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Abstract : In this paper, Multi device interleaved boost 

converter is studied and modeled. This converter has a high 

conversion ratio and achieves higher efficiency with reduced 

voltage and current stresses on the power semiconductor 

switches when compared with the conventional boost 

converter. Open loop and closed loop simulation with PI 

controller is done using MATLAB/SIMULINK and the 

results are compared. Hardware is done in the open loop 

and closed loop system using an FPGA with PI controller. 

Efficiency is obtained for different duty cycle and input 

voltage and compared to simulated results. A multi device 

structure with interleaved control is proposed to reduce the 

output voltage ripples with high efficiency for lesser duty 

cycle compared to other topologies. Experimental results are 

obtained for 20W, 40V prototype. The pulses are given 

through Spartan 6 FPGA which is programmed in VHDL 

coding. Simulation results are validated with hardware 

results.  

Index Terms— MDIBC, Modelling, Voltage mode control, PI 

controller, Efficiency, FPGA 

I. INTRODUCTION 

Transportation is one of the major causes of air pollution. 

Electric Vehicle (EV) has recently emerged as viable 

alternative that uses pollution free battery power to 

produce clean energy to power the Vehicle. However, this 

new situation and tremendous increase in growth of EV 

can create serious problems of power quality in existing 

grids, mainly in the parking installation area [1, 2]. Thus, 

growing presence of EV battery chargers in residential 

installation could increase the harmonic level in power 

distribution systems and which in turn causes to reduce 

the distribution transformer life [3].High gain step up 

DC-DC converters have gained popularity in power 

Electronics applications including Electric, plug in 

,hybrid and fuel cell vehicles. 

Field Programmable Gate Array (FPGA) technology has 

developed rapidly over the last few years. The 

reconfigurable nature along with their high speed and 

flexibility has contributed greatly to their widespread use 

in a large number of control and signal processing 

applications. Added to this is the ability to incorporate 

multiple soft-core microcontrollers along with 

combinational and sequential logic modules on a single 

FPGA chip even on one with modest number of gates. The 

major challenges in high step-up DC/DC converters are 

the following  

 How to extend the voltage gain and avoid the 

extreme duty cycle to reduce the current ripple and 

the conduction losses.  

 How to reduce the switch voltage to make low 

voltage MOSFETs available.  How to realize soft 

switching performance to reduce the switching 

losses.   

 How to alleviate the output diode reverse-recovery 

problem, How to increase the power level easily and 

reduce the passive component size. 

 These constrains are taken and they were analyzed to 

choose the best converter for fuel cell without galvanic 

isolation [4-6]. Especially designing a converter with low 

ripple in the input side is necessary for the fuel cell 

application system. Hence this project is mainly based on 

the ripple analysis, stress analysis and efficiency analysis 

of input current of different converter used for the fuel cell 

application system 

This paper is organized as follows. The mathematical 

modeling of MDIBC including the transfer function 

(control to output voltage) is reviewed in Section 

2.Modeling of MDIBC with PI controller is presented in 

Section3. Hardware results are compared with simulation 

results in Section 4. Some conclusions are given in Section 

5. 

II. MATHEMATICAL MODEL OF MDIBC 

 The converter acts as a time-invariant system while the 

transistor is on. While the transistor is off, the converter 

acts as another time-invariant system and if the inductor 

current reaches zero, the converter acts as yet another 

time-invariant system. If the transistor is controlled as 

described previously, the converter can be described as 

switching between different time-invariant systems during 

the switching period. Consequently, the converter can be 

modeled as a time-variant system. State-space averaging 

is one method to approximate this time-variant system 

with a linear continuous-time time-invariant system. This 
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method uses the state space description of each 

time-invariant system as a starting point.  

MDIBC has the highest gain ratio compared to all the 

other converters compared. But the duty cycle variation 

for this converter is applicable only till 0.49. Above that 

no output will be obtained. Even though the duty cycle is 

restricted to a very low value, high output is obtained than 

other converters. The modeling of MDIBC is done using 

state space averaging.  

 

Fig.1 MDIBC converter 

The state space variables are chosen and they are, 

IL – inductor current 

V (t) – capacitor voltage 

The general form of state space equation is, 

         (1) 

          (2) 

    (3) 

         (4) 

    (5) 

                    (6) 

          (7) 
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         (11) 
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         (21) 

         (22) 

 (23) 

After substituting the values for Duty cycle, R, L and C 

the control to output voltage transfer function  

 (3) 

This gives the transfer function of multi device 

interleaved boost converter. Bode plot is drawn with this 



.International Journal on Advanced Electrical and Computer Engineering (IJAECE) 

_______________________________________________________________________________________________ 

 

_______________________________________________________________________________________________ 

ISSN(Online): 2349-9338, ISSN(Print): 2349-932X Volume -1, Issue -1, 2014  

20 

transfer function by assuming the values of inductance 

and capacitance. Thus the open loop system can be 

analyzed and the stability of the system could be found. 

Equation (23) gives the derived transfer function of 

control to output voltage. 

