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Abstract: In this paper, a novel DC-AC single phase inverter is proposed. When the switches are turned on and off, a 
conventional inverter generates switching loss because of the hard switching. Thus, the inverter loss is increased. Proposed 
system contains auxiliary circuit. The converter stage switches perform soft-switching because of the auxiliary circuit. Also 
inverter stage switches perform ZVS when the dc-link voltage is zero. Therefore all switches perform soft-switching when the 
switches are turned on and off. Thus the proposed system reduces switching loss and voltage stress. A modifying Prototype DC- 
AC single phase resonant inverter consists of soft switching boost converter and H-Bridge inverter is presenting. 

I. INTRODUCTION 
Nowadays, the power electronics are required to develop smaller, lighter, less expensive and reliable system. In order to operate 
these systems, a switching frequency has to be increased. But, increasing the inverter switching frequencies is dependent on the 
advances in device technology and makes higher switching losses. [1], [2]. 
To solve this problem, the soft switching techniques have been adopted in the inverter circuit. By the soft-switching techniques, the 
switching losses are ideally zero and the switching frequencies can be increased to above the audible range. In this paper, a novel 
DC-AC single phase resonant inverter using soft switching boost converter is proposed. This proposed inverter consists of soft-
switching boost converter and H-bridge inverter. The soft-switching boost converter in proposed inverter additionally has resonant 
inductor Lr, resonant capacitor Cr, bridge diode and auxiliary switch Q2. When the resonance between resonant inductor and 
capacitor is generated, the converter switches are turned on and off with soft-switching. Also H-bridge inverter switches are turned 
on and Off with ZVS when the auxiliary switch is turned off. So all of the switches are turned on and off with soft-switching. [3], 
[4], [5], [6] Therefore the novel DC-AC single phase resonant inverter using soft-switching boost converter can reduce the 
switching loss and voltage stress. In this paper, we have analysed the operational principle of the proposed resonant inverter. 
Simulation results presented to confirm the theoretical analysis. 

II. PROPOSED INVERTER 
 
 

 

 

 

Fig. 1 Proposed novel DC-AC single phase resonant inverter using soft switching boost converter 

Fig. 1 shows the proposed a novel DC-AC single phase resonant inverter using soft-switching boost converter. The auxiliary circuit 
in proposed inverter consists of an auxiliary switch, resonant inductor, resonant capacitor, and bridge diode. So, the main switch is 
turned on with ZCS and turned off with ZVS. Also the auxiliary switch is turned on and off with ZVS. Therefore, the converter 
stage switches perform the soft-switching. The H-bridge inverter performs the soft-switching under the influence of the dc-link 
voltage. When the auxiliary switch is turned off with ZVS, the dc-link voltage is zero. The inverter switches are turned on and off 
with ZVS while the dc-link voltage becomes zero. So all of switches in proposed inverter are turned on and off with soft-switching. 
Therefore, the proposed soft-switching inverter has many advantages like as improved efficiency, low switching losses, low voltage 
stress, reduced acoustic noise and EMI. Another significant advantage of the proposed topology is an excellent PWM capability due 
to not only variable link pulse but also variable pulse position. The proposed inverter operation mode analysis can be divided into 
six modes, as shown in Fig 2. Fig 3 shows the proposed waveforms for the novel DC-AC single phase resonant inverter using soft-
switching boost converter. 
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(ଷݐ~ଶݐ)(ଶݐ~ଵݐ)(ଵݐ~଴ݐ)

 

 (଺ݐ~ହݐ)(ହݐ~ସݐ)(ସݐ~ଷݐ)

Fig. 2 Operation mode diagrams for the novel DC-AC single phase resonant inverter using soft-switching boost converter 

Fig.3 Operation waveforms for the novel DC-AC single phase resonant inverter using soft-switching boost converte
III. EQUVALENT CIRCUIT ANALYSIS 
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Mode 1 (t0 t<t1): The resonant capacitor is discharged through resonant path Cr and Lr. The resonant inductor current begins to 
increase linearly from zero. Therefore, the main switch is turned on with ZCS influenced by resonant inductor. The energy of the 
main inductor is delivered to the load through the switches (S1, S4). 
The next mode is started as soon as the resonant capacitor has fully discharged. In this mode, the main inductor current is given by 

݅௟ଵ (ݐ) = ݅௟ଵ (ݐ଴) + ௏௜௡
௅

ଵݐ) −  ଴)  …………………………………………………. (1)ݐ
݅௅ଵ(ݐ଴) ≅ ௠௜௡ܫ ≅ ݅௅௥(ݐ଴)               …………………………………………………. (2) 

