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 
Abstract: In this paper, PI controller in the active switched 

capacitor network is employed to achieve robust control under 
disturbance by maintaining sustained output voltage for varying 
input voltage.  Active switched capacitor in the high gain DC–DC 
circuit efficiently increases voltage gain due to the combination of 
LC network with minimum duty cycle. The proposed circuit is the 
modification of typical high gain DC converter and modified 
network is simple in structure due to reduce in number of switch 
components and the voltage stress on the capacitor, diodes and 
across switches are reduced compared to base network. This paper 
presents the design, operation and analysis of the modified 
topology and the performance comparison with base converter is 
presented. Simulation is carried out using MATLAB software for 
the proposed system with and without PI controller and variation 
in the output voltage between both the circuits is tabulated and 
comparative analysis is discussed.  

Keywords: High gain DC-DC network, active switched 
capacitor network, voltage gain, voltage stress, PI control. 

I. INTRODUCTION 

A DC converter with high voltage are normally used  

power converters for Photo voltaic applications and they are 
used in dc power generators to meet load requirements. These 
converters are high in demand as they are used in many 
applications like in some medical equipment, electric 
tractions, automobiles, uninterrupted power supplies and 
mainly used in renewable energy conversion. A typical 
DC-DC boost converter was preferred to increase  the voltage 
but the obtained voltage is not high enough. so, it cannot be 
applicable for high step up applications and also it requires 
higher operating duty cycle. Hence, voltage can be stepped 
up by using transformer less converters with minimum duty 
ratio and also the stress across power devices are minimized 
[1]. A bidirectional converter is simple in structure and it 
consists of coupled inductors which produces step up and 
step-down voltage higher than traditional converters [2] but 
the voltage stress across devices are high which leads to 
problems in reverse recovery. A novel converter can increase 
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voltage by implementing an inductor and voltage multiplier 
cells [3].  
An interleaved Coupled-inductor converter [4] can acquire 
high output voltage without maximum duty ratio and voltage 
spikes can be reduced by adopting the active-clamp circuit 
[5]. voltage gain can be further amplified by increasing the 
number of turns in an inductor but this leads to occurring of 
current ripple. But the main constraint of this type of 
converter is transformer saturation. Hence, non-isolated 
converters can be used to attain higher voltage, where the 
isolation of circuits is not required. Integrating non-isolated 
converters with coupled inductor steps up voltage and 
reduces current ripple [6]. Further voltage can be increased 
by integrating an inductor and capacitor into same converter 
[7].  The current fed Cockcroft-Walton Multiplier in 
converter  [8] act as a boosting system to produce desired 
output and eliminates occurring of voltage ripple and 
improves voltage gain and efficiency. Connecting a series of 
voltage-lift type inductors in a converter enhances voltage [9] 
and also by extending the active-passive inductor cells 
(APICs) [10] we can get much higher voltage with low 
voltage stresses on power devices but components used are 
high. Increasing number of levels in the converter [11] can 
step up the voltage with lower duty cycle but voltage stress 
will be very high and efficiency degrades due to hard 
switching. By employing soft switching techniques [12] like 
ZVS or ZCS increases efficiency but voltage stress across 
power devices will be high. Multilevel inverter employing PI 
controller for grid connected PV system [13] produces 
sinusoidal output current, unity power factor is maintained 
and for randomly changing atmospheric conditions high 
dynamic performance is obtained. Boost converter with 
cascade control loop [14] improves converter performance 
and by adding PI controller in the loop desired output is 
constantly maintained for varying input and also it eliminates 
disturbances occurring at load. In this paper, a basic high gain 
converter is modified by employing an active switched 
capacitor to overcome the drawbacks mentioned above and to 
mitigate the drawbacks of base converter shown in figure 1, 
such as number of switch components are less, low duty cycle 
used and voltage stress across switches are less compare to 
base converter. The voltage gain is increased by using only 
one with less duty ratio instead of using two different duty 
ratios.  A PI controller is added in the converter to achieve 
robust control under varying input and disturbance. The 
design of the circuit, analysis and operating principle of the 
modified system is discussed in detail and also comparative 
analysis with base converter is also discussed. 
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II. PROPOSED TOPOLOGY  

