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Abstract- This paper provides a high-step-up non-isolated interleaved DC-DC converter with a common buck-boost clamp. In the 

presented converter, the coupled-inductor boost converters are interleaved to achieve high step up power conversion with reduced duty 

ratio. A bidirectional buck boost converter is used to clamp the voltage stresses of all the switches in the interleaved converters, 

caused by the leakage inductances present in the practical coupled inductors, to a low voltage level. PID controller is used to provide 

gate pulses to the buck-boost converter. Thus, efficiency can be improved. The simulation results declare that the converter has high 

efficiency and high-step-up ratio. 

Index terms–Clamp boost converter; coupled inductor boost converter, interleaving, DC-DC power converter. 

_________________________________________________________________________________________________________

INTRODUCTION 

High step-up dc–dc converters are widely employed as the 

front-end stage for the battery sources and the renewable 

energy applications such as the solar arrays, the fuel cells and 

the super capacitors [1]–[3]. In many applications, high-

efficiency, high-voltage step up dc–dc converters are required 

as an interface between the available low voltage sources and 

the output loads, which are operated at much higher voltages. 

Examples of such applications are in different distributed 

energy storage components such as batteries, fuel cells, and 

ultra-capacitors are used in the power trains of hybrid electric 

vehicles (HEV), electric vehicles (EV), and fuel cell vehicles 

(FCV). The telecom and the computer industry utilize the 

standard batteries, with low voltage levels, as a back-up power 

source [4], [5]. A boost converter is used to boost the input DC 

voltage. The communication power system, such as the VR 

applications calls for high-efficiency, large-current and high 

step-down converters [6]–[8]. The large current and the high 

voltage stress at the low voltage side are the major concerns in 

high step-up or high step-down conversions. Low-voltage and 

high performance power devices are required at the low voltage 

side to reduce the conduction losses due to the large current. By 

using a conventional boost converter, the duty ratio is increased 

when the output to input voltage ratio is increased since the 

relation is  𝑉𝑜 = 𝑉𝑖 (1 − 𝛼)⁄  where Vo is the output voltage, 

Vi the input voltage and α is the duty cycle. The duty cycle is 

the time that it spends in an active state as a fraction of the total 

time under consideration i.e. ratio of ON period to OFF period. 

For applications that require high-voltage step-up and high-

efficiency power conversion, the conventional boost converters 

require extreme duty ratios. So it is a major challenge to 

operate the boost converters at high efficiency. This is because 

with the high-output voltage the boost switch has to block a 

large voltage and hence the ON-state resistance will be very 

high. The low-level input voltages cause large input currents to 

flow through the switches. The extreme duty-cycle operation 

also causes severe diode reverse recovery problem and 

increases conduction losses. The high ON-state resistance of 

the switches, the increased conduction losses, and the severe 

reverse-recovery problem will degrade the efficiency and limit 

the power level of the conventional boost converters. The 

parasitic ringing induces additional voltage stresses and 

necessitates the use of switches with higher blocking voltage 

ratings which will lead to more losses. By using a coupled-

inductor boost converter the problems of the conventional 

boost converter can be mitigated. This is because the turns ratio 

of the primary inductor (L1) to the secondary inductor (L2) of 

the coupled inductor can be effectively used to reduce the duty 
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ratio and the voltage stress of the switch. Therefore for high-

voltage step-up applications the coupled inductor boost 

converter can be more efficient than the conventional boost 

converter. For high power and high-input current, it can be 

proposed to interleave the coupled-inductor boost converters to 

process high power, and to achieve high efficiency and high 

reliability with reduced size inductors and capacitors. A single 

buck-boost clamp circuit can be proposed, in which the energy 

stored in leakage inductances of all the interleaved coupled-

inductor boost converters are gathered in a common clamp 

capacitor [20]. In each of the interleaved units, a clamp diode is 

connected from the common node of the coupled inductors to 

the clamp capacitor for providing the discharge path of the 

leakage energy. Therefore, only the leakage currents flow 

through the clamp diodes; this makes the clamping operation 

efficient. A buck-boost converter is used to recycle the leakage 

energy, gathered in the clamp capacitor, to the output of the 

interleaved converter. The buck-boost converter is controlled to 

keep the clamp-capacitor voltage to a low level, and hence, the 

voltage stress on the switches is low. This allows the use of 

low-voltage and high- performance devices. 

