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Abstract 

This paper presents the researched phenomenon of nonlinear 

dynamics exhibited by a current controlled boost converter 

fed from a rectifier as an alternative to a regulated dc supply. 

The calculated Floquet multipliers from Fillipov’s stability 

technique matches the simulation and hardware prototype 

result. Bifurcation analysis performed for different 

parametric values, shows various behavioral patterns. A 

detailed analysis of unintentional intrusion of signals caused 

by electromagnetic interference is also presented.  

 

Index Terms–Chaos, Rectifier, Intermittency, Fillipov’s 

theory 

 

1. Introduction  

Power electronic converters, being time 

varying nonlinear dynamical systems are found to 

exhibit several periodic steady state responses as well 

as chaotic responses. The importance of the 

converters and their reliability are emerging trends of 

research in power electronic circuitry study. The 

presence of non-ideal switching devices as a key 

component in switched mode systems, unintentional 

coupling of spurious signals and the presence of 

ripple or harmonic components in the supply may all 

account for the complex behavior of the system. In 

this context, chaos in a current controlled dc-dc boost 

converter has been investigated and evaluated with 

different analytical methods [1]-[3]. The pathways 

through which the current controlled boost converter 

exhibit chaos for different parametric variation have 

also been reported [4]. Bifurcation and chaos analysis 

for the current controlled boost converter operating in 

discontinuous conduction mode have also been 

reported  [5]-[6]. 

The dc supply for dc-dc or dc-ac converters is usually 

derived from a diode bridge rectifier. The ripple 

frequency and variations in ripple amplitude strongly 

influence the converter dynamics. A careful 

consideration of these factors has led to an analysis 

of the rectifier fed voltage mode controlled buck 

converter [7]. It has been observed that undesirable 

voltages or currents present in electrical systems may 

lead to electromagnetic interference (EMI) and may 

reach the victim device by electromagnetic 

conduction or radiation [8]. Improper shielding of the 

power supplies against the interference of intruding 

signals, presence of non ideal reactive elements, etc. 

may also lead to intermittent chaotic operation [9]-

[10]. Interference can be in the form of coupling 

through conducted or radiated paths, which may be 

present in the power circuit board or at a near 

proximity [11]. The effect of adding spurious signal 

in the control voltage of a voltage-mode controlled 

buck converter and intermittency has been studied 

extensively [12]. Effects of saw-tooth, triangular and 

sinusoidal interference signals in control and input 

voltages of the buck converter have also been studied 

and analyzed [13]. However, the study on nonlinear 

dynamics of a rectifier fed current mode controlled 

boost converter with spurious signals perturbation is 

seldom reported.  

This paper primarily focuses on the nonlinear 

phenomenon exhibited by a rectifier fed current 

controlled boost converter, along with intrusion of 

periodic spurious signals. In section 2, the state 

equations of the system are explained along with the 

bifurcation behavior of current controlled boost 

converter fed from a rectifier with different filter 

capacitor values. In section 3, analysis is extended 

for the diode bridge rectifier fed current mode 

controlled boost converter, considering various ripple 

percentages in input dc voltage followed by 

experimental studies. In section 4, mathematical 

analysis using Fillipov’s method is carried out. 

Section 5, details the intrusion of sinusoidal signal in 
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reference, with rational and irrational frequency 

ratios. Finally conclusions are drawn in section 6. 

 

2.System Description and Modeling 

The circuit diagram and the power circuit 

schematic of peak current controlled dc-dc boost 

converter is shown in Fig.1a and 1b, respectively. 

The converter is fed from a single phase ac supply 

through (Vacrms) a diode bridge rectifier with C filter. 

L and C0 are the reactive elements of the converter. 

’S’ is the controlled switching device. ’D’ is the 

diode and ‘R’ is the load resistance. iL is the inductor 

current and V0 is the output voltage. vdc and Vin are 

the rectified and filtered voltages, respectively.  

