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I. INTRODUCTION 

DC/DC converters are an important part of the 
conversion chain. They are widely used in battery 
connections, photovoltaic systems, wind turbines, 
hybrid systems and automotive applications 

The Single Ended Primary Inductor 
converter has offered great bene
conversion since it can generates a wide range of
output voltage. A SEPIC converter is able to operate 
in a buck-mode or a boost-mode depending on the 
duty cycle value. In other hand, the input impedance 
of a SEPIC converter can be changed by regulating 
the duty cycle. This property makes the SEPIC 
converter as an excellent candidate for PV 
applications because it can match the entire 
characteristic curve [3, 4]. The SEPIC converter has 
been modeled and controlled by differen
in [5, 6]. 
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Static converters consist of active and passive components (inductance, capacitance), and resistors. 
However, the use of semiconductor components (MOSFET, IGBT, Thyristor, etc...) in switching are 

) and current (di/dt). This leads to electromagnetic conducted 
work, the origins of electromagnetic interferences created by Single Ended Primary Inductor Converter

determined by using simulation under LTspice software. Then, the impact of the switching 
on the output current was studied, and voltage of SEPIC, as well as on the 

common mode and differential mode in the time domain and frequency domain

converter, Electromagnetic interferences, LISN, common mode, differential mo

DC converters are an important part of the 
conversion chain. They are widely used in battery 
connections, photovoltaic systems, wind turbines, 
hybrid systems and automotive applications [1, 2]. 

nductor (SEPIC) 
d great benefits for power 

conversion since it can generates a wide range of 
output voltage. A SEPIC converter is able to operate 

mode depending on the 
, the input impedance 

e changed by regulating 
the duty cycle. This property makes the SEPIC 
converter as an excellent candidate for PV 
applications because it can match the entire (I−V) 

]. The SEPIC converter has 
been modeled and controlled by different methods as 

SEPIC exchanges energy between inductors and 
capacitors to convert one voltage to another. The 
amount of energy exchanged is controlled by S1, 
which is typically a transistor as MOSFET as 
in Figure 1 [7-9]. 

Fig. 1. DC/DC SEPIC Converter [7]

 When switch S1 is closed, 
the current IL2 increases in the negative direction. The 
energy increase the current I
input source. Since S1 is a "
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and passive components (inductance, capacitance), and resistors. 
...) in switching are generating 
conducted disturbances. In this 

Single Ended Primary Inductor Converter (SEPIC) 
the impact of the switching 

, and voltage of SEPIC, as well as on the conducted 
and frequency domain.  

converter, Electromagnetic interferences, LISN, common mode, differential mode. 

SEPIC exchanges energy between inductors and 
capacitors to convert one voltage to another. The 
amount of energy exchanged is controlled by S1, 
which is typically a transistor as MOSFET as shown 

 

[7]. 

When switch S1 is closed, IL1 increases and 
increases in the negative direction. The 

IL1 which comes from the 
input source. Since S1 is a "short circuit" when 
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closed, and the instantaneous voltage 
less VIN, the voltage VL2 is about -VIN

capacitor C1 provides energy to increase the current 
in IL2 and thus increase the energy stored in L2. The 
best way to see is to examine the bias voltages of the 
circuit in a current continuous state, then close S1.

 When the switch S1 is opened, the current
even becomes IL1 because Inductors cannot have 
instantaneous current changes. The current 
continues to flow in the negative direction and reverse 
never made in direction. From the diagram it can be 
seen that the negative current IL2 
current IL1 and it is transferred to the load. 
Kirchhoff's law the current shows that 
can therefore be concluded that, if S1 is open, power 
is supplied to the load from the two currents of L1 and 
L2. During the "off" cycle (S1 open) C1 is charged 
from recharging L1 and L2 during the next "
(S1 closed) [7-9]. 

DC/DC converters have generative switching cells 
of high dV/dt and dI/dt slots of smoothing 
inductances, decoupling capacities and extraneous 
elements such as parasitic inductances
variations are responsible for 
disturbances propagating within the circuit and/or 
externally [10-15]. 

