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Abstract— This paper deals with the development of a boost converter with a high voltage gain using a coupled inductor technique for 

online solar motor-pump application. The concept is to utilize two capacitors and one coupled inductor in the primary side of dc-dc 

converter to achieve high step-up voltage gain and to reduce the voltage stress of input side switch. The Photovoltaic (PV) array acts as 

input source and submersible pump acts as output load. In addition, a clamp circuit is used to recycle the energy stored in the leakage 

inductor and to improve the system efficiency.   Furthermore, the diode reverse-recovery problem is partly solved due to the leakage 

inductance. The two capacitors are charged in parallel during the switch OFF period and are discharged in series during switch ON period 

by the energy stored in coupled inductor.   As a result, the proposed converter has merits of high boosting level, reduced number of 

devices, and simple control strategy. The model is simulated by using MATLAB/SIMULINK. 

 

Index Terms—High step-up converter, Coupled inductor, Clamp circuit, Closed loop control. 

 

1. INTRODUCTION 

Photovoltaic energy represents one of the most efficient and effective alternative renewable   energy sources 

for many applications, such as hybrid electric vehicles, electricity, water pumping, uninterruptible power 

supplies, telecom back-up facilities, and portable electronics, etc [1]. The combination of PV with dc–dc 

converters are now widely used in many applications. A dc–dc boost converter is needed to improve the low 

voltage at the PV cell into the high voltage at the dc load. 

But the conventional boost converter cannot provide such a high dc voltage gain, even for an extreme duty 

cycle. It also may result in serious reverse –recovery problems and increases the rating of all devices. As a 

result, the conversion efficiency is degraded and the electromagnetic interference (EMI) problem is severe [2]. 

In order to improve the conversion efficiency and to increase the step-up voltage gain without using the 

isolation transformer, many step-up converters based on a coupled inductor have been proposed [3].  In this 

paper, the high step- up dc–dc converter is proposed with a coupled inductor, and a clamp circuit.  Thus, the 

converter is suitably used for high- power applications. The coupled inductor is used to obtain high step-up 

gain and to recycle leakage energy [2].  Also, the proposed converter uses two capacitors can charge in parallel 

and discharge in series by the secondary side of the coupled inductor.  Besides, the secondary-side leakage 

inductor of the coupled inductor can minimize the reverse-recovery problem of diodes, and the loss can be 

reduced. However, the leakage inductor of the coupled inductor may cause high power loss and high voltage 

spike.   Thus, a passive clamping circuit is needed to recycle the energy of the leakage inductor and to clamp 

the voltage level of the main switch [2]. 

The proposed step-up converter consists of the power semiconductor devices which are operated as 

electronic switch.  The dc-dc converters are important to supply a constant output voltage, regardless of 

disturbances on the input voltage. So, we have to use closed loop control scheme for regulated constant output 

voltage.   Proportional- Integral (PI) controller is the best closed loop control method compared to other 

methods for switching converters [4].  This controller often applied to the converters because of their 

simplicity. The use of photovoltaic as the power source of pumping water is considered as one of the most 

promising areas of PV application. The advantages of using water pumps powered by photovoltaic systems 

include low maintenance, ease of installation, reliability and the matching between the powers generated and 

the water usage needs. Photovoltaic powered water pumping systems require only that there be adequate  

sunshine  and  a  source  of  water.  Water  can  be pumped during the day and stored in tanks, making water 

available at night or when it is cloudy. The pumped water can be used in many applications such as domestic 

use, water for irrigation and village water supplies [1]. 

There   are   different   methods   available   for   high voltage gain step-up, low cost and high efficiency.   

They provide the voltage gain up to 20 using coupled inductors or switched capacitor technique [5]. Usually 

the efficiencies of  high  voltage  gain  step-up  converters  are  at  the  levels over 90%.   To increase the 

overall efficiency of converter soft switching technique as well as active clamped circuit introduction may be 

considered. Thus different techniques are explained as below. 
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A. Interleaved Boost Converter 

  

The simplicity is major advantage of this topology. Since interleaved boost converter cells share the input 

current 

The input current ripples are small which increases the life of PV modules. Moreover, single cell feeds only 

the fraction of total input current and the duty cycle of a single switch does not exceed 0.25.  So, it needs to 

operate with four cells. The diode reverse recovery current flow when the diodes are switched off causes 

electromagnetic noise (EMI) [6]. To overcome that problem discontinuous inductor current driving mode 

should be used. Also, the continuous inductor current mode demonstrates lower input current ripples as well as 

lower switching losses. The main disadvantage of that topology is relatively low voltage gain. 

 

B. Soft Switching Boost Converter 

 

This high-performance converter has slightly improved voltage gain in comparison to single switch boost 

converter. It operates in Zero Voltage Switching mode dramatically reducing switching losses thus achieving 

better efficiency. The driving sequence is bit more complex, but both switches operate at the same ground 

potential thus additional separation at driver side is needless. The disadvantage of that topology is the 

complexity of the circuit, because of 5 more components addition including a switch and an extra inductor [7]. 

