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Abstract- All renewable energy sources like solar, wind, fuel 
cell etc needs boost converter to step up the generated power. 
This paper proposes the comparison of the performance 
analysis of transformer based boost converter and transformer 
less boost converter and Capacitor Switched interleaved boost 
converter. The output voltage and efficiency of the three boost 
converters are analysed. Forward boost converter is analysed 
for transformer based boost converter. Capacitor switched 
boost converter is analysed for transformer less boost 
converter. For different input voltage the output voltage and 
the efficiency of the two boost converters are analysed. 
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I. INTRODUCTION 
 
 Today power demand is increased, but the generation 
of power is not enough to meet the demand. The renewable 
sources are the only solution for the demand in future. The 
amount of power is produced from these sources are less. The 
produced power cannot be directly connect to the load. high-
power dc/dc converters are required to boost (step up) the 
voltage of the generated power.  
 
 Forward converter is another popular switched mode 
power supply (SMPS) circuit that is used for producing 
isolated and controlled dc voltage from the unregulated dc 
input supply.  It is a dc to dc converter that uses transformer 
windings to buck or boost the voltage (depending on the 
transformer ratio) and provide galvanic isolation for the load. 
It is generally more energy efficient and is used for 
applications requiring little higher power output.  
 
 The forward boost converter operates on the principle 
of boost converter[1]-[2]. The forward boost converter uses 
high frequency transformer. It reduces the size of the passive 
components, reduces the mass of the converter. 
 
 The large passive components used in high-power 
dc/dc boost converters, specifically the large boost inductor, 

comprise a major part of the mass of the converter. Higher 
frequency operation helps reduce the size of the passive 
components. The high-power insulated-gate bipolar transistors 
(IGBTs) used in these converters are commonly limited to 
hard-switching operation at about 30 kHz [3] or less, 
depending on the power level. The switching frequency limit 
exists to prevent overheating and failure of the IGBT. If soft 
switching is used, the switching losses are reduced, enabling 
these IGBTs to operate at frequencies up to 70 kHz [3], which 
can significantly reduce the masses of passive components in 
the converter without increasing the mass of the heat sink. 
 
 In resonant and quasi-resonant converters, the 
devices are turned off and/or on at zero voltage or zero current 
of a resonant mode [4]. Passive soft-switching methods [5] use 
only passive components to achieve zero-voltage or zero-
current switching at a constant switching frequency. passive 
methods are designed for low-power boost converters using 
MOSFETs and hence focus on reducing the reverse-recovery 
losses (due to the boost diode) during turn-on of the switch 
rather than the more significant turn-off losses found in high-
power converters using IGBTs. It is noteworthy that new 
silicon carbide (SiC) diodes have nearly zero reverse-recovery 
current and can be implemented as the boost diode to greatly 
reduce the turn-on losses of the switch [6]. Active soft-
switching methods [7]–[9] use one or more auxiliary switches 
in addition to passive components to achieve zero-voltage or 
zero-current switching. 
 
 The capacitor switched regenerative boost converter 
circuit is simple, is highly efficient, operates effectively over 
the entire load range, requires no additional inductors, and  
straightforward control strategy, which was first introduced in 
[10]. The only additional components required are two IGBTs 
two diodes, and one capacitor. It reduces the turn off loss of 
the IGBT switch and increases the switching frequency of 
high-power boost converters without adding heavy extra 
inductors, so that the converter mass can be reduced. The 
efficiency can be improved. 
 
 The Interleaved boost converter is the parallel 
connection of two boost converters. It decreases the current 
rating of the   switch. It can reduce the input current ripple, 
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output voltage ripple, size of the passive components. The 
interleaved capacitor switched boost converter  consist of two 
parallely connected capacitor switched boost converter. The 
three circuits are compared under same input voltage is 
applied and the performance of them are analysed. 
 

II. PROPOSED CIRCUIT 
 

A. FORWARD BOOST CONVERTER 
 
 The forward converter energy is transferred directly 
between the primary and secondary sides. It consists of a fast 
switching device ‘S’ along with its control circuitry,a 
transformer with its primary winding connected in series with 
switch ‘S’to the input supply and a rectification and filtering 
circuit for the transformer secondary winding. The load is 
connected across the rectified output of the transformer-
secondary. 
 