Figure 2 shows the graph of voltage gain versus duty 

cycle. Phase margin obtained from the bode plot is very 

low as shown in figure 3 and the pole zero plot shows that 

the zero lies in the RHP plane(figure 4) tells that the 

converter is not stable. 
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Fig 2. Voltage gain Vs duty cycle 

 
 

Fig 3, Bode plot of control to output voltage transfer 

function with gain and phase margin 

 

 
 

Fig 4. Pole zero map of transfer function 

III. MODELING OF MDIBC WITH PI 

CONTROLLER 

The general equations are written for the MDIBC 

converter. The equations   are used to model the converter. 

The input voltage and duty cycle are given as inputs in the 

modelling without PI controller. With PI controller, the 

reference voltage is set as input. 

                (24) 

              (25) 

            (26) 

 = {    (27) 

 
Fig 5. Open loop response of MDIBC 

 

Fig 6. Closed loop response of MDIBC 

Figure 5 and 6 shows that the open loop and closed loop 

response of MDIBC converter. It is clear that the 

converter reaches a steady state much earlier with PI 

controller than without PI controller 

IV. HARDWARE IMPLEMENTATION 

TABLE 1 

TWO PHASE MDIBC SPECIFICATION 

Device Specification 

Power MOSFET IRF460-500V, 50A 

Power diodes ByQ28E-200E, 200V, 10A 

Inductor 210uH 

Capacitor 330uF 

FPGA Spartan-6 

Table 1 shows the device specification. In order to 

improve the efficiency and to reduce the output voltage 

ripples of the converter, closed loop implementation of 

MDIBC is done using FPGA and PI Controller. The 

combination of proportional and integral terms is 

important to increase the speed of the response and also to 

eliminate the steady state error. The PID controller block 

is reduced to P and I blocks only. Proportional + Integral 

(PI) controllers were developed because of the desirable 

property that systems with open loop transfer functions of 
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type 1 or above have zero steady state error with respect to 

a step input. 

Tuning PI Controllers- General approach to tuning: 

1. Initially have no integral gain (TI large) 

2. Increase KP until get satisfactory response 

3. Start to add in integral (decreasing TI) until the steady 

state error is removed in satisfactory time. 

 
(a) 

 
(b) 

 

 
(c) 

Fig. 7. Simulated results (a) Pulse output(D=30%) 

(b)output voltage(d=30%) (c) Output voltage (d=20%) 

 
Fig. 8.  Measured Output voltage ripples –Open loop 

 
(d) 

 
(e) 

 
(f) 

Fig. 9 Experimental results. (a) Pulse ouput(D=30%)     

(b)output voltage(d=30%) (c) Output voltage (d=20%) 

 
Fig.10. Measured output voltage ripples-Closed loop 

 
Fig.11. Closed loop response with FPGA 
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Fig. 12. Hardware implementation of MDIBC 

 
(a) 

 

(b) 

Fig.13. Experimental setup.  (a) Open loop (b) Closed loop 

Complete experimental setup for open loop and closed 

loop system is shown in figure 13. Figure 7 and 9 shows 

the pulse output and output voltage obtained from 

simulation and hardware system. Hardware results are 

validated from the simulation results.Spartan-6 FPGA is 

used to obtain the pulses for both open loop and closed 

loop system. 

Spartan-6 FPGA delivers an optimal balance of low risk, 

low cost, and low power for cost-sensitive applications, 

now with 42% less power consumption and 12% 

increased performance over previous generation devices. 

Spartan-6 FPGAs offer advanced power management 

technology, up to 150K logic cells, integrated PCI 

Express® blocks, advanced memory support, 250MHz 

DSP slices, and 3.2Gbps low-power transceivers. The 

Spartan-6 FPGA family comprises of two 

domain-optimized sub-families with a mix of features 

matched to stringent market requirements for 

price-sensitive, high-volume applications [7, 8]. Figure 

12 shows the hardware implementation of MDIBC with 

PI controller and FPGA .The results obtained in the 

closed loop system as shown in figure 11 is validated with 

the results obtained from simulation of MDIBC as shown 

in figure 6.  

The ripples in the Input current of DC-DC converter can 

be reduced by 

(i)  Increasing Switching frequency. 

(ii) Increase Inductance value 

The First condition increases the losses in the converter 

(Switching loss) which in turn reduces the efficiency of 

the converter. The second condition increases the weight 

and volume of the converter. Easy way to reduce the size 

of the inductor and capacitor is by increasing the 

frequency of the inductor current ripple and the output 

voltage ripple. Figure 8 and 10 shows the measured output 

voltage ripples obtained from the prototype. It is clear that 

the ripples obtained in the closed loop as shown in 

figure10 is reduced to greater amount as compared to the 

ripple output obtained in the open loop system. Figure 14 

and 15 gives the efficiency curve of MDIBC for both open 

loop and closed loop system. 
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Fig 14. Efficiency Vs input voltage of  MDIBC –Open loop 
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Fig 15. Efficiency vs duty cycle of MDIBC –closed loop 

V. CONCLUSION 

An Interleaved multi device boost converter operates 

efficiently with reduced voltage stress. The main 

drawback related to this topology output voltage ripple. In 
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order to reduce the ripple, a thorough study on MDIBC 

was made and modeling of the converter was also done. 

Simulation was done for both open loop of MDIBC and 

closed loop modeling of MDIBC with PI controller. Hard 

ware prototype was created for both open loop and closed 

loop with FPGA and PI controller. The ripple content in 

the closed is found to be much lesser in the open loop. 

Also using PI controller, the output attains a steady state 

much faster. 
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