 
C. Boost Converter with Charge Pump 

 

Boost, flyback or charge-pump topologies or the combinations of any of them can be utilized achieving the 

efficiency better than 95%. However, the voltage gain can be easily achieved by turns-ratio of coupled 

inductors the leakage energy induces high voltage stress and switching losses [8]. To overcome this problem, 

active clamp circuit is used. The other benefits of presented circuit are wide input voltage range, high voltage 

gain and low cost. 

 
D. Multilevel Switched Capacitor Converter 

 

This type of converter has compact size, low cost and less weight because of avoiding the transformers. The 

other advantage is the possibility to work at higher temperatures than inductor-based counterparts. The voltage 

gain is accomplished by voltage multiplier cells that operate basing on switching capacitor principle. The 

penalty is relatively big number of switches, which is in this case 12. Moreover, due to capacitive load the 

switches are exposed to high current stress [9]. 

 
E. Boost Converter with Coupled Inductor 

 

Coupled inductor can serve as a transformer to enlarge the voltage gain in non-isolated dc-dc converters in 

proportion to winding turns ratio. These converters can easily achieve high voltage gain working at relatively 

low level of voltage. The switch driving scheme is simple as the converter usually utilizes single.  Common 

mode conducted EMI is reduced. To reduce passive component size coupled inductors can be integrated into 

single magnetic core. 
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Methods 

 
Efficiency% 

 
Gain 

 

Pmax 

(kW) 

 

Switching 

Loss 

 
complexity 

A 97.3 1.3 2.5 High More 
B 96.2 3 0.6 Medium Simple 
C 97 8 0.8 Low Medium 
D 94 5.6 0.45 High More 
E 97.5 10 3.5 Low Simple 

 

 

. 
 
 

TABLE I. COMPARISON OF HIGH VOLTAGE GAIN BOOST CONVERTERS 

 

 
 

 

 

 

 

 

 

 

 

 

 

II. COUPLED INDUCTOR 

The combination of two separate inductors wound on the same core acts coupled inductor with the same 

length and width as that of a single inductor which have the same inductance value. The windings of the 

coupled inductor can be connected in series, in parallel, or as a transformer. This paper highlights boost 

converter topology that meets the pumping application requirement with the coupled inductors.  Most of these 

coupled inductors have the same number of turns. But some newer ones have a higher turns ratio. The 

coupling coefficient, K, of coupled inductors is typically around 0.95, much lower than a custom transformer’s 

coefficient of greater than 0.99[10]. 

An inductor has single core coupled with double winding which is called coupled inductor. The below figure 

1 represents the basic circuit of coupled inductor. The two vertical lines between the inductors indicate a 

solid core that the wires of the inductor are wrapped around. "n:m" shows the ratio between the number of 

windings of the left inductor to windings of the right inductor. When an alternating current flow through one 

coil, the coil sets up a magnetic field which is coupled to the second coil and induces a voltage in that coil.  

The phenomenon of one inductor inducing a voltage in another inductor is known as mutual inductance. It is 

important as the mechanism by which transformers work, but it can also cause unwanted coupling between 

conductors in a circuit. The mutual inductance, M, is also a measure of the coupling between two inductors. In 

the other hand, two 
 

 

 

 

 

 

Fig. 1. Coupled inductor 

 

inductors or coils that are linked by electromagnetic induction are said to be coupled inductors. The mutual 

inductance has a relationship with the coupling coefficient which represents equation (1). The coupling 

coefficient is always between 1 and 0, and is a convenient way to specify the relationship between a certain 

orientations of inductors with arbitrary inductance
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Where, 

                M = k                       

energy to load R. When the capacitor voltage Vin+Vds is equal to Vc1  at T = T3, diode D1  

conducts and this operating mode ends. 

k is the coupling coefficient and 0 ≤ k ≤ 1, 

L1 is the inductance of the first coil, and 

L2 is the inductance of the second coil. 
 

 III. PRINCIPLE AND OPERATION OF PROPOSED BOOST CONVERTER 

The proposed converter is used to develop high step- up voltage gain and high efficiency. This 

converter includes two capacitors and two diodes on the secondary side of the coupled inductor to 

improve the voltage gain. The coupled inductor can charge two capacitors in parallel manner and 

discharge in series manner. But the leakage inductor of the coupled inductor may be caused high 

power losses and a high voltage spike on the switch side. So a clamping circuit is needed to clamp 

the voltage level of the main switch and to recycle the energy of the leakage inductor. 

Figure 2 shows the circuit topology of the proposed converter. This converter consists of dc input 

voltage Vin  , power  switch  S,  coupled  inductors  N1   and  N2,  one  clamp diode D1, clamp 

capacitor C1  , two blocking capacitors C2 and C3, two blocking diodes D2  and D3  , output diode 

Do, and output capacitor C0. The coupled inductor is modeled as the magnetizing inductor Lm   

and leakage inductor Lk.  The principle of operation is explained with six modes as follows. A. 

