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ABSTRACT 

  A new soft-switching boost converter is proposed in this paper. The conventional boost 

converter generates switching losses at turn ON and OFF, and this causes a reduction in the 

whole system’s efficiency. The proposed boost converter utilizes a soft switching method using 

an auxiliary circuit with a resonant inductor and capacitor, auxiliary switch, and diodes. 

Therefore, the proposed soft-switching boost converter reduces switching losses more than the 

conventional hard-switching converter. The efficiency, which is about 91% in hard switching, 

increases to about 96% in the proposed soft-switching converter. 

_______________________________________

 

I.INTRODUCTION 

           Recently, switch-mode power supplies have become smaller and lighter due to higher 

switching frequency. However, higher switching frequency causes lots of periodic losses at turn 

ON and turn OFF, resulting in increasing losses of the whole system. Therefore, many converters 

have been presented that use resonance to reduce switching losses. Many researches using 

resonance have presented a zero-voltage and zero-current switching (ZVZCS) converter that 

performs zero-voltage switching (ZVS) and zero-current switching (ZCS) simultaneously. 

However, the auxiliary circuit for resonance increases the complexity of the circuit, as well as its 

cost. For some resonant converters with an auxiliary switch, the main switch enables soft 

switching, while the auxiliary switch performs hard switching. These converters cannot improve 

the whole system’s efficiency owing to the switching losses of the auxiliary switch .Anew soft-

switching boost converter with an auxiliary switch and resonant circuit is proposed in this paper. 
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The resonant circuit consists of a resonant inductor, two resonant capacitors, two diodes, and an 

auxiliary switch. The resonant capacitor is discharged before the main switch is turned ON and 

the current flows through the body diode. These resonant components make a partial resonant 

path for the main switch to perform soft switching under the zero-voltage condition using the 

resonant circuit. Compared with other soft-switching converters, the proposed converter 

improves the whole system’s efficiency by reducing switching losses better than other converters 

at the same frequency. 

 

II.OPERATION OF SOFT SWITCHING BOOST CONVERTER 

     The proposed converter is shown in circuit diagram. The main switch (S1 ) and the auxiliary 

switch (S2 ) of the proposed circuit enable soft switching  through an auxiliary switching block, 

consisting of an auxiliary switch, two resonant capacitors (Cr and Cr2 ), a resonant inductor (Lr), 

and two diodes (D1 and D2 ) . 

Operational Analysis of the Proposed Converter: 

           The operational principle of the proposed converter can be divided into nine modes. For 

simple analysis of each mode of the proposed converter, the following assumptions are made 

given below. 

 All switching devices and passive elements are ideal. 

 The input   voltage (Vin) is constant. 

 The output voltage   (Vo) is constant. (Output capacitor Co is large enough.) 

 The recovery time of all diodes is ignored 

            All of the switches are turned OFF. The Accumulated energy of the main inductor (L) 

transfers the load through the main diode (D0).  

              In this mode, the main inductor voltage and current are represented by and, using these 

equations, the inductor current can be expressed as During this time, the resonant inductor 

current is zero, and the resonant capacitor has been charged to the output voltage and the 

resonant After turning ON the auxiliary switch, the resonant inductor current begins to increase 

linearly from zero. When the resonant inductor current (iLr) is equal to the main inductor current 

at t1, completes and the resonant inductor voltage equals the output voltage.  

              The main inductor current decreases and, at the end of this mode, the main inductor 

current is equal to the minimum is given below. Immediately after the resonant inductor current 
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and main inductor current have equalized, the main diode is turned OFF. The resonant capacitor 

Cr and the resonant inductor start their resonance, then the resonant capacitor Cr is discharged 

through resonant path Cr and Lr. After finishing the resonance, the resonant capacitor voltage is 

equal to zero. In this case, the main switch voltage is equal to zero and the turn-ON signal is 

given to the main switch under the zero-voltage condition.  