II. CONDUCTED DISTURBANCES IN 

ELECTRONICS 

In the context of power electronics, the EMC 
aspects cover the following essential particularities:

The converters are, at the same time: 

- Sources due to phenomena linked to the 
commutations of power switches. 

- Victims because their “command-
usually digital or hybrid. 

- Self disturbed by the power section.

The external interferences from natural and 
industrial environments can also occur [1

A simple case of conducted interferences emitted 
by a converter is presented in Figure 
VN represents the disruptive voltage of the converter. 
Z1 and Z2 represent the impedances of the noise 
propagation paths; ZC1 is the impedance between the 
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ltage VC1 is more or 

IN. Therefore, the 
capacitor C1 provides energy to increase the current 

and thus increase the energy stored in L2. The 
best way to see is to examine the bias voltages of the 
circuit in a current continuous state, then close S1. 

When the switch S1 is opened, the current IC1 
because Inductors cannot have 

taneous current changes. The current IL2 
continues to flow in the negative direction and reverse 
never made in direction. From the diagram it can be 

 is added to the 
and it is transferred to the load. From 

current shows that ID1= IC1-IL2. It 
can therefore be concluded that, if S1 is open, power 
is supplied to the load from the two currents of L1 and 
L2. During the "off" cycle (S1 open) C1 is charged 
from recharging L1 and L2 during the next "on" cycle 

DC/DC converters have generative switching cells 
slots of smoothing 

inductances, decoupling capacities and extraneous 
elements such as parasitic inductances. These 
variations are responsible for electromagnetic 
disturbances propagating within the circuit and/or 

N POWER 

In the context of power electronics, the EMC 
aspects cover the following essential particularities: 

 

Sources due to phenomena linked to the 

-control” card is 

disturbed by the power section. 

The external interferences from natural and 
environments can also occur [16-18]. 

A simple case of conducted interferences emitted 
by a converter is presented in Figure 2. In this figure, 

represents the disruptive voltage of the converter. 
represent the impedances of the noise 

is the impedance between the 

device and the ground. Resistors 
represent the load of the noise. These are normalized 
resistors (50 Ω) in which the parasitic voltages created 
in the victim are measured. 

The differential mode current 
between two power lines and the common mode 
current ICM flows in the overall loop, including the 
power lines and the ground [

Fig. 2. Pollutions in differential and common modes [19]

This work presents a comparative study on the 
impact of variation the frequency of switching SEPIC 
Converter in common and diffeential mode
simulation using Ltspice software

This paper is organized as
the conducted disturbances in power electronic and 
two modes of electromagnetic 
presented. In section III: the SEPIC converter schem
under Ltspice is presented, 
extracted, current and voltag
differential modes with frequency switching is 
F = 100 kHz in the time and frequency domain
section IV, the impact of varying the frequency
two modes, keeping the duty cycle at 50
presented, we chose three frequency: F
50 kHz and 20kHz. In section V, the conclusion is 
drawn from the results of simulation, on the impact of 
variation of  switching MOSFET in 
converter on conducted disturbances.

III. INTERFERENCES IN SEPIC

In Figure 3, the circuit topology of the SEPIC 
converter is presented. It consists of two inductances, 
two capacitors, one MOSFET transistor, one diode, 
the input voltage source and the load resistance at the 
output of the converter. The amount of energy 
exchanged is controlled through switch S1, which is 
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device and the ground. Resistors RC1 and RC2 
represent the load of the noise. These are normalized 
resistors (50 Ω) in which the parasitic voltages created 

The differential mode current IDM flows in the loop 
between two power lines and the common mode 

flows in the overall loop, including the 
power lines and the ground [19, 20]. 

 

Pollutions in differential and common modes [19]. 

This work presents a comparative study on the 
impact of variation the frequency of switching SEPIC 
Converter in common and diffeential modes by 
simulation using Ltspice software. 