The design parameters are:  

Switching frequency fs = 25 kHz, R = 47 Ω, Iref = 1A, 

L = 500μH,  Co =100 μF, and ac supply voltage to the 

rectifier is V acrms=15V [14].  

When the switch ‘S’ is ‘ON’,  iL(t) increases and 

reaches the reference current value, and when the 

switch ‘S’ is ‘OFF’ the current ramps down to a 

minimum value.  

The state equations of the system during switch ‘ON’ 

and ‘OFF’ are 
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 Fig. 1a. Circuit diagram of a peak current controlled boost 

converter 1b. Hardware realization   

 

3.Analysis of boost converter fed from a diode 

bridge rectifier 

Rectifier is an essential part in power supply 

unit which is used as an interface between utility and 

most of the electronic gadgets. Conventionally to 

obtain dc voltage from an ac source, a diode bridge 

rectifier is utilized. The filter capacitor used at the 

rectifier output, limits the ripple peak of the dc input 

voltage to the converter. In this section, the nonlinear 

dynamics exhibited by current mode controlled boost 

converter powered from a single phase rectifier with 

a filter capacitor is analysed for various input ripple 

percentages along with variation in system 

parameters.In a practical scenario,the allowed ripple 

content [6]  in a power supply may vary from 2% to 

10%. For a ripple content of 2% ,the system  

becomes bulky and hence 10% ripple content is 

chosen for analysis.Since the converter is fed from a 

rectifier with a 50 Hz ac input voltage ,the dynamics 

is governed by the switching frequency of the 



converter and the  ripple frequency(100 Hz).The 

rectifier fed current controlled boost converter with  

bifurcation parameters as Iref ,R and Vin is simulated 

and  results are discussed below. 

 

3.1 Iref  variation 

        The rectified dc input with 10% ripple is 

considered for analysis. For Iref variation between 

0.5A and 1.3A the system exhibits stable operation. 

The time plot of inductor current in  long  span  

reveals the presence of 100 Hz frequency component  

and short span plot shows period 1 operation. The 

poincare section exhibits a loop like structure 

showing  quasiperiodic [15-16] nature with 250 

points instead of a single point due to the presence of 

commensurable frequencies in the system as shown 

in Fig. 2(b).When Iref is increased to 1.35A, time plot 

of inductor current in close span reveals the period 2 

nature and the effect of ripple frequency is seen in 

long span. Further increase in Iref to 1.6A, the system 

enters the chaotic region. Fig.2 shows the time plot of 

inductor current (both in long and short span) and 

corresponding Poincare sections for variation in Iref. 

 

3.2 Capacitance variation 
  Disturbance in supply voltage is a practical 

reality and varations in supply voltage makes the 

system to  lose its stability.The dynamics of the 

current controlled boost converter fed from a stiff dc 

supply in the presence of intruding signal is analyzed 

in an extensive manner [9, 10, 12].This paper 

considers a widely used rectifier fed boost converter 

for analysis. To reduce the ripple content of the 

voltage from the diode bridge rectifier, a capacitor 

filter is used and to analyze the behavior of peak 

current mode controlled boost converter different 

capacitance values are used. The time bifurcation 

diagram of inductor current for C=4700µF is shown 

in Fig.3 (a) showing a stable operation. Then, the 

system starts to lose its periodicity  at the beginning 

of each half line cycle, which is depicted in Fig.3(b), 

for C=1000µF.When C=600µF and C=120 µF the 

converter enters into chaotic region via intermittency. 

From Fig.3, the following conclusions are drawn. 

- it can be easily seen a periodic instability 

exists in each half line cycle.  

