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Abstract: A soft-switching boost converter is presented 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 presented boost
converter utilizes a soft switching method using an auxiliary circuit with a resonant inductor and capacitor, auxiliary
switch, and diodes. Therefore, the presented soft-switching boost converter reduces switching losses more than the
conventional hard-switching converter. In this paper, the performance of the proposed soft-switching boost converter is
verified through the theoretical analysis, simulation, and experimental results.
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I. INTRODUCTION

SMPS have become smaller and lighter due to higher switching frequency. Hard Switching frequency causes lots of
periodic losses at turn ON and turn OFF .This Resonant converters have been introduced to reduce the Switching
losses[1][7][14].

To achieve the resonance many converters uses the auxiliary circuit which increases the complexity of the circuit as
well as its cost[4][12].

For some resonant converters with an Auxiliary switch, the main switch enables Soft switching, while the auxiliary
performs hard Switching[4][13]. These converters cannot improve the whole system’s efficiency owing to the
switching losses of the auxiliary Switch.

A new soft-switching boost converter with an auxiliary switch and resonant circuit is presented in this paper. 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
[7]. In this paper, some simulation results are presented for a 100W, 1-kHz prototype boost converter using Metal
Oxide Semiconductor Field Effect Transistor (MOSFET).
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I1. CONFIGURATION OF THE PROPOSED SOFT-SWITCHING BOOST CONVERTER

HI-Bridge Auxiliary Resonant Circuit
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Figure 1 Shows the Circuit diagram of SSBC

The proposed converter is shown in Figure. 1. The main switch (5; ) and the auxiliary switch (5; ) of the proposed
circuit enable soft switching through an auxiliary switching block, consisting of an auxiliary switch, two resonant
capacitors (Cr and Crz ), a resonant inductor (Lr ), and two diodes (D; and D,).

I11. 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

1) All switching devices and passive elements are ideal.
2) The input voltage (V;, ) is constant.

3) The output voltage (V, ) is constant. (Output capacitor C, is large enough.)
4) The recovery time of all diodes is igné)red.
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Figure 2 Operational modes of SSBC
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Mode 1 operates in the range t;< t<t;When the auxiliary switch turns ON, mode 1 begins. After turning ON the
auxiliary switch, the resonant inductor current begins to increase linearly from zero [2]. When the resonant inductor
current (i, ) is equal to the main inductor current at £; , model 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
zero [3].

Mode 2 operates in the range £; < £ < t;  immediately after the resonant inductor current 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. Mode 3 completes at £; [5]. At £, , the resonant inductor voltage is equal

to the output voltage. The resonant inductor current is the sum of the main inductor and resonant current. The resonant
capacitor Cr voltage is charged.

Mode 3 Operates in the range £;<t<t; The resonant capacitor (Cr ) voltage has reached zero, the body diode of main

switch is turned ON naturally. 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.
After the resonance in mode 2, the resonant inductor current is constant. The resonant capacitor (Cr ) voltage has been
strongly discharged in mode 2. Therefore, the resonant capacitor voltage is zero.

Mode 4 Operates in the range tz<t<t; The main switch turns ON under the zero-voltage condition. When the auxiliary
switch is turned OFF for the same condition, mode 4 begins. In this stage, the resonant inductor and resonant capacitor
(Cry) start the resonance [6]. After the quarter-wave resonance of Lr and ¢, the current of Lr is zero. Mode 4 is

complete and ¢, has been fully charged by the resonance.

Mode 5 Operates in the range £; =< t =tz The after mode 4 completes, the current flow of the resonant inductor Lr
reverses and the next stage starts. In mode 5, a reverse resonance of L and Cr; through the main switch and D5 occurs.
When the Cr; voltage has reached zero by resonance, the resonance of Lr and Cr; is complete and the Cr; voltage is
zero. During modes 4 and 5, the resonant capacitor voltage is charged and discharged [8].

Mode 6 Operates in the range tz<t<t; After the Cr; voltage has reached zero, the body diode of the auxiliary switch is
turned ON. 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 ;. However, the current flow is reversed.

Mode 7 Operates in the range £;<t<t; When the main switch is turned OFF under the zero-voltage condition, mode 7
starts. 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. Because the two inductor
currents charge the resonant capacitor Cr .