This paper is organized as follows : in section II, 
rbances in power electronic and 

electromagnetic interferences are 
the SEPIC converter scheme 

tspice is presented, then the results are 
extracted, current and voltage output, common and 

with frequency switching is                               
in the time and frequency domains. In 

section IV, the impact of varying the frequency on 
, keeping the duty cycle at 50% are 

presented, we chose three frequency: F = 100 kHz,              
Hz. In section V, the conclusion is 

drawn from the results of simulation, on the impact of 
variation of  switching MOSFET in the SEPIC 
onverter on conducted disturbances. 

SEPIC CONVERTER 

the circuit topology of the SEPIC 
converter is presented. It consists of two inductances, 
two capacitors, one MOSFET transistor, one diode, 
the input voltage source and the load resistance at the 
output of the converter. The amount of energy 

controlled through switch S1, which is 
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classically a transistor such as a MOSFET
frequency of switching is F = 100 kHz, and duty cycle 
at 50%, output voltage is V = 200 
resistor R = 40 Ω. 
 

Fig. 3. Diagram of the SEPIC Converter used 
Software 

Figure 4 shows the line impedance stabilizer 
network (LISN), which must be placed before the 
converter in order to measure the conducted 
disturbances in two modes: common mode and 
differential mode.                

Fig. 4. Line impedance stabilizer network (LISN)

Figure 5 shows the time variation of the control 
signal of the MOSFET transistor with a duty cycle 
equal to 50% of different switching frequenc
F =100 kHz, 50 kHz and 20 kHz. 

DISTURBANCES GENERATED BY A SEPIC CONVERTER  

classically a transistor such as a MOSFET, the 
Hz, and duty cycle 
 V, the load is a 

 

used under Ltspice 

Figure 4 shows the line impedance stabilizer 
, which must be placed before the 

converter in order to measure the conducted 
disturbances in two modes: common mode and 

 

impedance stabilizer network (LISN). 

Figure 5 shows the time variation of the control 
signal of the MOSFET transistor with a duty cycle is 
equal to 50% of different switching frequencies:                    

 

Fig. 5. Control signal of the SEPIC MOSFET

Figure 6 presents the 
control voltage applied on the MOSFET of SEPIC 
converter, where we can see the peak of each step 
present the control frequency
towards high frequencies.  

Fig. 6. Frequency variation of control voltage applied on
MOSFET. 

Figure 7 shows the voltage at the terminals of the 
Resistor R, where it is noticed that a voltage stability 
with the increase of this last with the increase of the 
frequency of switching the MOSFET

Figure 8 presents the current circulates in the load, 
where it is observed so the current increases with the 
increase of the frequency of signal, of control the 
MOSFET. For exemple for 
is 1,2 A and the voltage is 50V, therefore a power of 
60 W, with the reduction of the frequency, the power 
also decreases. 
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Control signal of the SEPIC MOSFET. 

Figure 6 presents the Frequency variation of 
control voltage applied on the MOSFET of SEPIC 
converter, where we can see the peak of each step 
present the control frequency, then minimization 

 

Frequency variation of control voltage applied on the 

igure 7 shows the voltage at the terminals of the 
R, where it is noticed that a voltage stability 

with the increase of this last with the increase of the 
the MOSFET. 

igure 8 presents the current circulates in the load, 
where it is observed so the current increases with the 
increase of the frequency of signal, of control the 

for F = 100 kHz, the current 
50V, therefore a power of 

W, with the reduction of the frequency, the power 
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Fig. 7. Voltage at the output of SEPIC converter
 

Fig. 8. Current flows through the load. 

 
Figure 9 presents the conducted 

common and differential modes in the tempora
where we notice that the noise in the differential mode 
is greater than the common mode, with a peak up to 
-5.5 V, while the common mode is of about 

 

Fig. 9. Common and differential modes voltage in time domain
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oltage at the output of SEPIC converter. 

 

conducted disturbances in 
in the temporal range, 

where we notice that the noise in the differential mode 
is greater than the common mode, with a peak up to              

of about -3.6V. 

 

voltage in time domain. 