The topology as shown in the figure 2 is the modification 
of traditional non-isolated high gain converter which is 
shown in fig 1.  
The modified topology includes one extra capacitor, diode is 
replaced between capacitor and switch S1, and switch S3 is 
removed. The converter is analyzed by assuming all the 
components are ideal and high capacitor values are 
considered to maintain constant voltage. The proposed 
topology consists of two modes of operation in CCM mode 
and it is explained below:  
 

 
Fig.1 : base converter 

                        

 
Fig.2 : proposed converter 

Mode 1: Both the switches are in on condition and the diodes 
are not active. The inductors L1 and L2 are in charging mode 
and capacitor C1 and C2 are discharged towards inductor L2 
and load, respectively. The voltages across inductors and 
capacitor currents are derived as 

      

    
  

    

      

    
  

         

      

    

  
      

      

    

  
      

 
Mode 2: Here, Both the switches are in off condition and the 
diodes are turned on. The inductors discharges energy 
towards load due to their series connection with the input 
source and capacitor C1 is in charging mode. The voltages 
and current equations are derived as  
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(b) 

Fig. 3: CCM operation. (a) Mode 1. (b) Mode 2. 
 
Voltage gain of the proposed topology is derived as:  

  
    

  
 
 

    
   

 

  
    

  
 
 

     
       

 

 

  
  

  

    
   

 

   
        

  

      
       

 

 

    
 

   
                                     

 
Similarly, apply volt-second balance principle for inductor 
L2, 

  
    
  

 
 

   
   

 

   
    
  

 
 

     
       

 

 

  
        

  
    

   

 

   
        

  
      

       

 

 

   
       

   
                                 

 
Substituting (1) into (2),  

       
  

  

 
      

      
 

 
Here we are using duty ratio as D = 0.65, 

Voltage Gain 
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III. DESIGN PARAMETERS OF PROPOSED 

CONVERTER: 

The converter is rated for 100W and 200V. The input is  
taken as 20V. Thus, output resistance and output current are 
calculated as follows: 

   
  

  
  

   

   
       

   
  

 

  
  

       

   
      

 

A. Inductor design: 

To calculate inductor value, inductor ripple current is  
calculated based on this formula,  

                        
  
   

 

     = 1.3 and      = 1.25, 

   
      

         
  

       

       
          

   
     

         

        

       
  

                      

                     
       

 

B. Capacitor selection: 

The capacitor is derived by applying capacitor charge 
balance principle,  

  
    

  
 
 

   
   

 

   
    

  
 
 

     
       

 

 

      
  

      
                     

 

            
    

  
 
 

   
   

 

   
    

  
 
 

     
       

 

 

      
  

     
                   

 
Substitute (3) and (4) in capacitor current equations and by 
assuming      as 0.065 and      as 0.84, capacitor value 
can be calculated as, 
 

   
 

     

  
       

   
          

                   
        

    
    

         
  

          

         
       

IV. PROPOSED CONVERTER WITH PI 

CONTROLLER: 

A proportional–integral (PI) controller is a feedback control  
loop which consists of two tuning parameters, KP and Ki and 
by properly tuning these parameters diminishes steady state 
error. PI control is needed for non-integrating processes, it 
produces constant output for varying inputs and disturbances. 
Figure 4 presents the Simulink model of the modified 
network with PI controller. The operation of controller in 
feedback takes place by first subtracting the output voltage of 
the circuit with the constant value and the error value 
obtained is feedback as an input to the controller. The control 
signal attained from the controller block is given as the input  
to the relational operator where it is compared with the 
triangular waveform and the generated pulses from the 

relational operator are given to the switches along with the 
appropriate delay. 
The controller equation for PIC is as follows: 

                       

Where,      is the controller output. 
     is the error signal obtained from the difference of 
constant value and converter output. 
KP and Ki are proportional and integral constants. 
 