- reduction in capacitance value reduces the 

region of stable period one 

- ripple current value increases with decrease in 

C value 

 

3.3 Load Variation 
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  Fig.2 Time Plot of Inductor Current in Long span with Iref 

(a)1A (c) 1.35 A ;Zoomed version shows the time  plot of 

Inductor Current in short span; (b) Corresponding Poincare 

section with Iref =1 A ; (d)time  plot of Inductor Current in 

short span Iref =1.35 A 
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Fig.3 Time Bifurcation diagram of peak current mode 

controlled boost converter with C variation   (a) 4700µF 

(b) 1000 µF   (c) 600 µF (d) 120 µF 

 



3.3 Load Variation 

Naturally every system will undergo 

variation in load. Increase in R makes the system to 

lose its periodic nature and spikes are observed in 

time plot of inductor current in long span.  

In short span, the variation from period 1(R=47 Ω) 

Fig.2(a) to period 2 (R=80 Ω) and then to chaotic 

mode(R=100 Ω) is clearly visible. Figs. 4(a) and 4(b) 

represent the period 2 variation in  long span and 

short span clearly. Similarly Figs.4 (c) and 4(d) 

represent the chaotic behavior with R=100 Ω.  

With R as bifurcation parameter and with a ripple 

content of 2%  in Vdc (across C) ,the system exhibits 

various behavioural patterns. For R=47 Ω, the system 

exhibits stable operation [7]. 
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Fig.4 Time response of inductor current waveform (a) 

R=80 Ω (c) R=100 Ω in long span and Corresponding 

short span waveform in (b), (d) 

 

When R is increased to 80 Ω, the discrete 

state space contains two disjoint mirror image 

elliptical structures each having 125 points, as shown 

in Fig.5 (b) revealing the period-2 operation. The 

time plot of inductor current in long span shown in 

Fig.5 (a) reveals the presence of  ripple frequency 

(100Hz) and short span reveals the presence of 

period 2 nature. As R is further increased to 90 Ω, the 

inner loop in each elliptical curve shrinks as shown in 

Fig.5 (d) revealing the diminishing effect of 25000 

Hz component and system operates in period 2 

steady state. Time plot of inductor current waveform 

for R=90 Ω and 95 Ω in long span are shown in Fig.5 

(c) and Fig 6 (b) respectively. Fig 6 (a) shows the 

long span waveform for R=95 Ω and Fig 6 (b) is the 

corresponding Poincare section. 

With increase in R to 100 Ω the disjoint mirror 

structures are distancing themselves from each other 

and the system enters into DCM, which is shown in 

Fig.6 (d).                                                                                                            
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Fig.5.Time response of Inductor current in long span with 

R (a) 80 Ω  (c) 90 Ω     corresponding Poincare section 

response in (b) and (d) respectively 
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Fig.6.Time plot of Inductor current in long span with R (a) 95 Ω 

(c) 100 Ω     corresponding Poincare section response in (b) and 

(d) respectively 



All the above state space structures are having fs/f02 

points, where fs  is switching frequency (25kHz) and 

f02 is the ripple frequency(100Hz), yielding 250 

points for period 1 and for period 2, two identical 

loops of 125 points each. The frequency spectrum 

conveys that for period 1 operation, the switching 

and ripple frequencies are dominating, whereas for 

period 2 operation, the system is dominated with 

(f01/2) Hz and ripple frequency component. 

Comparing Fig.4 (c) with Fig.6 (c) it is evident that 

region of stability increases with increase in 

capacitance value but the system enters into DCM.  

To consolidate, the bifurcation behavior of rectifier 

fed boost converter for wide variations in Iref, R and 

Vrms are depicted in Fig.7.It is inferred that system 

moves from period-1 nature to chaotic mode through 

border collision. Also, the transitions from period 1 to 

chaotic mode is not clearly visible. 