Figure 10 shows the frequency response of the 
disturbances driven in common mode
mode of the SEPIC converter. We see that the 
MOSFET switching frequencies, cause peak 
disturbances that do not meet the CISPR 22 Class B 
(quasi-peak) limits in the range of 150 kHz to 
30 MHz, due to the MOSFET. The maximum noise 
amplitude up to 120 dBµV at the frequency of 200 
kHz exceeds the limit CISPR22
differential mode. In the case of common mode, the 
peak is lower than in differential mode and exceeds 
the limit of the CISPR22 Class B standard
is equal 114 dBµV at frequency 200 kHz

Fig. 10. Common and differential mode
domain. 

IV.  IMPACT OF VARIATION 

FREQUENCY 

Figures 11 and 12 show the electromagnetic 
disturbance of the common mode currents in the time 
and frequency domains as a function of the variation 
of the switching frequency of the MOSFET, fixing the 
duty cycle at 50%. 

From the results obtained in Figure 
that with the increase of the frequency, the oscillatory 
phenomenon increases with very important peaks 
compared to the basic frequencies, as indicated in 
Figure 11. For Figure 12 in the frequency domain, we 
observe the disturbances increases with the increas
of the switching frequency with very big gains in the 
range of frequency 100 kHz 
minimization the emissions for all the boxes of 
towards the high frequencies
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Figure 10 shows the frequency response of the 
disturbances driven in common mode and differential 

of the SEPIC converter. We see that the 
MOSFET switching frequencies, cause peak 
disturbances that do not meet the CISPR 22 Class B 

peak) limits in the range of 150 kHz to                      
30 MHz, due to the MOSFET. The maximum noise 

p to 120 dBµV at the frequency of 200 
CISPR22 (average standard) in 

differential mode. In the case of common mode, the 
peak is lower than in differential mode and exceeds 
the limit of the CISPR22 Class B standard. The peak 

V at frequency 200 kHz. 

 

Common and differential modes voltage in frequency 

ARIATION OF THE SWITCHING 

show the electromagnetic 
disturbance of the common mode currents in the time 

as a function of the variation 
of the switching frequency of the MOSFET, fixing the 

From the results obtained in Figure 11, we notice 
t with the increase of the frequency, the oscillatory 

phenomenon increases with very important peaks 
compared to the basic frequencies, as indicated in 

in the frequency domain, we 
observe the disturbances increases with the increase 
of the switching frequency with very big gains in the 
range of frequency 100 kHz to 1 MHz, then a 
minimization the emissions for all the boxes of 
towards the high frequencies. 
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Fig. 11. Temporal response of the common mode voltage as 
function of switching frequency variation of the MOSFET for 
duty cycle 50%. 
 

Fig. 12. Frequency  response of the common mode voltage as 
function of switching frequency variation of the MOSFET for 
duty cycle 50%. 

Figures 13 and 14 indicate the tempora
frequency response of the disturbances of the 
in differential mode for the various frequencies
fixing the duty cycle of 50 %, one notices in the 
temporal domain an oscillatory phenomenon with 
peaks of current, 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 Figure 14 which presents the 
frequency domain, we notice that the peak of 
disturbances increases with the increase of switching 
frequency, so a minimization of these noises towards 
the high frequencies.    

It is concluded that the conducted 
the differential mode are very large compared to the 
common mode, as well as the increase in frequency, 
the disturbances are increased with significant peaks. 
which exceeds the standards CISPR22 Class B.

DISTURBANCES GENERATED BY A SEPIC CONVERTER  

 
response of the common mode voltage as 

function of switching frequency variation of the MOSFET for 

 
requency  response of the common mode voltage as 

function of switching frequency variation of the MOSFET for 

indicate the temporal and 
frequency response of the disturbances of the voltage 
in differential mode for the various frequencies. By 

50 %, one notices in the 
domain an oscillatory phenomenon with 

current, this phenomenon can be explained 
by the fast variation of switching the MOSFET which 
causes a variation of voltage and current very fast 

which presents the 
we notice that the peak of 

increases with the increase of switching 
frequency, so a minimization of these noises towards 

conducted disturbances in 
the differential mode are very large compared to the 

ase in frequency, 
the disturbances are increased with significant peaks. 
which exceeds the standards CISPR22 Class B. 

 

Fig. 13. Temporal response of the d
function of switching frequency variation of the MOSFET for 
duty cycle 50%. 