Mode 8 Operates in the range t; =t <tz At £; , the resonant capacitor Cr has been charged and the main diode
voltage is zero. 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, mode 8 completes and the next switching cycle
starts.
IV. DESIGN AND IMPLEMENTATION OF COMPONENTS

The duty ratio is calculated using equation (1)
D=1-—% (1)
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Critical inductance is calculated from equation (2)

Lr:Lzujl—:‘.-:rl_jDR @)
Critical capacitance is calculated from equation (3)
C.=Car- ®3)
Resonant inductance is calculated from equation (4)
"
L=t (@)
Where i; (£)}=imn
Resonant capacitance is calculated from equation (5)
Dmi‘rz: ;mi'r::i"l"
C?’ I?:L-F_,l'-:: H:VIJ: (5)

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. After the delay time, the energy has accumulated in the main inductor. The switch is
turned ON like a conventional boost converter [11]. Thus, when the auxiliary switch is turned ON, the effect on the
total duty is larger [9].
The converter is designed based on the above equations.

Parameters of the presented soft switching boost converter are shown in the below table I.

TABLE | SIMULATION PARAMETERS

Parameters Symbol Value Unit
Input voltage Vin 12 Vv
Output voltage Vo 48 V
Main inductor L 3.85 pH
Resonant inductor Lr 4.26 uH
Resonant capacitor Cr 20 nF
Auxiliary capacitor Cry 10 nF
Output Capacitor Co 1000 pF
Switching Frequency j - 1 KHz
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V. SIMULATION RESULTS

The MATLAB Simulation software is used to analyze the boost converter and soft switching boost converter with an
HI-Bridge Auxiliary resonant circuit [10]. These are designed using the parameters given in the table I. The simulink is
the tool for modeling, simulating, analyzing multi domain dynamic systems.
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Figure 3 Simulink diagram of Boost Converter

Figure 3 shows the simulink diagram of the conventional boost converter which has a main switch, main
inductor, capacitor. The output voltage 48V is obtained across the load resistor.

Figure 4 shows the switch current, voltage, inductor current and gate pulse waveform respectively of
conventional boost converter respectively [15]. When the switch is turned on the inductor current increases linearly
from zero, the switch current increases and the switch voltage decreases ,but during the turn on of the switch of the
conventional boost converter both the switch voltage and switch current are present leading to switching losses [17-19].
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Figure 4 (a)Main switch voltage (b)main switch current
(c)inductor current (d)switching waveform
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Figure 5 Output Waveform of Boost Converter

Figure 5 shows the output waveform of the boost converter.

=

Figure 6 Simulink Diagram of SSBC

Figure 6 shows open loop diagram of SSBC. For above circuit component values are designed and simulated using
MATLAB package. For an input voltage of 12V, desired output voltage 48V was obtained.
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Figure 7 Switching Waveform of SSBC for Open loop

Figure 7 shows switching wave form of SSBC. According to the modes of operation first auxiliary switch turned ON.
When the auxiliary switch turned OFF at that instant Main switch turned ON, this will be shown in above figure.

Figure 8 shows Resonant inductor current which increases linearly from Zero, when the auxiliary switch turned ON and
also the switching waveform of the main switch and auxiliary switch are shown.
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Figure 8 Switching waveform and Resonant inductor current
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Figure 9 Resonant inductor and Main Inductor current

Figure 9 shows the resonant inductor current and main inductor current waveform. According to the operating
mode when both inductor current will equal then resonant inductor voltage equal to the output voltage [16].
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Figure 10 Resonant Capacitor voltage and main switch Waveform
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Figure10 shows the resonant capacitor voltage waveform. The main Switch will turn ON when the resonant capacitor
voltage has reached zero.
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Figure 11 Diode waveforms and Resonant inductor

Figure 11 shows the voltage and current waveform of the main diode. The waveform shows that the diode is turned on
under ZVS condition as the inductor current is zero at the point of turn on of the diode.
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Figure 12 Zero Voltage Switching Condition in Main Switch

Figure 12 shows the ZVS condition in main switch. The main switch turns oN under the zero-voltage condition. When
the main switch voltage reaches zero
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Figure 13 Output Waveform of Open Circuit for SSBC
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Figure13 shows the output voltage waveform of the soft switching boost converter. The output is taken from the load
resistor.

VI. CONCLUSION

For chosen parameters the expected output voltage using soft switching boost converter is designed and developed. The
output voltage and inductor current obtained is greater than the expected level. The soft switching boost converter
minimizes the output voltage ripple and input current ripple. Hence the Soft Switching Boost Converter achieves ZVS.
The operation principles and theoretical analysis of the proposed converter have been confirmed by simulation and a
prototype of 100 W and 1 kHz. 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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