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Abstract: 

This paper presents an interleaved high step-down conversion ratio buck converter with closed loop control for low switch voltage 

stress. In this converter two input capacitors are series -charged by the input voltage and parallel discharged by a new two-phase 

IBC (Interleaved Buck Converter) for providing a much higher step-down conversion ratio without adopting an extreme short 

duty cycle. Based on the capacitive voltage division, the new voltage-divider circuit in the converter will storing energy in the 

blocking capacitors for increasing the step-down conversion ratio in addition to reducing voltage stresses of active switches. As a 

result, the converter possesses the low switch voltage stress characteristic. This will allow us to choose lower voltage rat ing 

switches to reduce both switching and conduction losses, and the overall efficiency is also imp roved. Also the converter features 

automatic uniform current sharing characteristic of the interleaved phases due to the charge balance of the blocking capacito r, 

without adding extra circuitry or complex control methods. 
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I. Introduction 

Nowadays high performance dc – dc converters are required 

for increasing high step-down conversion ratio with high 

output current applications like VRMSof CPU boards and 

battery chargers, and distributed power systems[1]-[4]. 

Interleaving technique connects dc-dc converters in parallel 

to share the power flow between two or more conversion 

chains it implies a reduction in the size, weight and volume 

of inductors and capacitors. Also a proper control of the 

parallel converters increase the ripple frequency and reduces 

the ripple waveforms at the input and output of the power 

conversion system,which leads  significant reduction  of 

current, voltage ripples and filter capacitor size. Therefore 

the interleaved buck converters has received a lot of attention 

in non-isolation applications with low output current ripples.   

 

II. General Background 

In conventional IBC[5] the active switch devices suffer from 

the input voltage, therefore high voltage device rated above 

the input voltage should be applied. These high voltage 

devices are generally with large on state resistance, severer 

reverse recovery, high cost and high voltage drop. These 

limit the switching frequency also it experiences an 

extremely short duty cycle in case of high input and low 

output voltage applications.  To deal with the small duty 

cycle of the conventional IBC in high input and low output 

voltage application an extended multiphase topology has 

been proposed[6]. In this topology possess very efficient 

input voltage dividers which will reduce the switching 

voltage and associated losses. But in this converter also the 

voltage stress remains high. In this paper an interleaved 

highstep-down conversion ratio buck converter with closed 

loop control for low switch voltage stress is proposed [7]. 

This converter charges two input capacitors in series and get 

discharged in parallel through the two phase IBC for 

providing a very high conversion ratio without a very short 

duty cycle. The voltage divider circuit at the input side helps 

in both increasing step-down conversion ratio and reducing 

the voltage stress of the active switches. Closed loop control 

is achieved using proportional integral derivative controller 

(PID) controller. 

 

III. Operating Principle  

The proposed IBC is shown in Figure 1.From the Figure 1 

one  can see that the proposed converter consists of two 

inductors, four active power switches, two diodes, and four 

capacitors. The operating principle of the proposed converter 

can be classified into four operation modes. The interleaved 

gating signals with an 180◦ phase shift is used.CCM mode 

operation of the converter is explained below. In DCM, there 

is not enough energy transfer from the blocking capacitors to 

the inductors, output capacitors, and load side, ands, 

consequently, it is not possible to get the charge balance of 

the blocking capacitor, and then the automatic uniform 

current sharing property will be lost. Hence additional 

current sharing control between phases will be required.  

 

3.1 Mode1 Operation 

In this mode, S1a, S1b, and D1 are turned on, while S2a, S2b, 

and D2 are turned off. The corresponding equivalent circuit is 

shown in Figure 2. From  Figure 2 one can see that, during 

this mode, current iL1 freewheels through D1, and L1 is 

releasing  energy to the output load. However, current iL2 

provides two separate current paths through CA and CB. The 

first path starts from C1, through S1a, CA, L2, CO and R, and 

D1 and then back to C1 again. Hence, the stored energy of C1 

is discharged to CA, L2, and output load. 

 

 
Figure 1: Circuit d iagram of the proposed converter 
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The second path starts from CB , through L2, CO and R, and 

S1band then back to CB again. So in other words, the 

storedenergy of CBis discharged to L2 and output load. 