 

 
Fig. 7. Bifurcation diagram of peak current mode 

controlled converter fed from rectifier with bifurcation 

parameters (a) Iref    (b) R  (c) Vrms 

                

The simulation results are verified using the 

experimental setup. The hardware implementation of 

the peak current mode controlled boost converter 

shown in Fig.1b is made.  A 15 V, 50 Hz, single 

phase ac supply is given to MIC6A4 diode bridge 

rectifier. The rectified dc is filtered using an 

electrolytic capacitor of 4700μF producing a 

pulsating dc with the ripple content of 10%, which is 

fed as an input to the boost converter. The inductor 

current is sensed using the current sensor LA25A and 

compared with reference current in LM324 

comparator. A clock signal of 25kHz and the 

comparator output are given as inputs to S and R 

terminals of SR Flip flop(which is realized using 

7402 NOR gate) respectively. The pulse generated is 

given to the gate of IRF 640 MOSFET switch. The 

output voltage and inductor current are obtained. The 

observed period 1, period 2 and chaotic waveforms 

of inductor current in long span and short span are 

shown in Figs. 8(a-d) respectively. 

When the results of simulation shown in Fig.3a and 

experimentation waveform shown in Fig. 8a are 

compared, they are depicting period 1 behavior for 

Iref=1 A with R=47 Ω in long span and short span. 

The hardware result match exactly with the 

simulation. Similar comparison is made  for period 2 

operation(Fig.8b with Fig.3c) as well as for chaotic 

mode period. Experimentation is also carried out for 

variation in R and C. From the results obtained, it can 

be concluded that the simulation and experimentation 

results are showing a very close match.  
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Fig. 8.Time plot of inductor current waveforms. Period 1 

operation  for Iref=1 A (a)in long span (b) in short span ; 

Period 2 operation for Iref=1.4 A (c)in long span (d) in 

short span [Inductor current is 300 mA/division and Time 

is 10ms/division] 

 

4. Mathematical analysis 

To analyze the stability of power electronic 

converters, Poincare Map, trajectory sensitivity 

analysis and Floquet theory are used widely. 

Fillipov’s mathematical  approach of stability 

analysis is widely used in switched mode system 

[17]-[19] as it locates the eigenvalues and gives the 

bifurcation point for any piecewise linear smooth 

system. Fillipov’s method uses the switching 

manifold to calculate the Saltation matrix using 

which the monodromy matrix is obtained. 

The monodromy matrix is given by 

Φcycle (0,T) = Si+1 *Φoff (dT,T)*Si* Φon (0,dT)   (5) 



where , 

Si is the saltation matrix of i
th
  instant  

Si+1 is the saltation matrix of (i+1)
th
  instant 

Eigenvalues obtained from monodromy matrix 

determine the stability of the system (16). For the 

rectifier fed current mode controlled boost converter 

the equations represent the vector fields of system 

before and after switching are as follows. 
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The switching hyper surface is defined as follows  

  1,   refh x t x I 
            (8) 

The normal to switching hyper surface is 
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The following calculations are done to find the 

saltation matrix 
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The monodromy matrix is then calculated using the 

equation given below. 

2 off 1*exp(A (1 ) )* *exp( * )onM S d T S A dT 
     (16) 

With Iref and R as bifurcation parameters, the floquet 

multipliers obtained for rectifier fed current mode 

boost converter are given in Tables I and II and the 

following conclusions are drawn. 
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Fig. 9.Movement of eigenvalues in the unit circle with 

bifurcation parameter as  Iref   

 When the reference current is chosen as bifurcation 

parameter  

- For Iref =1 A and 1.2 A, the floquet 

multipliers are inside the unit circle , 

indicating stable operation 

- For Iref =1.35 A, the floquet multipliers are 

just crossing -1+j0 revealing unstable 

operation 



- For Iref =1.4 A  and 1.5 A, the floquet 

multipliers are outside the unit circle 

displaying unstable operation 

 
Table 1 : Floquet multipliers for Iref  as bifiurcation 

parameter 

Iref 

Duty 

Ratio  

D 

Saltation 

matrix 

Monodromy 

matrix 

Floquet  

multiplier 

1.0 0.4162 

1 0.2287

0 0.7153

 
 