 
Figure 1. Circuit diagram of forward converter 

 
 When switch ‘S’ is turned on, input dc gets applied to 
the primary winding and simultaneously a scaled voltage 
appears across the transformer secondary. Dotted sides of both 
the windings are now having positive polarity.Diode ‘D1’, 
connected in series with the secondary winding gets forward 
biased and the scaled input voltage is applied to the low pass 
filter circuit preceding the load. 
 
 When switch ‘S’ is turned off, the primary as well as 
the secondary winding currents are suddenly brought down to 
zero. Current through the filter inductor and the load continues 
without any abrupt change. 
 
B. CAPACITOR SWITCHED SOFT SWITCHING 

BOOST CONVERTER 
 
 Capacitor switched regenerative circuit is used to 
reduce the stress on the switch, ripples on the output voltage 
and current and reduces the switching loss on the switch. 
Capacitor switched regenerative circuit consist of two IGBT 
switches, two diodes and one capacitor. 
 

 
Figure 2. Capacitor switched soft switching boost converter 

 
 In high-power IGBT-based dc/dc boost converters, 
the switch turn-off loss is generally greater than the turn-on 
loss. The high value of turn-off losses in an IGBT can be 
explained by the significant current tail following the rapid 
rise of the voltage across the switch during turn-off. The turn-
on loss, however, can be significantly reduced by reducing or 
eliminating the reverse-recovery current of the boost diode. 
This can now be easily achieved by using silicon carbide (Sic) 
diodes, since they exhibit virtually zero reverse-recovery 
current. Thus, the proposed capacitor-switched regenerative 
circuit focuses on reducing the significant turn-off losses in 
high power boost converters so that high switching 
frequencies can be achieved without exceeding the thermal 
limits of the IGBT. 
 
 The proposed regenerative circuit is shown in Fig. 2. 
The idea is to charge the  capacitor Cs at one turn-off event 
and discharge it at the next turn-off event. With this operation, 
the voltage rise across the switch is slowed down, the current 
tail of the switch is reduced at each turn-off, and virtually all 
of the energy used to accomplish this is returned to the output 
circuit.At the first turn-off of S1, shown in Fig. 3, auxiliary 
switch S3 is on and auxiliary switch S2 is off so that current 
flows through D2 and S3 to charge the capacitor Cs from 0 V 
to the output voltage (Vout). This charging action slows down 
the voltage rise across switch S1, thus greatly reducing the 
losses while the current in S1 falls quickly. 
 
 At the next turn-on, both S2 and S3 are off, thus, the 
operation of S1 at turn-on is unaffected by the circuit. When 
S1 is on and Cs is charged up to Vout, Cs does not discharge 
through D3 and the body diode of S3 because the voltages at 
the anode and cathode of D3 are equal, not letting D3 conduct. 
 
 At the next turn-off of S1 (Fig. 5), S2 is on and S3 is 
off; thus, the current flows through S2 and D3 to discharge the 
capacitor. Again, this action greatly slows down the voltage 
rise across S1 and reduces the current tail through S1. All the 
energy stored in the capacitor is transferred to the output of the 
circuit, leading to a very efficient operation. Note that diode 
D1 conducts when S1 is off, in exactly the same manner as 
diodeD1 in the hard-switched converter. Overall, the proposed 
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converter operates in the same manner as the hard switched 
converter except at turn-off of S1 when the auxiliary circuit is 
active. 
 

III. SIMULATION OUTPUT 
 
 The forward boost converter and capacitor switched 
soft switching boost converter are simulated for transformer 
based boost converter and transformerless boost converter. 
The DC input is given to both circuits. The output voltage and 
efficiency of the two circuits are compared. The input is given 
to the circuit is 24V and it is stepped up into 48V. The outputs 
of the two converters are same. 
 
A. FORWARD BOOST CONVERTER 
 
 The circuit diagram of the forward boost converter 
shown in fig 4. The input voltage of 24V DC is applied to the 
forward boost converter. The transformer is used to transfer 
the energy. In FBC circuit the multiple outputs can be taken.  
 
 The efficiency is calculated for different values of 
input voltage. The output voltage is 48V.For multiple output 
the transformer winding are added depending upon the 
requirement. 
 

 
Figure 4. Forward boost converter circuit diagram 

 

 
Figure 5. output voltage waveform of forward boost 

converter circuit 
 

 
Figure 6. Output current waveform of forward boost converter 

circuit 
 

  Figure 5 and figure 6 shows the output voltage and 
output current waveform of the forward boost converter. It 
contains ripples. The FBC output voltage and current contains 
more ripples when AC input voltage is applied. There are 
different input voltage is applied to the FBC circuit and 
efficiency is calculated. 
 