Therefore, during this mode, iL2 is increasing, and iL1 is 

decreasing. Also from Figure 2 one can write that : 

 

 

 

     

  

 

 

 

 

 

 
Figure 2: Mode 1 operation  

 

3.2 Mode 2 Operation 

In this mode, S1a, S1b, S2a, and S2bare turned off. The 

corresponding equivalent circuit is shown in Figure 3. From 

Figure 3 one can see that both iL1 and iL2 are freewheeling 

through D1 and D2, respectively. VL1 and VL2 are equal to 

−VCO, and hence, iL1 and iL2 decrease linearly . 
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Figure 3: Mode 2 operation  

 

3.3 Mode 3 operation 

In this mode, S2a, S2b, and D2are turned on, while S1a, S1b, 

and D1 are turned off. The corresponding equivalent circuit 

is shown in Figure 4. From Figure 4, one can see that, in this 

mode, current iL2 is freewheeling through D2, and L2 is 

releasing energy to the output load. However, current iL1 

provides two separate current paths through CA and CB. The 

first path starts from C2, throughL1, CO and R, D2, CB, and 

S2a and then back to C2 again. Hence, the stored energy of 

C2 is discharged to CB, L1, and output load. The second path 

starts from CA, through S2b, L1, CO and R, and D2 and then 

back to CA again. Otherwise the stored energy of CA is 

discharged to L1 and output load. Therefore, during this 

mode, iL1 is increasing, and iL2 is decreasing. From figure 4 

one can write that: 
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Figure 4: Mode 3 operation  

 

3.4 Mode 4 Operation 

In this operation mode, as can be observed from Figure 2, 

S1a, S1b, S2a, and S2bare turned off. The corresponding 

equivalent circuit  turns out to be the same as Figure 2, and its 

operation is the same as that of mode 2.  

From the above illustration of the proposed converter, one 

can see that not only the operations of two phase are both 

symmetric but also the control is very simple and rather easy 

to understand. 

1. Steady State Analysis 

To simplify the circuit analysis the following assumptions 

are made 

1) All components used are ideal 

2) The capacitors are large enough such that voltage 

across them remain constant. Also C1=C2  

3) The converter is operating under steady state CCM 

with duty ratio lower than 0.5 for a very high step-down 

conversion ratio. 

 

1.1 Conversion Ratio 

Referring to Figure 2 and 4 from the volt–second relationship 

of inductor L1 (or L2), one can obtain the following 

relations: 
       

     
       (12) 

       
     

             (13) 

Also, from the equivalent circuits in Figure 2 and 4 voltages 

VC1, VC2, VCA, and VCB can be derived as follows:  

        
   

 
                                                                             

The output voltage can be obtained by substituting () in to () 

or () as follows: 

        
   

 
                     (15) 

Thus, the conversion ratio M of the proposed converter can 

be obtained as follows: 
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4.2 Voltage Stress on Semiconductor Components 

In the voltage stress analyses of the components of the 

converter, the voltage ripples on the capacitors are ignored. 
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The voltage stresses on diodes D1 and D2 can be obtained 

directly as shown in the following equation: 

                
   

 
(17) 

From the equalent circuits of mode 1 and 3 the voltage stress 

on active power switches is given by: 

                           
   

 
 (18) 

         
   

 
    (19) 

 

4.3 Performance Comparison 

For demonstrating the performance of the proposed 

converter, the proposed converter is compared with 

conventional IBC and extended duty ratio IBC as shown in 

Table 1 

Table 1: Comparison of steady state characteristics. 

5 Control Scheme 

The closed loop PI controller is used in the proposed 

converter to achieve the desired output voltage. The PI 

controller continuously calculates an error value as the 

difference between a measured process variable and a desired 

set point. The controller attempts to minimize error over time 

by adjustment of a control variable. PI controllers are fairly 

common, since derivative action is sensitive to measurement 

noise. PI controller is implemented here due to its several 

advantages. Steady state error resulting from P controller is 

easily overcome by the use of PI controller. However, the 

controller possess negative effect in terms of overall stability 

of the system, it has a negative impact. This controller is 

mostly employed in areas where speed of the system is not a 

matter of significance. It also serves the purpose of the 

converter by achieving voltage regulation. Figure 5 shows 

the block diagram of control scheme.  