COUPLED-INDUCTOR BOOST CONVERTER AND 

INTERLEAVING TECHNIQUE 

Coupled-inductor Boost Converter 

By using coupled-inductor boost converter [Fig. 1]the duty 

ratio and the voltage stress of the switch can be reduced by 

effectively utilizing the turns ratio of the primary inductor (L1 ) 

to the secondary inductor (L2) of the coupled inductor [5], [16], 

[21]–[24]. Therefore, for high-voltage step-up applications    , it 

is more efficient to use coupled inductor boost converter than 

the conventional boost converter. 

 

 

 

 

 

 

Fig. 1 Coupled-inductor boost converter 

 Assume that the ideal coupled-inductor boost converter is 

operating under continuous conduction mode. The waveform of 

the primary side inductor current or the input current iL1 is 

shown in Fig.2. The dynamic equation of the input current can 

be defined   

𝑑𝑖𝐿1

𝑑𝑡
= {

𝑣𝑖

𝐿1
, 𝑡𝜖[0, 𝑑𝑇]

𝑣𝑖 − 𝑣𝑜

𝐿1

1

𝑁 + 1
, 𝑡𝜖[𝑑𝑇, 𝑇]

 

where vi is the input voltage, vo is the output voltage, d is the 

duty ratio of the converter, T is the switching time period, and 

N is the secondary inductor turns to primary inductor turns 

ratio. 

 

 

 

 

 

 

 

 

Fig.2Gate pulses and primary inductor current of an ideal 

coupled-inductor boost converter. 

 The steady-state operating points of the converter can be 

defined as: Vi = vi , Vo = vo , and D = d. Using (1), under 

steady state, the output voltage to input voltage ratio (2) can be 

obtained by applying the volt-second balance condition to the 

primary inductorL1. 

 

𝑉𝑜

𝑉𝑖
=

1 + 𝑁𝐷

1 − 𝐷
 . (1) 

It can be seen from (2) that, for the same voltage gain, the duty 

cycle can be reduced by increasing turn ratio. Considering, the 

coupling between the primary and secondary inductors is ideal; 

the voltage stress Vcl on the switch can be obtained as 

 

𝑉𝑐𝑙 =
𝑁𝑉𝑖 + 𝑉𝑜

𝑁 + 1
  . (2) 

The switch ON-state resistance RDS-ON varies almost 

proportionally with the square of the switch voltage rating. 

Hence, the conduction loss in the switch of a coupled-inductor 

boost converter is a function of the turn ratio and the voltage 

step-up ratio. It would be a merit of interest to compare the 

switch conduction losses of a boost converter (Wsb) and a 

coupled inductor boost converter (Wsc).  
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Interleaving Technique 

The interleaving technique can be viewed as a variation of the 

paralleling technique, where the switching instants are phase 

shifted over a switching period [10]. By introducing an equal 

phase shift between the paralleled power stages, the output-

filter-capacitor ripple is lowered due to the ripple cancellation 

effect. As a result, the size of the output-filter capacitance can 

be minimized. In high power applications the voltage and 

current stress can easily go beyond the range that one power 

device can handle. Thus handling of very large input currents 

from the low-input voltage sources is a problem. Converter 

using magnetically coupled inductors is used to reduce to the 

extreme duty ratio operation for non-isolated high step-up 

applications. But they are not suitable for high current and high 

power applications, and these circuits are complex to design 

and model. Multiple power devices connected in parallel or 

series could be one solution. However, voltage sharing and 

current sharing are still the concerns. Instead of paralleling 

power devices, paralleling power converters is another solution 

which is more advantageous. For high-input current, it can be 

proposed to interleave the coupled-inductor boost converters to 

process high power, and to achieve high efficiency and high 

reliability with reduced size inductors and capacitors. The 

schematic diagram of the proposed interleaved coupled-

inductor boost converter is shown in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

Fig.3 Interleaved coupled-inductor boost converter. 