B. CAPACITOR SWITCHED SOFT SWITCHING 

BOOST CONVERTER 
 
 Figure 7 shows the circuit diagram of CSSBC. Figure 
14 shows the capacitor switched soft switching circuit, which  
is added in the boost converter. In this boost converter the soft 
switching method is used to turn on and turn off the switches. 
The soft switching method is used to reduce the switching 
loss. During turn off the energy is diverted to the 
capacitor,The voltage stress across the switch is reduced. 
 
 The input voltage of 24V DC is applied to the boost 
converter with CSSS circuit. The output of the circuit will be 
48V. The frequency used for main switch on the boost 
converter is 125 kHz. Two IGBTs are used as switching 
device in CSSS circuit.capacitor is used to reduce the voltage 
stress across the switch during turn off. The frequency of 60 
kHz is used for  both auxillary switches of CSSS circuit. The 
main switch and auxiliary switch is turned on and turned off at 
zero voltage to reduce the stress across the switch. 
 

 
Figure 7. Boost converter with capacitor switched soft 

switching circuit 
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Figure 8. Output voltage of capacitor switched soft switching 

boost converter 
 
      Figure 3 shows the switching signals for S1, S2, S3 
switches applied by using the pulse generator. The main 
switch is applied with frequency of 125 kHz and the auxillary 
switches are applied with 60 kHz. The soft switching method 
is used so high frequency is applied; it reduces the size of the 
capacitor and converter size by reducing the switching loss 
and stress. 

 

 
Figure 9. Output current of capacitor switched soft switching 

boost converter 
 
 Figure 8 shows the voltage across and current 
through the main switch. Figure 9 and figure 10 shows that the 
ripples present on the output voltage and output current are 
less compared to the forward boost converter. 
 
 During turn off the switch the stress across the main 
switch is reduced by diverting the energy to the CSSS circuit. 
The output voltage and output current of CSSBC contains 
ripples are less compared to the forward boost converter by 
using the soft switching method for switching the switches of 
the circuit. 
 
C. INTERLEAVED CAPACITOR SWITCHED 

BOOST CONVERTER 
 
 The  fig.11 shows the interleaved capacitor switched 
boost converter circuit diagram. The interleaved capacitor 
switched boostconverter  consist of two parallely connected 
capacitor switched boost converter. 
 

 The input voltage of 24V DC is applied to the 
Interleaved boost converter with CSSS circuit. The output of 
the circuit will be 48V. The frequency used for main switch on 
the boost converter is 125 kHz. Two IGBTs are used as 
switching device in CSSS circuit.capacitor is used to reduce 
the voltage stress across the switch during turn off. The 
frequency of 60 kHz is used for  both auxillary switches of 
CSSS circuit. The main switch and auxiliary switch is turned 
on and turned off at zero voltage to reduce the stress across the 
switch. 
 

 
Figure 10. Interleaved Capacitor Switched Boost converter 

circuit 
 

 
Figure 11. Output voltage of Interleaved capacitor switched 

boost converter 
 

 
Figure 12. Output current of Interleaved capacitor switched 

boost converter 
 

  Figure 12 and figure 13 shows that the ripples present 
on the output voltage and output current are less compared to 
the Capacitor soft switching boost converter. 
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D. EFFICIENCY 
 

 The efficiency is calculated for CSSSBC circuit and 
FBC circuit for different values of input voltage. The results of 
them are compared. The efficiency is given by 
 

 
Figure 13. 

 
 The efficiency graph is plotted for the values listed in 
table. The efficiency of the CSSSBC is higher than the FBC 
circuit. 
 

IV. CONCLUSION 
 

 This paper presents the comparison of transformer 
based converter, forward converter and transformerless boost 
converter, capacitor switched soft switching boost converter, 
and interleaved capacitor switched boost converter for 
renewable applications. The simulation is done for CSSSBC 
circuit and FBC circuit of same input voltage. The simulation 
result indicates that the ripples on the output voltage and 
output current of CSSSBC are less compared to the forward 
boost converter circuit. 
 
 The ripples present on the output voltage and current 
of interleaved boost converter are less than the capacitor 
switched soft switching boost converter. 
   
 The efficiency is improved in the capacitor switched 
soft switching boost converter compared to the forward 
converter due to reduced switching loss. 
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