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Abstract: This paper presents a design and simulation of DC/DC boost converter. This system has a nonlinear 

dynamic behavior, as it work in switch-mode. Moreover, it is exposed to significant variations which may take 

this system away from nominal conditions, due to changes on the load or on the line voltage at the input. The 

input usually is obtained by PV array and therefore the design and simulation in this paper covers 

 

I. INTRODUCTION 
The DC/DC converters are widely used in regulated switch mode DC power supplies. The input of 

these converters is  an unregulated DC voltage, which is obtained by PV array and therefore it will be fluctuated 

due to changes in radiation and temperature. In these converters the average DC output voltage must be 

controlled to be equated to the desired value although the input voltage is changing. From the energy point of 

view, output voltage regulation in the DC/DC converter is achieved by constantly adjusting the amount of 

energy absorbed from the source and that  injected into the load, which is in turn controlled by the relative 

durations of the absorption and injection intervals. These two basic processes of energy absorption and injection 

constitute a switching cycle.  Intuitively speaking, if the energy storage capacity of the converter is too small  or 

the switching period is relatively too long, then the converter would have transmitted all the stored energy to  
the load before the next cycle begins. This introduces an idling period immediately following the injection 

interval, during which the converter is not performing any specific task [1,2,3]. The converter can therefore 

operate in two different modes depending upon its energy storage capacity and the relative length of the 

switching period. These two modes are know as the discontinues conduction and continuous modes. 

Graphically model of the boost converter is shown in Fig. 1. The full details of the boost converter 

topology have been already discussed in [4,5,6]. The DC/DC boost converter only needs four external 

components: Inductor, Electronic switch, Diode and output capacitor. The converter can therefore operate in the 

two different modes depending on its energy storage capacity and the relative length of the switching period. 

These two operating modes are known as the discontinuous conduction mode, DCM, and continuous conduction 

mode, CCM, corresponding to the cases with and without an idling interval respectively [6,7]. 

 

II. METHODOLOGY 
2-1 Conversion modes  

The DC/DC converter has two modes, a Continuons Conduction Mode, CCM for efficient power conversion 

and Discontinuons Conduction Mode DCM for low power or stand-by operation, 

 

 
 

2-1-1 Continuons Conduction Mode 

Mode 1 (0<tton) 
Mode 1 begins when IGBT's is switched on at t=0 and terminates at t=ton. The equivalent circuit for the mode 1 

is shown in Fig. 2a. The inductor current iL(t) greater than zero and ramp up linearly. The inductor voltage is Vi. 

Mode 2 (ton<tTs) 
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Mode 2 begins when IGBT's is switched off at t=ton and terminates at t=Ts. The equivalent circuit for the mode 2 

is shown in Fig. 2b. The inductor current decrease until the IGBT's is turned on again during the next cycle. The 

voltage across the inductor in this period is Vi-Vo. 
Since in steady state time integral of the inductor voltage over one time period must be zero. 
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III. APPLICATION AND RESULTS 
3-1 Design DC/DC Boost converter 

A computer program has been designed to  compute all inductances and capacitances for all duty cycle 

i.e for all radiations. To ensure DCM for these operating conditions the inductance have been chosen at a value 

smaller than the critical inductance and for this converter is set at 0.67 mH, 78 H and 22 H for variation of the 
load from 12kW, 200 kW and 500 kW respectively. Figures 4 & 5 show the value of critical inductance for 

critical conduction mode  operation over the input voltage range i.e. for all radiation change. Figure 6 shows the 

relation between output capacitance and duty cycle. From this Figure it can be seen that required capacitance 

Creq  3500F 
 

 
Fig. 4 Relation Between Duty Cycle and Critical Inductance. 

 

 
Fig. 5 Relation Between Input Voltage and Critical Inductance. 
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Fig. 6 The Relation Between Output Capacitance and Duty Cycle. 