The other advantages of interleaving technique is harmonic 

cancellation, better efficiency, better thermal performance, and 

high power density can be obtained. With the interleaving 

architecture increased output power may be supplied by adding 

additional identical modules. The effectiveness of ripple 

cancellation is a function of the converter duty ratio and the 

interleaving channel number. At certain condition the ripple 

can even be totally eliminated such as 2-channel interleaving 

with 50% duty ratio. In this approach, a single coupled-inductor 

boost converter cell is treated as a phase and n such phases are 

connected in parallel and operated at the same switching 

frequency. Furthermore, all the phase are operated at the same 

duty ratio, but they are phase shifted by 2π/n radian electrical 

angle The number of parallel phases n in an interleaved 

converter mainly depends on the maximum power demand of 

the load and the maximum power rating of the interleaved 

phases. 

INTERLEAVED COUPLED-INDUCTOR WITH A 

CLAMP BUCK-BOOST CONVERTER 

In the practical coupled inductors, due to the non-ideal 

coupling between the primary and the secondary windings, 

there will be leakage inductances. This leakage inductance will 

cause high-voltage spikes when the switch is turned off. This 

results in a high-voltage stress across the switches and in 

ringing losses. It can be proposed to clamp the switch voltage 

to the output voltage, using a parallel diode. By using the clamp 

circuit, the energy stored in the leakage inductance is 

discharged directly to the output by the parallel diode, and the 

switch voltage is clamped to the output voltage. This converter 

avoids the disadvantage of series conduction loss of the total 

power, but the switch voltage stress becomes equal to the 

output voltage. So this configuration does not take full 

advantages of the coupled-inductor boost topology, and hence, 

it is not suitable for high-step-up application where the output 

voltage level is high. To lower the voltage stress on the 

switches close to the level of the voltage stress present in an 

ideal coupled-inductor boost converter, a common active-clamp 

circuit based on a buck- boost converter can be proposed, as 

shown in Fig. 4. In the proposed active clamp circuit, in each 

phase, a clamp-diode (Dc1, Dc2, Dcn) is connected to the 

common node of the primary inductor, the secondary inductor, 

and the switch of an interleaved coupled-inductor boost 
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Fig.4 Proposed interleaved coupled inductor boost 

converter with a buck boost converter clamp (for n=3) 

The cathode terminals of all the clamp diodes are connected to 

a clamp capacitor Cc . The energies stored in the leakage 

inductors of the interleaved phases are discharged through the 

clamp diodes and gathered in the clamp capacitor Cc. 

Furthermore, the cascaded buck boost converter is used to 

transfer the stored energy in the clamp capacitor to the output 

of the interleaved converters, while maintaining the voltage 

level of the clamp capacitor to a lower level [Fig. 4]. Then 

voltage stress on the switches (S1, S2, . . . Sn) is decided by this 

clamp-capacitor voltage. It can be suggested that any other 

converter topology, which can perform similar boost operation 

while maintaining the voltage level of the clamp capacitor can 

be also used for the active-clamp operation. 

PID CONTROLLER FOR THE CONTROL CIRCUIT OF 

BUCK BOOST CONVERTER 

The control circuit for the common buck-boost converter is 

shown in Fig. 5.PID controller is employed in this circuit. The 

output of the controller is compared with a saw tooth waveform 

and fed to the gate of the buck boost through a driver. Thus 

gate pulses are provided for the buck-boost. Advantages of PID 

controller are that it has a good transient response and steady 

state control. Response of the controller is fast, non-oscillatory 

and has no offset 

 

 

 

 

 

 

 

 

Fig. 5. Control circuit block diagram for the clamp-buck 

boost converter. 

SIMULATION RESULTS  

A 40 to 600 V step-up converter is designed and simulated to 

verify the proposed concept.. the converter consists of three 

interleaved  coupled-inductor boost converters and a common 

buck boost converter clamp. The primary inductor currents of 

three  phases of the interleaved converter is presented in Fig. 