            In this mode, the main inductor voltage is equal to the input voltage. The main switch 

turns ON under the zero-voltage condition. When the auxiliary switch is turned OFF for the same 

condition, begins. In this stage, the resonant inductor and resonant capacitor (Cr2) start the 

resonance. After the quarter-wave resonance of Lr and Cr2, the current of Lr is zero. Mode 5 is 

complete and Cr2 has been fully charged by the resonance. In this mode, the resonant inductor 

current can be expressed given below. In addition the resonant impedance and angular frequency 

the current flow of the resonant inductor Lr reverses and the next stage starts. In a reverse 

resonance of L and Cr2 through the main switch and D2 occurs. When the Cr2 voltage has 

reached zero by resonance, the resonance of Lr and Cr2 is complete and the Cr2 voltage is zero. 

The current flows through the freewheeling path of the body diode the resonant inductor the 

main switch. By the pulse width modulation (PWM) algorithm, when the main switch is turned 

OFF, this mode is complete. In this interval, the magnitude of the resonant inductor current is 

equal at t3. The sum of the two inductor currents is the charging current of the resonant capacitor 

Cr in this mode. When the resonant capacitor (Cr) voltage is equal to the output voltage, this 

mode is completed. Therefore, the main diode turns ON under the zero-voltage condition and the 

resonant inductor current decreases linearly toward zero. After the current has reached zero, 

completes and the next switching cycle starts. In this mode, the main inductor current and 

resonant inductor current are given by the following. To achieve zero-voltage switching, a delay 

time (Delay) is required in the main switch PWM. The minimum delay time must satisfy the 

following equation: The time consisted of the resonant time between Lr and Cr, and the time that 

the resonant inductor current takes to become equal to the input current. During the delay time, 

the auxiliary switch is turned ON. The soft-switching condition by adding auxiliary elements. 

The number of added elements is between to for quasi-resonant type and in complex cells 

however, the converter number of elements of a converter is one of the most important 

considerations, since it greatly affects on the converter cost and volume. 
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    Fig. 1. Topology of the proposed dc–dc soft switching boost with hi-bridge auxiliary resonant    

                Circuit.  

       

   In a steady-state operation, the main inductor voltage V(t) is given by the following          

 equation: 

           VL (t) = Vin (D aux – Tr/T) + Vin (D main + Tr/T)   + (Vin − Vo) (1 − Daux − Dmain). 

Where  Tr is the resonant time between the resonant    inductor (Lr) and resonant capacitor 

(Cr). Dmain is the main-switch duty ratio and Daux is the auxiliary-switch duty ratio. After the 

delay time, the energy has accumulated in the main inductor. The switch is turned ON like a 

conventional boost converter. Thus, when the auxiliary switch is turned ON, the effect on the 

total duty is larger. From the volt–second balance for the main inductor, the voltage-conversion 

ratio is defined by the following equation. Fundamental frequency switching technique is utilized 

in our thesis, and the phase angle being calculated using the formula,  

Phase angle = θ / (360*f) 

           Where:   f= fundamental frequency 

                                                      θ= angle 

The above equation is used to calculate the phase angle of the pulse generator. 

III.RESONANT CIRCUIT 

           The following design procedure is based on the soft-switching turn-ON and turn-OFF 

requirements of the main switch, the main diode, and the auxiliary switch. 

Resonant Capacitor (Cr): 

           The resonant capacitor (Cr) is selected to allow ZVS of the main switch. In mode 8, the 

charging time of the resonant capacitor (Cr) must be longer for ZVS of the main switch. Thus, 

for the resonant capacitor (Cr), it is more than ten times the output capacitance of the main 

switch. Assume that the maximum current of the resonant inductor is IL max, and the sum of the 
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two inductor currents is the charging current of the resonant capacitor (Cr). In this case, the 

minimum resonant capacitor (Cr) is equal to 20 times the output capacitance of the main switch. 