 

 

0.9755 0.4584
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0.9845, 
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0.9852, 

-1.0691 
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 When load resistance is chosen as bifurcation 

parameter 

-For R =47 Ω and 60 Ω, the floquet 

multipliers are inside the unit circle and the system is 

stable 

- For R =75 Ω,   one of the floquet 

multipliers are about to step outside the unit circle 

and the system is moving from stable region to 

unstable region 

- For R ≥80 Ω, one of the floquet multipliers 

are out of the unit circle and the system is completely 

unstable.           Above conclusions may be  depicted 

in the locus similar to the diagram shown in Fig.9. 

 

 Increase in either Iref or R makes the system 

to lose its periodicity, which is explained above. 

The comparison made between the simulation, 

experimentation and analysis shows a very close 

match. 

 

 

 

Table 2 : Floquet multipliers for R as bifiurcation parameter 

 

R 

Duty 

 Ratio 

D 

Saltation 

matrix 

Monodromy 

matrix 

Floquet  

Multipliers 

47 0.4162 
1 0.2287

0 0.7153

 
 

 

 0.9755 0.4584

0.0333 0.7114

 
 

 

 0.9845, 

-0.7204 

60 0.4736 
1 0.2058

0 0.9020

 
 

 

 0.9803 0.4135

0.0379 0.8980

 
 

 

 0.9886, 

-0.9063 

75 0.5214 
1 0.1866

0 1.0917

 
 

 

 0.9839 0.3759

0.0417 1.0877

 
 

 

 0.9915, 

-1.0952 

80 0.5345 
1 0.1814

0 1.1540

 
 

 

 0.9848 0.3655

0.0427 1.1464

 
 

 

 0.9921, 

-1.1538 

100 0.5774 
1 0.1664

0 1.3684

 
 

 

 0.9876 0.3319

0.0453 1.3645

 
 

 

 0.9941, 

-1.3710 

 

 

5. Interference of sinusoidal signals with different 

magnitude and frequency 

 As mentioned earlier in section 3, the 

rectifier fed boost converter contains two frequency 

components leading to quasi periodic nature for 

period 1 operation. The intrusion of spurious signals 

introduced by PLL, SMPS, PWM 

generators,etc…will normally be in the form of 

sinusoidal and triangular signals. These signals   get 

superimposed anywhere and may produce 

interference in the system. In this section, the 

presence of sinusoidal interference signal in 

reference current is analysed for a diode bridge 

rectifier fed boost converter. 

 

5.1 .Sinusoidal interference in reference current 

with irrational frequency ratio 

In this section, the effect of intrusion of 

unintentional sinusoidal signal in reference current 

(Fig 1 (a)) with irrational frequency ratio αf = f0/fs 

[13], where fo is the frequency of spurious signal, fs is 

the switching frequency is analyzed. Since these two 

frequencies are not proportional to each other, the 

system tends to oscillate with quasi periodic behavior 

[20]-[21].  Figs. 10(a) and 10(c) show the  quasi 

periodic behavior of boost converter supplied from a 

stiff dc source with  αf = √3/2 and αf = (1+√5)/2 

(Golden ratio) respectively. For the same ratios 



rectifier fed converter system, introduces a three 

frequency quasi periodic behavior which are depicted 

in Figs. 10(b) and 10(d).Similar behavior is also 

observed for αf = (1+√2) (Silver Ratio). 