 

3.2   Simulation of DC/DC Converter 
To verify the response of the converter as online algorithm, a complete dynamic model of PV array and 

DC/DC converter scheme have been simulated by Matlab/Simulink software [10],[11]. The DC/DC converter 

has been simulated for variation of the load from 12 kW, 200 kW and 500 kW respectively. The simulink block 

diagram of a boost converter and its controller is shown in Fig 7. The model's input is taken power from solar 

cells array and the output of the model is fed to the load demand. The output voltage from PV array, Vdcpv 

which is the input to boost converter is shown in Fig. 8. The PV array has been tested for load change due to 

change in solar radiation. The load set 12 kW at 9.30 A.M. for solar radiation 0.2 kWh/m2, 200 kW at 11.00 

A.M. for solar radiation 0.6 kWh/m2 and finally to 500 kW at 1.00 A.M. for solar radiation 1.0 kWh/m2 and 

then back to 200 kW then 12 kW as shown in Fig. 9. 

 

 
 

Fig. 7 Simulink Model for the Boost Converter with the Online Algorithm. 

 

 
Fig. 8 Output Voltage from PV Solar Cells array due to Change of Radiation. 
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Fig. 9 Load curve during the Day. 

 

Simulations have been run at various loads to check the approximate boundary condition of the 

inductor and the soft switching of the devices. Once the simulation have been completed, the simulated response 

of diode's current and inductor's current for a radiation of 0.2 kW/m2 and load 200 kW, and 1.0 kW/m2 and load 

500 kW are shown in Fig. 10 and Fig. 11. Also, Fig. 12, Fig. 13 and Fig. 14 show the input voltage and output 

voltage at a radiation of 0.20 kW/m2, 0.6 kW/m2 and 1.0 kW/m2 respectively. On the other hand Fig. 15, Fig. 16 

and Fig. 17 show the IGBT's current, Ic and collector to emitter voltage, Vce at a radiation of 0.2 kW/m2, 0.6 

kW/m
2
 and 1.0 kW/m

2
 respectively. 

 
Fig. 10 Simulated Response of Diode's Current and Inductor's Current at Radiation of 0.2 kw/m2 

 

 
Fig. 11 Simulated Response of Diode's Current and Inductor's Current at Radiation of 1.0 kw/m2 
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Fig. 12 Simulated Response of Input Voltage and Output Voltage at Radiation of 0.2 kw/m2 

 

 
Fig. 13 Simulated Response of Input Voltage and Output Voltage at Radiation of 0.6 kw/m2 

 

 
Fig. 14 Simulated Response of Input Voltage and Output Voltage at Radiation of 1.00 kw/m2 
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Fig. 15 Simulated Response of IGBT's Current and Collector-Emitter Voltage at Radiation of 0.2 kw/m2 

 

 
Fig. 16 Simulated Response of IGBT 's Current and Collector-Emitter Voltage at Radiation of .6 kw/m2 

 

 
Fig. 17 Simulated Response of IGBT 's Current and Collector-Emitter Voltage at Radiation of 1.0 kw/m2 

 

The simulated response of output voltage is displayed in Fig. 18 for all radiation condition during the 

day. On the other hand, the simulated inductor current, diode current and IGBT's current for all periods i.e.  for 

all variation of radiation during the day are shown in Fig. 19, Fig. 20 and Fig. 21 respectively. Finally, from all 

the above figures, overall converter works well. The output voltage variation can be resolved with the inverter 

control strategy. 

 

 
Fig. 18 Simulated Response of Output Voltage due to change of Radiation during the Day 
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Fig. 19 Simulated Response of Inductor Current due to change of Radiation for all Day 

 

 
Fig. 20 Simulated Response of Diode Current due to change of Radiation during the Day 

 

 
Fig. 21 Simulated Response of IGBT's Current due to change of Radiation during the Day 

 

IV. CONCLUSION 
This paper concerns with design and simulation of DC/DC boost converter to operate in PV system. 

From the results obtained above, the following are the salient conclusions that can be drawn from this paper: 

 Design the DC/DC converter for all operating condition have studied and proposed. 

 Detailed modeling and simulation of a DC/DC converter connected to PV system have proposed. 

 Boost inductor is chosen to be 0.67 mH, 78µH and 22µH for variation of the load from 12kW to 500kW. 

 Boost capacitance is chosen to be greater than or equal 3500µF for variation of the load from 12kW to 
500kW. 
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