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Abstract 
 

The design of high voltage gain DC-DC boost converter is carried out with the addition of the Voltage Multiplier (VM) method. Here the 

coupled inductor and VM methodologies are proposed to reduce the switching and conduction losses of the Metal Oxide Semiconductor 

Field Effect Transistor (MOSFET). The Zero Current Switching (ZCS) technique with coupled inductor leakage inductance is used to 

operate the MOSFET. The leakage inductance is used to decrease the reverse recovery current across the diode. The design procedure of 

the boost converter and corresponding output waveforms are presented in this paper. Photovoltaic (PV) source converter with coupling 

inductors soft switching technique has been analyzed and tested in this paper. 
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1. Introduction 

In recent days the demand for the electrical power increasing day 

by day. Many conventional power generation topologies are pro-

posed but they increase the environmental pollution and consump-

tion of fossil fuels [1 - 8]. There are two types of switching topol-

ogies 1) Isolated converters 2) Non-isolated converters. The non-

isolated DC to DC converters is Buck, Boost, Cuk, Buck-Boost, 

Sepic etc. [3]. Fig. 1, shows the classification of DC-DC convert-

ers. The isolated converters are Fly-back, Forward converters etc. 

The isolated converters provide safe operation and eliminate the 

ground leakage current even it is bulky, less efficient and costly 

[4].  

 

 
Fig. 1: Classification of DC-DC Converters. 

 

The basic boost converters are used for low and medium power 

levels. These converters have non-pulsating input current and 

simple structure. The converter helps in boosting the voltage level 

of the renewable sources to the level of the grid voltage. The main 

disadvantages of the basic boost converters are hard switching and 

high voltage stress on the semiconductor elements. Phase-shifted 

full-bridge converters used for high step-up gain, it is possible by 

increasing the transformer turns ratio. Because of the pulsated 

input current, the lifetime of photovoltaic array effects greatly [5], 

[6]. Due to the exhaust of fossil fuels and also the increasing level 

of pollution renewable sources like solar, wind, hydro, fuel cell, 

biogas is rapidly used for power generation [9], [10]. The solar 

energy is intermittent in nature to maintain the stability at load 

side step up dc-dc converter is required [11]. However, in order to 

achieve high step-up in these converters turns ratio of isolation 

transformer need to be increased [12 - 14]. It is preferable to use a 

coupled inductor in DC to DC converters with the solar panel to 

achieve high voltage conversion [15]. 

Full-bridge, fly-back, forward converters used for step-up the 

voltage levels in solar PV systems [19]. The photovoltaic panel 

gives DC output by converting the sunlight into electrical energy. 

The irradiance at morning and evening time is less when com-

pared to the afternoon [20 - 23]. If the solar PV system selected as 

an energy source the battery stores the excess power during higher 

irradiation time and supply to the load when the power is required 

[24 - 29]. 

For soft switching process, the coupled inductors in addition to the 

VM techniques are employed in this paper without auxiliary 

switches. The projected technique introduces soft switching pro-

cedure does not depend on the load current and easy to maintain 

under light load condition. Normally the turn-on commutation of 

the switch is depending on the ZCS, because of the leakage in-

ductance. 

2. Proposed methodology  

2.1. PV modelling 

PV cell is the basic component of the PV system. The proposed 

converter consists of two PV modules. The voltage range of one 

PV module is 12.5 V. The required input voltage of the converter 

is 24 V. In practice, two PV modules give nearly 24 V. The input 
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and its relevant output waveforms of the PV system, simulation 

diagrams are as follows.  

2.2. Single diode model 

The single diode model is as shown in Fig. 2 provides a tradeoff 

between complexity and accuracy. By using the diode, current 

source and resistors a PV generator V-I characteristic can be mod-

eled. Since Thevenin’s theorem is not applicable for the nonlinear 

inherent model. However, the linear model used to represent this 

nonlinear model with variable parameters. 

 

 
Fig. 2: Single-Diode Model Type PV Generator. 

 

 
Fig. 3: Single-Diode Model through Linearized Diode. 

 

The solar PV single diode model with a linearized diode is as 

shown in Fig. 3, where the voltage source Vx  is represents the 

diode. The solar PV operation region gives the values of Vx and 

RD. 

 

Vpv_th,n = Vx,n + RD,n .
Rsh .Iph− Vx,n

Rsh+ RD,n
                                               (1) 

 

Rpvth,n =  Rs +
Rsh .RD,n

Rsh+ RD,n
                                                                (2) 

 

 
Fig. 4: Power and Voltage characteristics of the PV Panel. 

 

The P - V characteristics of a solar PV module is represented in 

Fig. 4, due to the stochastic atmospheric conditions the P-V char-

acteristics of a solar PV module are nonlinear. Hence to achieve 

maximum power from the solar PV it is essential to find the Max-

imum Power Point Tracking (MPPT) point.  

