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ABSTRACT 

This project implements an impedance source converter for renewable energy applications to obtain high 

boosted DC output voltage with soft switching to reduce voltage stress and switching loss. It is then converted into 

AC using Full Bridge inverter with power factor improvement. A common grounded Z-source dc–dc converter with 

high voltage gain is proposed for photovoltaic (PV) applications, which require a relatively high output–input voltage 

conversion ratio. The proposed converter, which employs a conventional Z-source network, can obtain higher voltage 

gain and provide the common ground for the input and output without any additional components, which results in 

low cost and small size. Moreover, the proposed converter features low voltage stresses of the switch and diodes. 

The solar photovoltaic (PV) system configuration that uses high-gain high efficiency dc–dc converters both 

in the forward power stage and the bidirectional battery interface. The high-voltage gain converters enable the use 

of low-voltage PV and battery sources. This results in minimization of partial shading and parasitic capacitance 

effects on the PV source. 

KEY WORDS: Z-source converter, Power Factor Correction, High Voltage Gain. 

1. INTRODUCTION 

Solar photovoltaic (PV) has emerged as a major contender to serve as an alternative energy source and is 

currently playing a leading role in supporting the existing conventional power generation systems. Although the grid 

connected PV systems are in extensive use today, solar PV As an energy source was first employed for off-grid 

(standalone) Purposes ranging from low-power electronic gadgets. In stand-alone systems, maximum power point 

tracking (MPPT) is possible only if battery backup is present. A battery is needed to store the excess energy generated 

through MPPT, which the stand-alone load is unable to consume. For a PV power system, the converter has to 

provide a stable output voltage under the condition of varying input voltage. Therefore, the voltage mode control 

based on the developed small-signal model is adopted.  

A novel Z-source converter, which not only can achieve a high voltage gain, but also has the common 

grounded feature, and thus named common grounded Z-source dc–dc converter with high voltage gain. This 

converter makes some minor improvements on the basis of Z-source dc–dc converter and requires no additional 

components. The high voltage gain can be obtained via a little adjustment of the location of the load.   

Furthermore, this converter has some other advantages, such as the simple structure and low voltage stresses 

on the switch and diodes. The PV power systems are classified into single-stage systems and two stage systems. The 

control methods of the single-stage systems based on the Z-source/quasi-Z-source inverter are complex.  

The overall DC–AC inversion gains depend on the shoot-through duty cycle and modulation index by using 

these control methods. And the high voltage gains always result in poor output power qualities. The two-stage 

systems can realize high voltage gains with the proposed converter. The two-stage systems are expected to have high 

efficiency and MPPT algorithms can be independently applied to each PV pane.  

Based on the approached in, common grounded z-source converter in (Hanyun Shen, Bo Zhang, 2016), 

isolated full bridge boost converter in (Quioand, Smedley, 2001), soft switching novel DC-DC converter with 

coupled inductor in (Lei Jiang Mi, 2013) and on the studies of (Yujin and Enjeti, 2002; Singh, 2003; Huang and 

Mazumder, 2009; Do, 2011), this paper proposes the analysis and experimental verification of a z-source converter 

with soft switching results also an another side power factor correction made with AC conversion on output side. 

For this impedance source converter the paper presented in (Hanyun Shen, Bo Zhang, 2016) will helpful to improve 

the process of working with this converter. This references will help to do this proposed converter with more accurate 

results in both simulation and hardware analytical. 

Operation of the proposed converter and Conventional system: 

 
Figure.1. Basic model of an impedance source converter 
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Figure.2. Input Voltage Waveforms of Conventional 

Method 

Figure.3. Output Voltage Of Conventional 

Method 

Proposed converter structure: In the proposed topology of the common impedance source converter is used to 

convert the input dc voltage into a high output dc output voltage. This z-source converter consists of an inductance 

and capacitance connected as X shape with their connecting switch. It also having two diodes D1 and D2, capacitance 

and resistance as load. Basically the circuit diagram of this impedance source converter is input supply voltage from 

photovoltaic panels, diodes D1 & D2, Z-source network L1, L2, C1, C2, switch S, C3 capacitor for storing energy 

purpose and load resistance R.  

Condition for an impedance source converter: For this converter the following conditions should be arrange to 

getting better output performances 

 All the components are ideal for this proposed analysis. 

 In a z-source network the values of inductances are equal and capacitance also an equal values L1=L2=L, 

C1=C2=C. 

 The currents in L1, L2 and C1, C2 are linearly increasing and decreasing. 

Operational stages: 

Mode I: During this state 1, switch S and diode D2 are ON, diode D1 is OFF. Assuming that T0 is the interval of 

state 0 in a switch cycle T, and T0 = DT, where D > 0 is the duty cycle of S. There are two loops in this state: 

Loop1 is consisted of L1, C1 (or L2, C2), and S. C1 (or C2) discharges the energy to L1 (or L2); 2) loop 2 is consisted 

of C1, C2, D2, C3, and R. C1 and C2 discharge the energy to C3 and R. 

Mode II: During the stage 2, switch S and diode D2 are OFF, and diode D1 is ON. Assuming that T1 is the interval 

of state 1 in a switch cycle T, and T1 = (1 − D) T. There are two loops in this state:  

Loop1 is consisted of L1, C2 (or L2, C1), D1, and S. The input sources Vi and L1 (or L2) discharge the energy to 

C2 (or C1);  

Loop2 is consisted of C3 and R. C3 discharges the energy to the load R. 