 
Figure 5: Block diagram of control scheme  

 

 

6. Simulation Results And Discussion 

The closed loop control of high conversion ratio interleaved 

buck converter for reduced voltage stress is  simulated by 

using MATLAB (Simulink) software. For simulation 400V 

input, 25V output and 400W rat ing model of the proposed 

converter is considered. The switching frequency is chosen to 

be 40KHz.. 

 
Figure7: Matlab Simulink model of the proposed converter 

Figure 7 shows the MATLAB Simulink model of the 

proposed converter. The value of input and blocking 

capacitors are 250μF and 10μF respectively. The value of 

input inductors is  chosen as 250μH. 

 
Figure 8: input and output wave 

Figure 8 shows the input voltage and output voltage 

waveforms respectively. From these waveforms it is clear 

that the proposed converter possesses a very high step-down 

conversion ratio. 

 
Figure 9: Gat ing signals to switches 

Figure 9 shows the waveforms of gating signals to the active 

switches at 180
0
 phase shift. Here the duty ratio is set to be 

0.25 for continuous conduction mode of operation. 

Figure 11 shows the voltage across the switches. It is clear 

from the waveform that the voltage stress are as given by the 

equations. 

 
Figure 10: Inductor currents 

Figure 11: Voltage across the switches 

Gain/Stress Conventio

nal IBC 

Multi-phase  

IBC 

PIBC 

Conversion 

ratio 

D D/2 D/4 

Voltage 

stress of 

switches Sa 

1 ½ S1a 1/

2 S1b 

Voltage 

stress of 

switches  

1 1 S2a 1/

4 

S2b 1/

2 

Voltage 

stress of 

diodes 

1 ½ 1/4 
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7. Conclusion 

The proposed converter topology possesses high step-down 

conversion ratio and low switch voltage stress characteristic. 

Low switch voltage stress characteristic will allow one to 

choose lower voltage rating MOSFETs to reduce both 

switching and conduction losses, and the overall efficiency is 

consequently improved. The closed loop PI controller 

controls the error effectively and gives the desired output 

voltage. Moreover, due to the charge balance of the blocking 

capacitor, the converter features automatic uniform current 

sharing characteristic of the interleaved phases without extra 

circuit ry or complex methods. 

 

IV. REFERENCES  

 

[1] Ching-Tsai Pan,” A Novel Transformerless 

Interleaved High Step-Down Conversion Ratio DC–DC 

Converter With Low Switch Voltage Stress”, ieee 

transactions on industrial electron ics, vol. 61, no. 10, october 

2014 

 

[2] L. Sung-Sae, “Step-down converter with efficient 

ZVS operation with load variation,” IEEE Trans. Ind. 

Electron, Jan. 2014 

 

[3] I.-O. Lee, S.-Y. Cho, and G.-W. Moon, “Interleaved 

buck converter having low switching losses and improved 

step-down conversion ratio,” IEEETrans. Power Electron., 

Aug. 2012. 

 

[4] D. D.-C. Lu and V. G. Agelid is, “Photovoltaic-

battery-powered dc bus system for common portable 

electronic devices,” IEEE Trans. PowerElectron., Mar. 2009. 

 

[5] Y. M. Chen, S. Y. Teseng, C. T. Tsai, and T. F. Wu, 

“Interleaved buck converters with a single-capacitor turn-off 

snubber ,” IEEE Trans. Aerosp.Electron. Syst, Jul. 2004. 

 

[6] Vítor  monteiro1, J. G. Pinto1, bruno exposto1, luís 

F. C , “A novel concept of unidirectional bridgeless 

combined boost-buck converter for EV battery chargers”,. 

Monteiro2, carlos couto1, joão L. Afonso11algoritmi 

research centre – university of minho, guimarães  – Portugal. 

 

[7] [1] D. D.-C. Lu and V. G. Agelidis, “Photovoltaic-

battery-powered dc bus system for common portable 

electronic devices,” IEEE Trans. Power Electron., Mar. 2009. 

 

[8] K. Sun, L. Zhang, Y. Xing, and J. M. Guerrero, “A 

distributed control strategy based on dc bus signaling for 

modular photovoltaic generation systems with battery energy 

storage,” IEEE Trans. Ind. Electron., vol. 26, no. 10, pp. 

3032–3045, Oct. 2010. 

 

[9]  H. R. E. Larico and I. Barb i, “Three -phase push–

pull dc–dc converter Analysis, design, experimentation,” 

IEEE Trans. Ind. Electron., Dec. 2012. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