 

 
Fig. 5: Current and Voltage Characteristics of the PV Panel. 

 

The V - I characteristics of a solar PV module is represented in 

Fig. 5, due to the stochastic atmospheric conditions the V - I char-

acteristics of a solar PV module are nonlinear. Hence to achieve 

maximum power from the solar PV it is essential to find the 

MPPT point. 

3. Converter 

The proposed circuit is represented in Fig. 6, which consists of the 

boost converter and VM. Multiphase converter operation is possi-

ble in the proposed converter, for analyzing the operation of the 

converter through a two-phase circuit is developed. The circuit 

consists of two power switches S1 and S2, input inductors L1 and 

L2, the output diodes D5 and D6, and the output filter capacitor C3. 

The capacitors C1  and C2  and the diodes D1  and D2  compose the 

VM cell. The high static gain can be achieved by increasing the 

number of VM cells, which are involved in this converter. The 

high static gain of the system can be achieved by employing the 

coupled inductor method in the converter circuit. To avoid the 

electromagnetic interference of the coupled inductor, the integra-

tion must be accomplished. The proposed converter high static 

gain can be achieved by connecting the coupled inductors L3 and 

L4 in series to the output diodes D5 and D6. 
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Fig. 6: PV Based ZCS Switch Turn on Using Coupled Inductors and VM Cell Techniques Integrated in the Proposed Converter. 

 

For the switches, S1  and S2  the VM circuit works as a non-

dissipative snubber and the energy stored in the coupling inductors 

are transformed into the capacitors C1  and C2 . From the output 

diodes reverse recovery current, the capacitors are received by the 

leakage inductance energy. Then the effect of leakage inductance 

energy is removed in the coupled inductors primary and secondary 

side. 

4. Modes of operation 

The proposed converter is as shown in Fig. 6, it consists of Con-

tinuous Conduction Mode (CCM) and Discontinuous Conduction 

Mode (DCM) of operations. For Analysis purpose the converter 

operation is CCM with D > 5 in this paper. The converter consists 

of five modes of symmetric and sequence of operation. 

Mode: 1 

In this mode, power switches S1 and S2 are in on condition. The 

input DC voltage is applied across the coupling inductors L1 and 

L2 increases linearly and all diodes of the converter are blocked. 

This stage ends with the power MOSFET S2 becomes turned off. 

 

𝑖𝐿2(𝑡) =  𝑖𝐿2(𝑡0) +
𝑉𝐿2

𝐿𝑟
 . 𝑡                                                              (3) 

 

𝑉𝐿1 =  𝑉𝐿2 =  𝑉𝑖                                                                             (4) 

 

Mode: 2 

The power MOSFET 𝑆2 is turned off in this mode. The inductor 

𝐿2  dissipates its stored energy through the multiplier diode 𝐷2 , 

multiplier capacitor 𝐶1 and switch 𝑆1 . By using the output diode 

𝐷6, the 𝐿2 transfer its stored energy to the output side. The maxi-

mum switch voltage of the multiplier capacitor 𝑉𝑆1 is equal to the 

classical boost converter voltage. The leakage inductance energy 

is transferred to the capacitor 𝐶1. The voltage inductance of sec-

ondary winding 𝑉𝐿4 is equal to the product of voltage inductance 

of the primary inductance and the winding turns ratio. This stage 

ends with the diode current 𝐷2 becomes zero. 

 

𝑉𝑆1 =  𝑉S2 =  Vi .
1

1−D
                                                                     (5) 

 

VL2 =  VC1 −  Vi =  Vi .
1

1−D
 . Vi                                                     (6) 

 

VL4 =  VL2 . n = (Vi .
1

1−D
−  Vi) .

NL4

NL2
                                             (7) 

 

Mode: 3 

In this stage, the diode D2  is in turn-off condition. The output 

diode D6 is used to transfer the energy to the load. This operation 

is performing until the power MOSFET S2 becomes turn on. 

Mode: 4 

In this instant, by using the ZCS commutation the power 

MOSFET S2 becomes turned on. When switch F2 is turned on, the 
di

dt
 is limited with the leakage inductance. The current flowing 

through the diode D6 decreases linearly and it becomes blocking 

stage. The problems with the reverse recovery current of the diode 

are reduced. 

Mode: 5 

The output diode D6 becomes turned off in this instant. To transfer 

the leakage inductance energy to the capacitor C2, The clamping 

diode D4 act as a free-wheeling diode. The output voltage is equal 

to the output diode voltage. Static gain can be represented as, 

 

V0 =  VS2 +  VC2 + VL4                                                                 (8) 

 

V0 =  [(
Vi

1−D
) + (

Vi

1−D
) + (

Vi

1−D
−  Vi) . n]                                    (9) 

 
V0

Vi
=  

D ∗ n + 2

1−D
                                                                                (10) 

The proposed converter static gain increased with the winding 

turns ratio “n”. 