6.the phase currents are equal in amplitude and phase shifted by 

120 degrees. Output current is shown in Fig.7. The output 

capacitor charging current is shown in Fig.8. Switching pulses 

to the three switches S1, S2 & S3 are presented in Fig. 9.Gate 

pulses for buck boost converter and clamp voltage & output 

voltage is shown in Fig 10-13.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 primary inductor current in a phase of the 

interleaved coupled-inductor boost converter 
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Fig.7 Output current 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Output capacitor charging current 

 

 

 

 

 

 

 

 

 

 

Fig. 9 Gate pulses to the switches of three phases 

 

 

 

 

 

 

 

 

 

Fig.10 Gate pulses for buck operation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 Clamp voltage and output voltage for buck 

operation 

 

 

 

 

 

 

 

 

 

Fig. 12 Gate pulses for boost operation 

 

 

 

 

 

 

 

 

 

Fig. 13 Clamp voltage and output voltage for boost 

operation. 

CONCLUSION 

Interleaving coupled inductor boost converters results in high 

step-up conversion with reduced duty ratio and can handle high 

input current. The high voltage stress on the switch due to the 

leakage inductance present in the non ideal coupled inductor 

can be reduced by a clamp buck boost converter. The common 

clamp capacitor of this clamp circuit collects the leakage 

energies 
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from all the coupled-inductor boost converters, and the buck 

boost converter recycles the leakage energies to the output. The 

experimental results show that the proposed converter has high 

step-up conversion and efficiency. 

REFERENCES 

[1] S. Jain and V. Agarwal, “A single-stage grid connected 

inverter topology for solar PV systems with maximum 

power point tracking,” IEEE Trans. Power Electron., 

vol. 22, no. 5, pp. 1928–1940, Sep. 2007. 

[2] C. Liu and J. S. Lai, “Low frequency current ripple 

reduction technique with active control in a fuel cell 

power system with inverter load,” IEEE Trans. Power 

Electron., vol. 22, no. 4, pp. 1429–1436, Jul. 2007. 

[3]  X. Kong and A. M. Khambadkone, “Analysis and 

implementation of a high efficiency, interleaved current-

fed full bridge converter for fuel cell system,” IEEE 

Trans. Power Electron., vol. 22, no. 2, pp. 543–550, 

Mar. 2007. 

[4] Q. Zhao and F. C. Lee, “High-efficiency, high step-up 

DC–DC converters,” IEEE Trans. Power Electron., vol. 

18, no. 1, pp. 65–73, Jan.  2003. 

[5] I. Barbi and R. Gules, “Isolated DC-DC converters with 

high-output voltage for TWTA telecommunication 

satellite applications,” IEEE Trans. Power Electron., 

vol. 18, no. 4, pp. 975–984, 2003. 

[6] K. Yao, M. Ye,M. Xu, and F. C. Lee, “Tapped-inductor 

buck converter for high-step-down dc–dc conversion,” 

IEEE Trans. Power Electron., vol. 20, no. 4, pp. 775–

780, Jul. 2005. 

[7] P. Xu, J. Wei, K. Yao, Y. Meng, and F. C. Lee, 

“Investigation of candidate topologies for 12 V VRM,” 

in Proc. IEEE APEC’02, 2002, pp. 686–692. 

[8] J. H. Park and B. H. Cho, “The zero voltage switching 

(ZVS) critical conduction mode (CRM) buck converter 

with tapped-inductor,” IEEE  Trans. Power Electron., 

vol. 20, no. 4, pp. 762–774, Jul. 2005. 

[9] W. Rong-Jong and D. Rou-Yong, “High step-up 

converter with coupled inductor,” IEEE Trans. Power 

Electron., vol. 20, no. 5, pp. 1025–1035, Sep. 2005. 

[10]  M. T. Zhang, M. M. Jovanovi´c, and F. C. Lee, 

“Analysis and evaluation of interleaving techniques in 

forward converters,” IEEE Trans. Power Electron., vol. 

13, no. 4, pp. 690–698, Jul. 1998. 

[11] Suman Dwariand Leila Parsa, “An efficient High-Step-

up interleaved DC-DC Converter with a common active 

clamp,”IEEE Trans. Power Electron.,, vol. 26, no. 1,pp. 

66-78, Jan. 2011.  

[12] Na Su, Dehong Xu, Min Chen, Junbing Tao, “Study of 

Bi-Directional Buck-Boost Converter with Different 

Control Methods,” IEEE Vehicle Power and Propulsion 

Conference (VPPC), September 3-5, 2008, 

 


