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Abstract 
Inverters are suited for applications where DC supply is converted to AC signal with desired waveform & adequate quality of power. 

Recently proposed Trans Z –source inverters and T –source inverters characterize improved power quality with the help of coupled 

inductors with turn’s ratio higher than one. This paper presents the concept of LC network based inverter. The built in DC current 

blocking capacitors connected in series with transformer windings and therefore prevent the transformer core from saturation. The 

novel LC network based inverter topology proposed in this paper characterize available continuous input current which is the 

advantage compared to TZSI and TSI. Simulations have been carried out in PSIM platform and results are presented to validate the 

proposed topology of the inverter system. 

 

Index Terms: Power quality, LC network, Impedance source inverter, Boost control, Shoot through state. 

-----------------------------------------------------------------------***----------------------------------------------------------------------- 

1. INTRODUCTION 

The increase of non-linear load due to proliferation of 

electronic equipment causes power quality in the power system 

to deteriorate. The Z-source inverters are one stage energy 

processing buck-boost inverters that are of great potential for 

power quality improvement in renewable energy systems. They 

contain unique passive input impedance networks [1] and 

utilize the shoot-through of the inverter bridge to boost DC 

input voltage. The ZSI was expected to be suitable interface for 

renewable generation units as its LC Z-network allows the 

input DC voltage to be varied as desired and its voltage boost 

gain can be theoretically infinite. Unfortunately, the ZSI boost 

ratio B and the modulation index M are interdependent which 

means that the increase in boost factor B results in lower 

modulation index M. Therefore in some low DC voltage 

applications which require a high voltage gain a 

disadvantageously small modulation index has to be used. 

Basic ZSI topology [1] suffers from discontinuous input 

current characterizing large di/dt and requires additional input 

filter which increases the element count and costs. 

 

The recent achievements in SiC material and device 

technology, particularly the increase in available operating 

frequency of power devices give the possibility to decrease the 

volume and increase the power quality of power electronic 

converters. This paper proposed the impedance network and 

transformer based inverter for power quality improvement in 

various applications 

 

 

 

2. PROPOSED IMPEDANCE SOURCE INVERTER 

The proposed impedance source inverter which is called LC 

network based inverter can be derived from basic Z – source 

inverter using the modification of impedance network. The 

method of obtaining different LC networks from the basic Z-

source network as shown in Fig 1 
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Fig-1: Modification of basic impedance source (a) 

conventional Z –source (b) transformer based equivalent circuit 

(c) discontinuous input current LC network (d) continuous 

input current LC network 

 

The circuit schematic of the proposed new type LC network 

inverter with inverted winding orientation of the transformer 

and two built-in DC-current blocking capacitors C1 and C2 is 

shown in Fig. 2. The occurrence of the two built-in DC current 

blocking capacitors is the main benefit of this proposed inverter 

over the ZSI. The unique property of this inverter is that no 

energy is stored in the transformer windings. The two DC-

current blocking capacitors connected in series with the 

transformer also prevent the transformer core from saturation. 

 

3. PRINCIPLE OF OPERATION 

The proposed inverter is described and shown in Fig. 2. The 

characteristic waveforms of the proposed inverter from Fig. 3  

 

 
 

Fig-2: Proposed Impedance network based inverter 

during the three operating modes: shoot-through mode 

(duration T0), non shoot-through mode with ID>0 (duration 

T1) and non shoot through mode with ID=0 (duration T2). 

 

 

 

 
 

Fig-3: Equivalent circuit in three operation modes (a) shoot 

through mode (b) non shoot through mode ID >0 (c) ID =0. 

 

The relationship of the capacitor voltages VC1 and VC2 are 

constant. DC source input voltage VDC in the steady state is 

related by the following equation: 

 

2 1C C DCV V V 
         (1) 

 

For input inductor L1 and input diode D voltages VL1 and VD 

and transformer voltages VL2 and VL3 can be written as: 
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For inductors voltages VL1, VL2, VL3 we have: 

 

1 2 3( )L L LV V V  
            (3) 

 

This describes the use of common core both for the transformer 

and input inductor. Because the inverted orientation of the 

transformer windings the DC link voltage Vi is equal: 

 

1 3i C LV V V 
          (4) 

 

Fig. 2(a) to Fig. 2(c) describes the equivalent circuits of 

proposed inverter during different operation modes. For the 

shoot-through mode during the interval T0 (Fig. 2a) it appears: 
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For the non shoot-through state with conducting input diode 

(first active state) during the interval T1 from the equivalent 

circuit, Fig. 2(b) for the input inductor L1 and transformer 

windings L2, L3 it can be written as: 
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During the second active state for an interval T2 from the 

equivalent circuit from Fig. 2(c), it can be written as: 

 

1 2 3 10,      0 ,     0  & L L L i CV V V V V   
             (9) 

 

The output voltage of the LC network based inverter can be 

controlled by the control of the capacitor C1 voltage. In the 

steady state the VC1 can be calculated as: 
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Comparisons of proposed impedance network based inverter 

with the several improvements of the basic ZSI topology have 

been recently obtained [2] - [10] as shown in Table - 1. 

Table -1:  Comparison of Proposed Inverter with Different 

Types of ZSI 

 

 

4. SIMULATION AND RESULT 

The transformer with the turns ratio set to 20:1 was used. The 

input inductor L1 is 3mH. Two capacitors: the built in DC-

current-blocking capacitor C1=400uF and the capacitor C2 

=140uF paralleling the DC link circuit during active mode 

operation were used.  

 

 
 

Fig-4: DC input voltage VDC and diode current ID 
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Fig-5: PWM signal  waveform 

 

 

 

Fig-6: Output current waveform of RL load 

 

 
 

Fig-7: Output voltage waveform of RL load. 

 

The transformer leakage inductance seen from the primary 

was set to minimize the negative impact of voltage spikes. The 

switching frequency of the system was 10 kHz. Light load 

operation of inverter was investigated to examine the 

theoretical analysis given in previous chapters. Figure 4 to 

Figure 7 shows the simulation results from the LC network 

based inverter system fed from 12V battery or PV cell and 

loaded with RL load. Simulations were carried out using the 

PSIM Simulation software. 

 

CONCLUSIONS 

The proposed topology of LC networked based inverter 

improved performance over the recently proposed Trans-Z-

source and T-source inverters. This inverter characterizes 

available continuous input current even during light-load 

operation. The negative impact of parasitic parameters of 

coupled inductors on the DC link voltage is significantly 

reduced. The unique topology of LC passive input circuit 

helps to prevent the transformer core from saturation. Due to 

application of two built-in DC current blocking capacitors in 

the circuit, no energy is stored in the two windings of the 

integrated transformer. Only one inductive element is used to 

store the energy during the boost operation. The average 

currents of two transformer windings over the period of the 

output voltage are equal zero. The inverters proposed in the 

paper are interesting alternative to other Z-source inverter 

modifications. Additionally they characterize reduced element 

count when compared to recently developed CqZSIs and 

EBZSI operated with the same voltage gain and the same 

shoot through ratio. Proposed topology can be further 

optimized using higher switching frequency of power devices 

(SiC transistors and SiC diodes). Therefore power quality 

improvement at output is expected to obtain with proposed 

inverter. 
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