 

 
Table 1: Comparison between High Voltage Gain Boost Converter 

S. 

NO 
Parameters  

Coupled inductor or 
switched capacitor con-

verter [26] 

Series/parallel connections of 

voltage double converter [27] 

Coupled inductor 
switched-capacitor 

Converter [28] 

Proposed converter coupled 
inductor/ switched-

capacitor 

1. Soft-switching method Active snubber cell Active snubber cell Active clamping Passive snubber cell 

2. Ideal static gain 
V0

Vi
 

1+2∗n

1−D
  

Turns ratio-n 

1+n∗s

1−D
  

Turns ratio-ns 

2+(1+D)∗n

1−D
  

Turns ratio-n 

D∗n+2

1−D
  

Turns ratio-n 

3. Soft-switching limit Depends on load Depends on load Depends on load Independent on load 

4. 
Capacitors at the power 

circuit 
3 3 3 3 

5. Magnetic core 4 4 2 2 

6. 
Semiconductors at the 

power circuit 
Diodes:4 Active:2 

Diodes:4 

Active:2 

Diodes:4 

Active:2 

Diodes:6 

Active:2 
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7. 
Capacitors at the soft-

switching circuit 
4 2 2 2 

8. Efficiency in % ɳ = 90  
ɳ = 94.8  

 

ɳ = 92  

 

ɳ = 94.78  

 

 

5. Simulation results 

 

 
Fig. 7: Simulation Diagram of the Proposed Converter. 

 

The simulation diagram of the PV based ZCS Switch turn on us-

ing coupled inductors and VM cell techniques integrated in the 

proposed converter is shown in Fig. 7, switching frequency f = 60 

kHz, Input voltage Vin= 24 V, Duty cycle D = 0.88, Inductors L1 

= L2 = 100 µH, Inductors L3 = L4 = 400 µH, Capacitors C1 = C2 = 

3.3 µF. 

5.1. Subsystem 

The subsystem for the PV system consists of bypass diode, Insola-

tion to current gain, IPV, VPV, PPV, saturation, product and switch. 

 

 
Fig. 8: Proposed System Input Voltage Waveform. 

 

The input voltage for the proposed system supplied by the PV 

panel which is 24 V. Fig. 8, represents the input voltage 24 V DC 

supply for the Fig. 6. 

 

 
Fig. 9: Proposed System Output Voltage Waveform. 

 

The DC-DC converter output voltage raises from 0 to 307 V with 

the duration of 0.000668 sec and it reaches the steady-state posi-

tion at 0.007316 sec. From Fig. 9, it is observed that the settling 

time for the DC-DC converter voltage is less. Due to the soft 

switching technique, the voltage stress on the switches reduces. 

The output voltage of the proposed system is settling at 194.7 V.  

 

 
Fig. 10: Proposed System Output Current Waveform. 
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The DC-DC converter output current raises from 0 to 0.9227 A 

with the duration of 0.00068 sec and it reach the steady state posi-

tion at 0.00725 sec. From the Fig. 10, it is observed that the set-

tling time for the DC-DC converter current is less. Due to the soft 

switching technique the current stress on the switches reduces. 

The output current of the proposed system is settling at 0.5842 A. 

 

 
Fig. 11: Current Flowing Through the Inductor L1. 

 

The current flowing through the inductor L1 raises from 0 to 46.86 

A with the duration of 0.000348 sec and it reach the steady state 

position at 0.00795 sec. From the Fig. 11, the current flowing 

through the inductor L1 is settling at 4.041 A. 

 

 
Fig. 12: Voltage Across The MOSFET S1. 

 

Fig. 12 shows the voltage across the MOSFET S1with the settling 

time 0.007883 sec. 

 

 
Fig. 13: Voltage Across the MOSFET S2. 

 

The voltage across the MOSFET S2 from 0 to 24 V with the dura-

tion of 0.0056 sec and it reach the steady state position at 

0.008433 sec. From the Fig. 13, it is observed that the output volt-

age of the MOSFET S2 is settling at 24 V. 

6. Conclusion 

To reduce the voltage stress on the switches in DC-DC converters 

coupled inductor with VM cells configuration were proposed. The 

VM clamps the diode voltage and switch voltage. ZCS technique 

is used for switch turn-on commutation and all diodes reverse 

recovery current negative effects reduced by the leakage induct-

ance. Low switch voltage maintained by inductor windings and 

the usage of low RDS on MOSFETs, decrease the conduction loss-

es and increasing the turns ratio of the inductor. The soft commu-

tation is attained without auxiliary switches and not depends on 

the load current. Compared to classical soft-commutation tech-

niques with controlled auxiliary switches, reduce the cost and 

complexity of the converter without controlled switches.  
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