22.0635 22.0645
0.566

0.569

Capacitor Voltage(V)

(a)

In
d

u
c
to

r
C

u
r
r
e
n

t 
(A

)

21 22
0.56

0.595

Capacitor Voltage(V)

(b)

In
d

u
c
to

r
C

u
r
r
e
n

t 
(A

)

Capacitor Voltage(V)

(c)

In
d

u
c
to

r
C

u
r
r
e
n

t 
(A

)

21.2 22
0.56

0.595

Capacitor Voltage(V)

(d)

In
d

u
c
to

r
C

u
r
r
e
n

t 
(A

)

22.0635 22.0642
0.564

0.571

 
Fig. 10.Sinusoidal interference introduced in reference and 

its poincaré sections of responses for αv = 0.001,     αf  =  

√3/2 (a) regulated power supply fed boost converter (b) 

rectifier fed boost converter; for αv=0.001, αf =golden ratio 

(c) regulated power supply fed boost converter (d) rectifier 

fed boost converter 

 

5.2  Sinusoidal interference  in reference current 

with rational  frequency ratio 

The peak current mode controlled boost 

converter coupled with unintentional intrusion of 

frequencies having rational frequency ratio [αf1 = 

f01/fs  = Nnum/Nden] exhibits a periodic behavior of Nden  

value. For sinusoidal intrusion with a frequency (f01) 

of 5000 Hz and switching frequency (fs) of 25000 Hz, 

the system exhibits a Nden period quasi behavior as 

shown in Fig.12 (c) with each circle consisting αf2 = 

f01/f02 points, where f02  is the rectified input frequency 

100Hz .  

For integer values of the frequency ratio, only 

one closed path is observed as depicted  in 

Fig.3(b).For rational frequency ratios of ‘1/n’ the 

system exhibits ‘n’ closed curves which are shown in  

Figs.11 (a-d). 

 

5.3 Sinusoidal interference in reference current 

with frequency closer to switching frequency or its 

rational multiples 

When the intruding signal is coupled 

accidentally, there is a possibility that the intruding 

frequency is very close to the switching frequency or 

its rational multiples,
 
the system exhibits intermittent 

operation. (i.e.) ˆ
o sf kf f   where f̂  is a small 

number compared to fs and k is a rational number. 

Considering 2ˆ f  and a = 1/2, 1 the intruding 

frequencies are 2502 Hz and 5002 Hz.  

When ‘k’ lies between 0.01 and 0.025 the 

inductor current is in period 1 with no significant 

impact of intrusion. For increase in strength of ‘k’ to 

0.05, the time bifurcation diagram of inductor current 

displays the intermittent period 2 structure and a fully 

developed intermittent chaos for 0.075 strength  

,displayed in Fig.12 c. Corresponding Poincare 

sections are shown in   Fig 12 a. 
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Figure 11.Rectifier fed boost converter with sinusoidal 

intrusion in reference current having magnitude strength of 

0.01 with frequency of intrusion is rational (a) 12500 Hz 

(b) 6250 Hz (c) 5000 Hz (d) 2500 Hz  

 

Similar phenomenon is observed for the 

intruding frequency of 12520 Hz shown in  Fig. 12 d, 

corresponding Poincare sections are shown in Fig 12 

b. 
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Fig. 12.Poincare sections of rectifier fed boost converter 

with sinusoidal intrusion in reference current having 

intruding frequency of (a) 25020 (b) 12520; 

Corresponding sampled inductor current waveform with 

intruding frequency(c) 25020 (d)12520        

 

The Poincare sections show mode locked 

structure for smaller strength of intrusion signals, and 

the bubbles burst for increase in strength, producing a 

fully developed chaotic state at the end. 

 

6.Conclusion 

The nonlinear dynamics of peak current 

mode controlled dc dc boost converter fed from a 

diode bridge rectifier has been studied in this paper. 

The diode bridge rectifier introduces a 100Hz 

component along with the switching frequency, 

making the system to exhibit slow scale and fast 

scale instabilities, resulting in coexistence. 

Mathematical analysis is done using Fillipov’s 

method and the Floquet multipliers are calculated 

from monodromy matrix which supports the 

simulation and experimental observation. Apart from 

this, the effect of unintentional intrusions in the 

reference current has also been studied. The intrusion 

signal frequency at reference and existing 100 Hz 

component in the input makes the system to exhibit 

mode locking behavior.  
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