When mode 8 is longer than mode 3, the defective duty ratio is lower. Thus, the time is chosen as 

0.1Ts. The resonant time of the resonant capacitor (Cr) and resonant inductor is given by. 

Furthermore, the charging time of the resonant capacitor for the output capacitor. In efficiency of 

this converter is compared with the efficiency of the proposed converter in this paper. Efficiency 

of the proposed converter is about 1% less because its conduction losses are more. However, 

there are fewer additional elements in the proposed converters and also the size of passive 

components employed in the proposed converters is considerably lower. The mat lab diagram for 

soft switching boost converter with hi auxiliary bridge resonant circuit is given below. 

 

           Fig. 2: Mat lab diagram for the proposed dc–dc soft switching boost converter with hi-         

                         bridge auxiliary resonant circuit.  

   After the current has reached zero, completes and the next switching cycle starts. The time 

consisted of the resonant time between Lr and Cr, and the time that the resonant inductor current 

takes to become equal to the input current. During the delay time, the auxiliary Switch is turned 

ON. After the delay time, the energy has accumulated in the main inductor. The switch is turned 

ON like a conventional boost converter. Thus, when the auxiliary switch is turned ON, the effect 

on the total duty is larger. 
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IV. OUTPUT VOLTAGE BOOST 

            The simulation waveforms of the main and auxiliary switch voltage and current, 

respectively. Before the main switch is turned ON, the body diode is turned ON. As a result, the 

main switch enables zero-voltage switching and the auxiliary switch performs soft switching. 

The two resonant capacitor voltage waveforms. By resonance with the resonant inductor, the 

resonant capacitor (Cr2) is charged and is charged in the manner of a sine waveform. At an input 

voltage of 170 V, the output voltage is adjusted to 435 V. 

     Additionally, the resonant current of the resonant inductor (Lr) and the resonant capacitor 

(Cr2) charges this capacitor. If the charging voltage of this capacitor is higher, the voltage stress 

of the switch is also higher. Consequently, this voltage must be lower than the output voltage.  

   The switch is turned ON like a conventional boost converter. Thus, when the auxiliary switch 

is turned ON, the effect on the total duty is larger. From the volt–second balance for the main 

inductor. Thus, for the resonant capacitor, it is more than ten times the output capacitance of the 

main switch. 

 

 

                                  Fig.3 Voltage waveform for Main switch and Auxiliary switch. 

V 
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Fig.4.Mainswitch Current Waveform 

    The maximum current of the resonant inductor is  and the sum of the two inductor currents is 

the charging current of the resonant capacitor. In this case, the minimum resonant capacitor is 

equal to twenty times the output capacitance of the main switch. The charging voltage of this 

capacitor is higher; the voltage stress of the switch is also higher. 

 

 

Fig.5.Diode output voltage Waveform 

 The main switch is turned ON, the body diode is turned ON. As a result, the main switch 

enables zero-voltage switching and the auxiliary switch performs soft switching. 
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                                        Fig.6.Auxilary switch voltage and current Waveform 

      The last one has a duty margin because the auxiliary switch is turned ON. Thus, it can be 

established that there is a higher voltage under the same duty ratio. The charging voltage of this 

capacitor is higher; the voltage stress of the switch is also higher 

  

   V.CONCLUSION 

      A new soft-switching boost converter has been proposed that uses an auxiliary switch and 

resonant circuit. The main switch performs soft switching under the zero-voltage condition by 

using a resonant capacitor and inductor, as does the auxiliary switch. The proposed converter has 

been analyzed in detail. The operation principles and theoretical analysis of the proposed 

converter have been confirmed by simulation results. In the proposed converters, inductors and 

coupling capacitor create resonant networks. There by, not only soft-switching condition is 

achieved, but also the passive components size is small. The proposed converter is suitable for 

applications such as high-efficiency converters, photovoltaic dc/dc converters, a power-factor-

correction circuit, and battery chargers.    
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