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Abstract— DC-DC converters are employed in various electrical 
devices, thus forming main sources of electromagnetic 
interference (EMI). By making the DC-DC converter operating 
in chaos, using a new nonlinear feedback controller, the 
simulation results illustrate that a reduction of spectral peak and 
consequent spreading of the spectrum can be shown. This simple 
strategy not only improves the electromagnetic compatibility of 
the converter, but also reduces the output voltage ripple. A 
Power System Blockset (PSB) model using Simulink/Matlab is 
designed and results are compared to those obtained with the 
classical anticontrol method. 

Keywords-Buck converter; electromagnetic interference 
(EMI); electromagnetic compatibility (EMC); chaos; anticontrol; 
PSB Simulink/Matlab.  

I.  INTRODUCTION 

Switched mode DC-DC converters are the most popular 
power supply in industrial products. However, it was found to 
have large electromagnetic interference (EMI) due to the rapid 
switching of high currents and voltages, generally consisting 
of the switching frequency and many harmonics. This EMI 
give rise to important electromagnetic compatibility (EMC) 
problems.  Nowadays, switched mode power supplies have to 
be designed not only to provide the required electrical 
functions, but also to meet international EMC standards. 

Traditionally, the principal method in power converter EMI 
suppressing has been passive noise filtering for conducted 
EMI and metal shielding for radiated EMI [1]. Another 
approach that modulates the switching frequency has been 
proposed to reduce the spectral emissions [2][3]. Besides 
increasing the size, weight, a more important problem is a 
large extra waste of money in manufacturing cost. Such a 
design is not portable across different EMC norms because 
each time application domain changes, filters have to be 
redesigned and manufactured for each application even if the 
converter specifications themselves are unchanged.  

Recently, the study and its possible application of chaos, a 
nonlinear phenomenon which may occur naturally in switch-
mode power supplies when some of the system parameter get 
changed, have been an active subject. Most power electronic 
engineers try to avoid this mode of operation by choosing such 
component values that will give periodic ripples in the voltage 
and current waveforms. The work of Hamill and Deane [4] 

argued against such practice and proved that chaos might be 
used to improve EMC switch-mode power supplies without 
any additional circuitry. Thus, the periodicity of the converter 
voltages and currents is disrupted so that the energy of the 
interfering signal that was originally concentrated at the 
harmonic frequency is spread over a large bandwidth with a 
consequent reduction of the peak value in the power density 
spectrum of the interfering signals emitted by the system. 
However, [5] reported some inherent problems of chaotic 
operation like increased ripple and higher emissions floor.  

The task of making a nonchaotic dynamical system known 
as "chaotication" (or sometimes, "anticontrol"), has attracted 
more and more attention from the engineering and physics 
communities in recent years due its great potential in 
nontraditional applications for physical, electrical, optical, 
mechanical, chemical, biological, and  medical systems[6][7].  

The anticontrol method designs a nonlinear feedback 
controller with an arbitrarily small amplitude [8][9][10], thus 
obtaining chaotic dynamics in the controlled system. The 
application of this method [8][10] to switch-mode power 
supplies reduces the output voltage spectral emissions, but 
aggravates the overall magnitude of the ripple [11]. The work 
of [11] introduces a nonlinear feedback controller that 
maintains a small ripple in the output and also achieves a low 
spectral emission. A new nonlinear feedback controller is 
introduced in [12], much simpler that in [11], and with better 
performance. The initial nonlinear system is chaotified using a 
simple sine function of the system state, as in [10], but with 
large amplitude.  

Although the earlier measurements have been done at low 
frequency (2.5 kHz), the results should scale to higher 
frequency for practical power supplies. Also, only numeric 
analysis method is used to simulate the results.  