Initial resonant inductor current and capacitor voltage given by 
(௢ݐ)௅௥ܫ ≌ 0            ………………………………………………….......................  (3) 
௅ܸ௥(ݐ௢) ≌ ௢ܸ௨௧           ………………………………………………….................... (4) 

The resonant period is 
௥ݐ = గ

ଶඥܮ௥ܥ௥…………………………………………………................................ (5) 
The resonant impedance is 

ܼ௥ = ට௅ೝ
஼ೝ

…………………………………………………......................................... (6) 

The inductor current and resonant capacitor voltage in resonant period are given by, 

݅௟௥(ݐ) = ௅ଵ௠௜௡ܫ) − (଴ܫ + ଴ܫ cos ௥߱(ݐଵ − (଴ݐ + ௏బ
௓ೝ

sin ௥߱(ݐଵ −  ଴) …..(7)ݐ

௖ܸ௥(ݐ) = ଴ܸ cos ௥߱(ݐଵ − −(଴ݐ ௏బ
௓ೝ
௢ܼ௥ܫ sin ௥߱(ݐଵ −  ଴)        .......……..(8)ݐ

Mode 2 (t1 t<t2): When the resonant capacitor is fully discharged to Mode1, the anti-parallel diodes in inverter switches constitute 
current path. At this time, the inverter stage is zero. When the inverter stage is in the zero voltage condition, the inverter switches 
are given to PWM signal (S1, S4). So, inverter switches are turned on and off with ZVS. This mode isG maintained when the main 
switch is turned-off. The main inductor current is given by 

݅௟ଵ (ݐ) = ݅௟ଵ (ݐ଴) + ௏೔೙
௅

ଶݐ) −  ଵ)…………………………………………….........(9)ݐ
The resonant inductor current and resonant capacitor voltage are given by 

(ݐ)௅௥ܫ ≌ (ݐ)௅௥ܫ ≌  (10) .….……………………………………………… (ଶݐ)௅௥ܫ
௖ܸ௥(ݐଵ) ≌ ௖ܸ௥(ݐଶ) ≌ 0V…………………………………………………..............   (11) 

Mode 3 (t2˺ t<t3): When the switch is turned off with ZVS, the resonant inductor releases energy. Thus, the bridge diode is 
turned on.  The  dc-link  capacitor  is  transferred  to  main inductor  and  resonant  inductor  energy  through  the  bridge  diode. 
The resonant capacitor starts to charge main inductor energy.  At that time, the resonant inductor current and resonant capacitor 
voltage are given by 

݅௟௥(ݐ) = ଴ܸ + ቀூ೔೙
஼
− ଴ܸቁ cos ௥߱(ݐଷ − −(ଶݐ  

ூಽ(బ)

௓ೝ
sin ௥߱(ݐଷ −  ଶ)…….(12)ݐ

௖ܸ௥(ݐ) = ଴ܸ − ଴ܸ cos ௥߱(ݐଷ − (ଶݐ + ܼ௥൫ܫ௜௡ − ଴ܫ  − ௅(௢)൯ܫ sin ௥߱(ݐଷ −  ଶ)……………..….(13)ݐ
(ଷݐ)௅௥ܫ                              ≌ 0 ……………………………………………......... (14) 

In this mode, the main inductor current is given by 
݅௟ଵ (ݐ) = ݅௟ଵ (ݐଶ)− ௏బି௏೔೙

௅
ଷݐ) −  ଶ)    …………………………………….……….  (15)ݐ

(ଶݐ)௅ଵܫ                                   ≌  ௠௔௫ ………………………………………….………. (16)ܫ
Mode 4 (t3˺ t<t4): When the resonant inductor energy is fully released, the bridge diode is turned-off. This mode is maintained 
until the resonant capacitor voltage becomes 400[V]. The main inductor current flows continuously through the inverter 
switches (S1, S4). In this mode, resonant capacitor voltage is given by  

௖ܸ௥ (ݐ) = ூಽభିூబ
஼

ସݐ) − (ଷݐ + ௖ܸ(ݐଷ)………………………………………………… (17) 

௖ܸ௥(ݐସ) ≌ ௢ܸ௨௧……………………………………………...........................……. (18) 
Resonant inductor current is given by 

(ଷݐ)௅௥ܫ  ≌ (ସݐ)௅௥ܫ ≌ 0 …………………………………............………………. (19) 

Mode 5 (t4 ื t<t5): This mode is started when the resonant capacitor is fully charged. After that, the auxiliary switch is turned on 
with ZVS because the switch voltage is zero. When the main inductor current decreases linearly, the dc-link capacitor is 
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charged from the main inductor energy. Because the main inductor current flows through the anti-parallel diode, the auxiliary 
switch voltage is zero voltage. When the auxiliary switch current path is changed, the next mode starts. In this mode, the main 
inductor current can be expressed as 