 

Fig. 14. Frequency response of the 
function of switching frequency variation of the MOSFET for 
duty cycle 50%. 

V. CONCLUSION 

This paper presents a comparative study 
of the switching frequency variation 
fixing the duty cycle, in the tempora
domains in order to measure the electromagnetic 
disturbances in common mode and in differential mode
First of all, we started to study a 
operating principle, then we 
electromagnetic disturbances, then the effect of variation of 
the switching frequency of the MOSFET on the two modes
We have taken the following frequencies with constant 
duty cycle is equal to 50% : F 
F = 20 kHz, where it is concluded that the 
noise exceeds the standard of 
these disturbances increase with the increase of the 
frequency of MOSFET control.
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differential mode voltage as 

function of switching frequency variation of the MOSFET for 

 
response of the differential mode voltage as 

function of switching frequency variation of the MOSFET for 

presents a comparative study of the impact 
variation of the MOSFET by 

fixing the duty cycle, in the temporal and frequency 
in order to measure the electromagnetic 

disturbances in common mode and in differential mode. 
we started to study a SEPIC Converter and their 

we determine the conducted 
electromagnetic disturbances, then the effect of variation of 
the switching frequency of the MOSFET on the two modes. 

the following frequencies with constant 
 = 100 kHz, F = 50 kHz and  

20 kHz, where it is concluded that the electromagnetic 
of limit CIPR22 Class B, and 

these disturbances increase with the increase of the 
 



32                                                                                                       A.  ZEGHOUDI, A. BENDAOUD, D. D. LUCACHE S.  BECHEKIR, H. SLIMANI, M. MILOUDI 

REFERENCES 

[1] E. R. Pinill, "Conception de convertisseurs électroniques de 
puissance à faible impact électromagnétique intégrant de 
nouvelles technologies d’interrupteurs à semi-conducteurs" , 
Doctoral diss, université de Lyon, 2014. 

[2] S. Dimitar, L. Vladimir, "Modélisation des convertisseurs 
statiques dc-dc pour des applications dans les energies 
renouvelables en utilisant matlab/simulink ", Université 
Technique de Sofia, 8 Kliment Ohridski, Sofia 1000, 
Bulgarie, Conférence EF 2009 UTC, Compiègne, 24-25 
Septembre 2009 

[3] H. Slimani, A. Zeghoudi, A. Bendaoud, A. Reguig, B. 
Benazza, N. Benhadda, "Experimental Measurement of 
Conducted Emissions Generated by Static Converters in 
Common and Differential Modes", European Journal of 
Electrical Engineering ISSN: 2103-3641– n° 23-3/2021, pp: 
273-279, https://doi.org/10.18280/ejee.230312. 

[4] S. Biricik, T. Ngo, H. Komurcugil and M. Basu, "Nonlinear 
control methods for single-ended primary-inductor power 
converters," IECON 2017 - 43rd Annual Conference of the 
IEEE Industrial Electronics Society, Beijing, China, 2017, 
pp. 1337-1340, doi: 10.1109/IECON.2017.8216227. 

[5] S. J. Chiang, H. J. Shieh, and M. C. Chen, “Modeling and 
control of PV charger system with sepic converter,” IEEE 
Transactions on Industrial Electronics, vol. 56, no. 11, pp. 
4344–4353, Nov 2009. 

[6]  A. R. Kashyap, R. Ahmadi, and J. W. Kimball, “Input 
voltage control of sepic for maximum power point tracking,” 
in Power and Energy Conference at Illinois (PECI), 2013 
IEEE, Feb 2013, pp. 30–35 

[7] Boris Landoni,”The SEPIC Switching converters, Open 
Surve projects, 8-9-2016, https://www.open-
electronics.org/the-sepic-switching-converters/ 

[8] M. Oudda, A. Hazzab,  “ PhotovoltaicSystem with SEPIC 
Converter Controlled by the Fuzzy Logic  “ International 
Journal of Power Electronics and Drive System (IJPEDS), 
Vol. 7, No. 4, December 2016, pp. 1283~1293,                             
DOI: 10.11591/ijpeds.v7i4.pp1283-1293 

[9] S. Durgadevi, M. G. Umamaheswari, “Analysis and design 
of single phase power factor correction with DC–DC SEPIC 
Converter for fast dynamic response using genetic algorithm 
optimised PI controller “ IET Circuits Devices 
Syst., 12 (2) (2017), pp. 164-174. 