In this paper, a Power System Blockset (PSB) model using 
Simulink/Matlab is designed for a DC-DC buck converter 
choosing a higher frequency value (50 kHz) and using the new 
method proposed in [12], which includes a comparison with 
the classical anticontrol method. Results illustrate that this 
method can improve the converter in time domain (ripple) and 
frequency domain (spectrum). 
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II. OPERATION OF THE VOLTAGE-
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Figure 1.  DC-DC Buck converter with feedbac
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While the coefficient c2 is 0, thus the converter is governed 
by the control law vc1(t) of (1), the converter works on usual 
PWM mode.  

 Fig. 3 illustrates the output voltage of the converter on 
periodic state with a 27 mV ripple. The spectrum of the output 
voltage v(t) is shown in fig. 4, the energy concentrate on 
switching frequency and its harmonics, the peak values are 
relatively high and the EMC rulers are not easy to meet. So, 
let us try to reduce the peak value of the spectrum while 
maintaining a small ripple.  

Figure. 3 Periodic output voltage v(t) of the buck converter with the law 
control vc1(t) of (1) (27 mV ripple). 

Figure.  4 Power spectrum of the output voltage v(t) with the law control vc1(t) 
of  (1). 

Fig. 5 and fig. 6 show the chaotic output voltage v(t) and 
the power spectrum respectively when the converter is 
governed by the control law vc2(t) of (5)  obtained with c2=8 
and w2=300 rad/V. 

Compared the spectrum of periodic state with that chaotic 
state, the spectrum of chaotic  state spreads to wider range, the 
peak at the switching frequency 1/T (or at its harmonics) is 
drastically reduced. Average reduction at the switching 
frequency and its harmonics is at least 35 dB. The small 
amplitude of the parameters c2 as in [8] leads to the conclusion 
that, unfortunately, the time domain performance is worsened 
because the output voltage ripple has increased (380 mV 

ripple), thus reducing the efficiency of the DC-DC converter. 

Figure. 5 Output voltage v(t) obtained with the law control vc2(t) of (5), and 
with the parameters c2= 8 and w2=300rad/V (380 mV ripple). 

Figure. 6 Power spectrum of the output voltage v(t) with the law control vc2(t) 
of (5) (c2= 8 and w2=300 rad/V). 

Now, we are interested in a large variation of the parameter 
c2 until fig. 7 showing a ripple is 11 mV ripples. In this case, 
vc2(t) presents a better spectrum in fig.8, while ripple of 
performance and time v(t) is maintained low. 

Figure. 7 Output voltage v(t) obtained with the law control vc2(t) of (5), and 
with the parameters c2= 160 and w2=50 rad/V (11 mV ripple). 
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Figure. 8 Power spectrum of the output voltage v(t) with the law control vc2(t) 
of (5) (c2=160 and w2=50 rad/V). 

Fig. 9 presents the output voltage ripple in function of the 
anticontrol parameters c2 and w2. This ripple falls to very small 
values for a wide domain of low w2 angular frequencies and for 
high c2 amplitudes. For a better visualization of the small ripple 
domain, we project 3D space of coordinates (c2,w2) and ripple 
on 2D as represented in fig. 10.The low ripple area (the black 
area on the right) can then be identified. Every point (c2, w2) 
inside of this area is characterized by a small output voltage 
ripple dependent of the initial conditions (using vc2 (t) with 
large amplitude of c2. Fig. 10 presents on gray area: every point 
(c2, w2) inside of this area is characterized by an important 
output voltage ripple.  

Figure.  9  Output voltage ripple in function of c2 and w2. 

IV. CONCLUSION
In this paper, we apply a new nonlinear feedback controller 

to a DC/DC buck converter in order to demonstrate that chaos 
improves power supplies EMC without using EMI filters. On 
the other hand, this controller maintains a small ripple in the 
output if we choose a suitable coefficient (large amplitude of 
c2). 

Figure. 10 Plane projection 2D of the 3D space of coordinates (c2,w2) and 
ripple. 

Using Simulink, the simulation results demonstrate that a 
reduction of spectral peak and consequent spreading of the 
spectrum can be shown. The output ripple voltage is also 
decreased.  
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