Mode I 

At mode I of operation, switch S is turned on. Diodes D1, D2, and D3  are turned off, and output 

side of diode D0  is turned on. The primary side current of the coupled inductor is increased 

linearly. The magnetizing inductor Lm  stores its energy from input source Vin. Due to the leakage 

inductor Lk, the secondary side current of the coupled inductor i will be decreased linearly. The 

voltage across the secondary side winding of the coupled inductor, and blocking voltages are 

connected in series to charge the output capacitor Co  and to release the energy to the load R. When 

the current is becomes zero, input dc source Vin begins to charge the blocking capacitors C2  and 

C3  via the coupled inductor. Finally, this operating mode ends when leakage inductor current is 

equal to magnetizing inductor current at T= T1 

B. Mode II 

During mode II, switch S is still turned on. Diodes D1  and D0  are turned off, and blocking 

diodes D2  and D3  are turned on. The magnetizing inductor Lm is stored energy from dc source 

Vin. Some of the energy from dc source Vin transfers to the secondary side of the coupled inductor 

to charge the blocking capacitors C2  and C3. Output capacitor C0  releases the energy to load R. 

This operating mode II ends when switch S is turned off at T = T2. 

C. Mode III 

During  this  time  interval,  S  is  turned  off.  Diodes D1   and D0   are turned off, and blocking 

diodes D2   and D3 are  turned  on.  The  energy  from  the  leakage  inductor  Lk and magnetizing 

inductor Lm  are released to switch S. The capacitors C2  and C3  are still charged by the input dc 

source Vin via the coupled inductor. The output capacitor C0 provides 
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Fig. 2. Proposed boost converter 

 

 

hus the voltage gain can be obtained from equation (2) as ollows, 

VG =  +         

Where D is the duty cycle and n is ratio between N2 and N1 
 

 IV. SIMULATION MODEL AND RESULTS 

 
 

 

 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 

The Figure 3 shows MATLAB model of high voltage 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

Fig. 3. Simulation model of proposed converter 

 

 

D. Mode IV 

During this time interval, switch S is turned off. Diodes D1, D2, and D3 are turned on and D0 is 

turned off. The energy from leakage inductor Lk   and magnetizing inductor Lm are released to the 

clamp capacitor C1. Some of the energy stored  in  Lm   starts  to  provide  to  capacitors  C2   and  

C3   in parallel manner through the coupled inductor until secondary current is equals to zero. 

Meanwhile, current leakage inductor current is decreased quickly. Thus, diodes D2  and D3  are cut 

off at T = T4, and this operating mode ends. 
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E. Mode V 

During fifth mode of operation, S is turned off. Clamping diode and output diode are turned on, 

and D2  and D3  are turned off. The energy from leakage inductor Lk  and magnetizing inductor 

Lm  are released to the clamp capacitor C1. The primary and secondary windings of the coupled 

inductor,  dc  sources  Vin,  and  capacitors  C2   and  C3   are  in series to transfer their power to 

the output capacitor C0  and load R. This operating mode ends when capacitor C1  starts to 

discharge at T = T5. 

 
F. Mode VI 

At mode VI, S is still turned off. Diodes D1  and D0 are turned on, and D2 and D3 are turned off. 

The primary-side and secondary-side windings of the coupled inductor, input voltage source Vin, 

and capacitors C1, C2, and C3 transfer their energies to the output capacitor C0 and load R. This 

mode VI ends at T = T6 when S is turned on at the beginning of the next switching period.  From 

the principle of operation, the energy released duty cycle Dc1 can be expressed as, 
 

                                          Dc1 =T/f                                       
 

gain boost converter with coupled inductor. The gate signal of the switch is controlled by PI 

controller as closed loop.     

 

           Thismodel contains PV array as input source and output side is RLload inspect of 

submersible pump motor. 

 

       The figures 4 to 7 show that the waveforms of the coupled inductor based converter in 

MATLAB/SIMULINK input voltage, output voltage, output current and output power 

respectively. Based on the requirements, the converter model has produced the desired output 

voltage, current and power. 

 
 

 

 

 

 

 

 

 

 

 

 TABLE II. OUTPUT VALUES 

  

 

 
 

 

 
 

 

 
 

 

 
 

 

 

Fig. 4. Input Voltage (V) 

 
 

 

 

Parameters Value 

Input Voltage 48V 

Output Voltage 150V 

Output Current 22A 

Output Power 3.2kW 
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Fig. 5. Output Voltage (V) 
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Fig.6 Output Current (A) 

 

 

 

 

 

 

Fig.7 Output Power (kW) 

 
 

V. CONCLUSION 

The boost converter with high voltage gain using coupled inductor technique was developed  and  

simulated using MATLAB/SIMULINK for online solar motor-pump application. The output results 

show that the proposed converter has merits of high boosting level, reduced number of devices, and 

simple control strategy. An improved the system efficiency is obtained with the help of a clamp 

circuit which is used to recycle the energy stored in the leakage inductor. A high step-up voltage 

gain is achieved and also a reduced the voltage stress of input side switches at the primary side of 

dc-dc converter is obtained. 
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