 
Fig 4: Simulink model of proposed topology  

 
Table I: Simulation parameters 

Parameters Value 

Input voltage 20 V 

Output voltage 200 V 

Rated power (P0) 100W 

Switching frequency 50 kHz 

Duty ratio (D) 0.65 

Inductor (L1, L2) 200µh, 800 µh 

Capacitor (C1, C2) 22µf, 100µf 

Resistor (RO) 400Ω 

V. SIMULATION RESULTS: 

Simulation is carried out based on the designed parameters  
given in Table I using MATLAB Simulink. The Simulink 
model of the proposed circuit with controller is represented in 
fig.4 and the simulated results with and without controller are 
shown below. 

 
Fig 5 (a) : varying input and constant output voltage of 

converter with controller 
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Fig 5 (b): converter output voltage without controller 

 

 
Fig 5 (c): input and output currents 

 

 
Fig 5 (d): inductor currents (il1, il2)  

 

 
Fig 5(e): Switch S1 voltage 

 

 
Fig 5 (f): Switch S2 voltage 

 
Fig 5(g): Diode D1 voltage 

 

 
Fig 5 (h): Diode D2 voltage. 

 
Figure 5 presents the simulation waveforms of the proposed  

circuit. Fig 5(a) shows the constant output voltage of the 
circuit with PI controller for alternative input voltages. Fig. 
5(b) shows the output voltage of 193 V for input voltage of 20 
volts and it is closed to the theoretically calculated value 200 
V and a voltage gain of 9.65 is observed. This comparison of 
output voltage between two circuits is shown in Table II for 
different input voltages. Fig. 5(c) displays the input and 
output current waveforms with the mean value of the input 
current = 5.8 A and the output current = 0.48 A which are 
close to theoretical values. Fig 5(d) shows the inductor 
currents iL1 and iL2 where maximum and minimum currents 
are iL1 (max) =5.4 A, iL1 (min) =4.16 A and iL2 (max) =2.25 A, iL2 

(min) =1.05 A. Hence, change in inductor current is     = 1.2 
A. Fig. 5(e) and fig. 5(f) represents the Voltage stress on 
switches, S1 = 56 V and S2 = 157 V respectively. Fig. 5(g) and 
fig. 5(h) shows voltage across diodes VD1 is 55 V and VD2 is 
211 V respectively, which are close to theoretical values. 

Table II: Comparison of output  for different input 
voltage. 

Input voltage 
(Volts) 

Output Voltage (Volts) 

Without PI controller With PI controller 

10  95  200  

20  193  200  

25  241  200  

30  292  200 

35   340  200  

40  388 200  

 
The table II  shows the comparison of the circuit with and  

without PI control. From the above results we can conclude 
that the preformance of the modified converter with 
controller achieves robust control on output voltage for 
varying inputs. The table III displays the comparative 
analysis of the proposed with base circuit. The high gain of  
the base topology is attained at maximum duty cycle, but the  
proposed converter achieved at lower duty cycle only and this 
comparative analysis of the  is shown in fig.6.  
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Also,  the stress on switches of proposed are comparatively 
less the base converter and this is represented in fig.7. And 
the proposed system is operated with two switches only.  
 

Table III : Comparison of proposed with base circuit: 
 Base topology Proposed topology 

Voltage Gain   

  

 
    

       

    
  

  

 
      

      
 

    
Duty Cycle D1 = 0.5 

D2 = 0.35 
It requires lowest 
duty cycle, D =0.65 

Voltage 
stress on 
Switches 

       
     

 
      

       

               

     = 56 V  

     = 157 V which 
is less than output 
voltage. 

Number of  
Switches 

3 2 
 

 
 

 
Fig.6: plot of voltage gain and duty cycle. 

 
Fig.7: voltage stress versus voltage gain 

VI. CONCLUSION 

The modified design, analysis and operation is discussed 
and the circuit is simulated using Simulink software to verify 
the circuit performance. The simulation results produce a 
voltage of 193V for an input of 20V and this proves that the 
high gain is achieved with minimum duty cycle of 0.65. In 
addition, voltage stress across devices are reduced. The 
proposed topology is simulated with and without PI 
controller and comparative analysis is carried out and 
simulated results represent that the robust control is achieved 
for varying input voltage and disturbances. 
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