[10] N. Benhadda, A. Bendaoud, N. Chikhi,”A conducted EMI 
noise prediction in DC/DC converter using a frequency-
domain approach”. Elektrotehniški Vestnik Journal, 85(3): 
103-108, 2018. 

[11] A. Zeghoudi, A. Bendaoud, L. Canale, A. Tilmatine and H. 
Slimani, ”Common Mode and Differential Mode noise of 
AC/DC LED Driver,” 2021 IEEE International Confer- ence 
on Environment and Electrical Engineering and 2021 IEEE 
Industrial and Com- mercial Power Systems Europe (EEEIC 
/ICPS Europe), Bari Italy, 2021, pp. 1-6, 
 doi: 10.1109/EEEIC/ICPSEurope51590.2021.9584616. 

[12] A. Zeghoudi, H. Slimani, A. Bendaoud, B. Benazza, D. 
Benouna. “Determination of Electromagnetic disturbances 
in a buck chopper”. Australian Journal of Electrical and 
Electronics Engineering, 18 jan 2022, 

         DOI: 10.1080/1448837X. 2021. 20230 73 

[13] H. Slimani, A. Zeghoudi, A. Bendaoud, A. Reguig, B. 
Benazza, N. Benhadda, “Experimental Measurement of 
Conducted Emissions Generated by Static Converters in 
Common and Differential Modes” European Journal of 
Electrical Engineering(EJEE) ISSN : 2103-3641, Vol. 23, 
No. 3, June, 2021, pp. 273-279 

[14] A. Zeghoudi, A. Bendaoud, H. Slimani, H, Miloudi, M. 
Miloudi, N. Chikhi, ”Exprimental Measurement of Common 
And Differential Modes For Variable Speed Drive DC 
Motor”, IEEE International Multi-conference on Signal, 
System, Devices (SSD), 06-10 May, 2022, Setif, Algeria, 
doi:10.1109/SSD54932.2022.9955933 

[15] Abdelhakim Zeghoudi, Abdelber Bendaoud, Helima 
Slimani, Baghdadi Benazza, Houcine Miloudi, Laurent 
Canale, ”Power impact and electromagnetic disturbances of 
different lighting modes from spot LED lamp”, Optik 
(international journal for light and electrons optics), Volume 
269, 2022,169898, ISSN 0030-4026, 
https://doi.org/10.1016/j.ijleo.2022.169898. 

[16] S. Hrigua, F. Costa, B. Revol,  C. Gautier, ”Nouvelle 
méthode d'analyse des interférences électromagnétiques 
(IEM) dans les convertisseurs statiques”, 14ème édition de la 
Conférence Electronique de Puissance du Futur Bordeaux: 
5-7 juillet 2012, Bordeaux, France. 

[17] Idir, N. ”CEM en Électronique de Puissance: Convertisseurs 
Statiques Propres”. Quatrièmes Journées d’Etude. Réseaux 
Electriques, Haute Tension et Compatibilité 
Electromagnétique, REHTCE’2016, 7-9 Novembre 2016, 
Sidi Bel-Abbès. 

[18] H. Slimani, A. Bendaoud, A. Reguig,“ Measuring and 
reducing of harmonic pollution using rapid prototyping.” 
European Journal of Electrical Engineering (EJEE), 19(3-4): 
221-234, 2017, http://dx.doi.org/10.3166/ejee.19.221-234 

[19] S.Wang, “ Characterization and cancellation of high-
frequency parasitics for EMI filters and noise separators in 
power electronics applications”doctoral diss, Faculté de 
l'Institut polytechnique de Virgini, 2002. 

[20] C. Martin, “Vers une méthodologie de conception des 
interconnexions pour les dispositifs de l'Electronique de 
Puissance“. Doctoral diss, Université de Grenoble, 2005. 