݅௟ଵ (ݐ) = ݅௟ଵ (ݐସ)− ௏బି௏೔೙
௅

ହݐ) −  ସ)………………………………………… (20)ݐ

Mode 6 (t5 ื t<t6): In this mode, the auxiliary switch current path is changed because the dc-link capacitor starts to discharge. 
Therefore, the load is supplied the energy by the dc-link capacitor and main inductor. This mode maintains that the main 
inductor current equal to the resonant current. The main inductor current in this mode is expressed as 

(ݐ) ௟ଵܫ = −(ହݐ) ௟ଵܫ ௏బି௏೔೙
௅

଺ݐ) −  ହ)…………………………………….... (21)ݐ
(଺ݐ)௅ଵܫ ≌  ௠௜௡   …………………………………………… (22)ܫ
݅௅௥(ݐହ) ≌ ݅௅௥(ݐ଺) ≌ 0 ………….…………………………………………... (23) 
௖ܸ௥(ݐସ) ≌ ௢ܸ௨௧   ………….…………………………………………... (24) 

After this mode ends, returning the mode 1 

IV. SIMULATION RESULT 
This proposed resonant inverter is simulated to demonstrate the features and theoretical analysis. A 3kW prototype resonant inverter 
is built and simulated using the PSIM tool. The parameters used for simulations are as follow TABLE1 

TABLE1. Simulation parameters 

Vdc 200[V] 
Vdc-link 400[V] 

Main inductor 1000[ μ H] 
Resonant inductor 10[ μ H] 
Resonant capacitor 10[nF] 

DC-Link-Cap 1000[ μ F] 
Con. Switching Freq. 30[kHz] 
Inv. Switching Freq. 15[kHz] 

Fig. 4 shows simulation waveforms of converter stage in resonant DC-AC single phase inverter. During the resonance period 
between the resonant inductor and the resonant capacitor, the main switch and auxiliary switch are turned on and off with ZVS 
and ZCS. 

 
Fig.4 Simulation Waveforms of Converter stage in resonant DC-AC single phase inverter 
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Fig.5 Principle operation waveforms of the proposed resonant inverter 

 
Fig. 6 The waveforms of the voltage and the current of the main switch at turned-on and off with ZVS 

 
Fig. 7 The waveforms of the voltage and the current of the auxiliary switch at turned-on and off with ZVS 
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Fig. 8 The waveforms of the voltage and the current of the inverter switch at turned-on and off with ZVS

Fig. 5 presents principle operation waveforms of the proposed resonant inverter. When the switch current in inverter stage 
flows through the anti-parallel diode of inverter switch, the inverter switches maintain the freewheeling mode. Therefore, all 
inverter switches perform the soft-switching under the zero voltage condition. 
Fig.6 shows the main switch waveforms of the voltage and the current when the switch is turned and off with ZVS. 
Fig.7 shows the waveforms of the voltage and the current of the auxiliary switch at turned-on and off with ZVS. 
During the resonant period, the bridge diode is turned on. At this time, dc-link capacitor is charged from resonant inductor 
energy when the current flows through the anti-parallel diode of auxiliary switch. Therefore, the auxiliary switch has zero-
voltage condition. At this time, the switch is turned on with ZVS. 
Fig. 8 presents the waveforms of the voltage and the current of the inverter switch at turned-on and off with ZVS. All inverter 
switches have freewheeling mode, under the zero voltage condition. After this mode ends, returning the mode 1. 

V. PROTOTYPE CIRCUIT AND RESULTS 
A prototype is designed by using the control circuit as shown in the Fig.5.4 with a specified load values at input 15V and switching 
frequency 10 kHz, as shown in Fig.5.5 

 
Fig.5.5 Prototype of modified circuit 
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DC input voltage from the prototype circuit is 15v 

 
Fig.5.6 DC input voltage 

The triggering pulse for the switch S1 is shown in Fig. 5.7 

 
Fig 5.7 Switching pulse S1 

A 30V rms ac voltage is obtained across the resistance RL its frequency 20 kHz as shown in Fig. 5.7 

 
Fig.5.8 Output voltage 30V 
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VI. CONCLUSION 
In this paper, we proposed a novel DC-AC single phase resonant inverter using soft-switching boost converter. In this topology, all 
switches perform a soft switching by resonance between the resonant inductor and capacitor. So, the proposed topology can reduce 
the switching loss and voltage stress. The proposed inverter is analysed through the operation mode, and its validity is proven 
through simulation. 
The 15V DC is step up to 30V. The DC is converted into AC using single phase inverter. The pluses required by the MOSFETS, are 
generated using PIC micro controller. These pulses are amplified by using driver circuit. This circuit has advantages like reduced 
hardware and improves response. The experimental results are compared with simulation results. 
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