  
 

Figure.4a. Proposed Structure Figure.4b. Mode-1 Operation of 

Proposed Structure 

Figure.4c. Mode-2 Operation 

of Proposed Structure 
Operation of Proposed Structure: In a proposed converter, there are two modes of operating stages depending 

upon the switch turn on and off it could be operated. In each and every stage there are two looping operation that can 

be eliminates switching stress in a proposed converter.  

 
 

Figure.5. Input voltage waveform Figure.6. DC Output Voltage of Proposed Method 
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Figure.7. Battery output voltage 

DC and AC waveforms: The waveforms of the proposed converter with the input and output voltages are shown in 

the fig.5 and fig.6, respectively. The input voltage Vi and output voltage Vo of a z-source converter are shown while 

the output voltage Vo voltages across resistance R. Fig.7, is delivers the battery output with the simulation circuit. 

In this project we also achieve an AC output for a grid application so the respective AC output waveforms are shown 

in fig.8. 

 
Figure.8. AC Voltage Waveforms of Proposed Structure 

 

Table.1. Current of each component in  

different states 

Table.2. Voltage of each component in  

different states 

 State 0 State 1 

𝐼𝐿1& 𝐼𝐿2 2 − 5𝐷 + 4𝐷2

1 − 2𝐷
𝐼0 

2 − 5𝐷 + 4𝐷2

1 − 2𝐷
𝐼0 

𝐼𝐶1& 𝐼𝐶2 3 − 7𝐷 + 4𝐷2

1 − 2𝐷
𝐼0 

3𝐷 − 4𝐷2

1 − 2𝐷
𝐼0 

𝐼𝑆 5 − 12𝐷 + 8𝐷2

1 − 2𝐷
𝐼0 

0 

𝐼𝐷1 0 2(1 − 𝐷)

1 − 2𝐷
𝐼0 

𝐼𝐷2 𝐼0 0 
 

 State 0 State 1 

𝑉𝐶1& 𝑉𝐶2 1 − 𝐷

1 − 2𝐷
𝑉𝑖 

1 − 𝐷

1 − 2𝐷
𝑉𝑖 

𝑉𝐿1& 𝑉𝐿2 1 − 𝐷

1 − 2𝐷
𝑉𝑖 

𝐷

1 − 2𝐷
𝑉𝑖 

𝑉𝑆 0 1

1 − 2𝐷
𝑉𝑖 

𝑉𝐷1 1

1 − 2𝐷
𝑉𝑖 

0 

𝑉𝐷2 0 1

1 − 2𝐷
𝑉𝑖 

 

Design equations: The proposed z-source converter consists of couple of inductor and capacitor to form an 

impedance circuit. It has some design calculation to achieve an high gain ratio of input and output. This will be 

achieved by strongest design calculation of inductor and capacitor. Here the inductance L1=L2=L and capacitance 

C1=C2=C.      

Inductors design: The values of inductors L1 and L2 are showed in (1) and (2) equations, respectively. The inductor 

L is calculated from a output current Io and it can be represented as below. 

The nominal duty cycle can be derived as   
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 When switch S is turned on, the following equation can be obtained according to the voltage current 

relationship (VCR) of inductor: 
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       (3) 

Where dtL is the time interval of state 0, and dtL = DT;diL is the current ripple of inductors during state 0, and 

diL = xL%IL. 

Then, we have 

       (4) 

By substituting the value of VL and IL we can get the following equation,   

     (5) 

Finally, we choose the maximum duty cycle, the maximum PV voltage, and the minimum output current to 

meet the requirements in any conditions 

     (6) 

Capacitors design: Here the capacitor design is mainly depends on the, rated voltage, nominal PV input voltage and 

permitted fluctuation range Xc% also with nominal output voltage Vo, and output power Po, 

When switch S is turned on, the following equation can be obtained according to the VCR of capacitor: 

        (7) 

Where dtC is the time interval of state 0, and dtC = DT; dvC is the voltage ripple of capacitances during state 

0, and dvC = xC%VC. 

      (8) 

By substituting the value of VC and Ic , we can get the value of capacitance value of a converter 

     (9) 

While choosing the minimum input PV voltage, minimum duty cycle and maximum output current, the 

capacitance value will be, 

     (10) 

3. SIMULATION CIRCUITS AND RESULTS 

The prototype of the proposed z-source converter according to the simulation parameters used in the 

proposed structure is presented table IV. 

The experimental results were obtained with the converter is boosted output voltage and ac output voltage. 

Figure.5, presents the waveform of input voltage get it from the photovoltaic panel. Thus will show the value of 100v 

with the input simulation parameters. 

 Figure.6, presents the waveform of output DC voltage from an impedance source converter. The average 

value of output voltage is about 250V to full fill the single phase voltage to run specifies application. 

Also here we going to calculate the power factor correction in an AC conversion by using of these DC output 

voltage as input to an inverter. 

Table.3. comparison of no of components 

Number of components  

 Inductor  Capacitor  Diode Switch 

Boost 1 1 1 1 

Proposed converter 2 3 2 1 

Z-source DC-DC converter 2 3 2 1 

Novel Z-source DC-DC converter 3 3 1 1 

Table.4. Simulation Parameters 

Parameters Values 

Inductor L1 & L2 220µh 

Capacitor C1 & C2 330 µF 

Capacitor C0 440 µF 

Switch S (IRF2807) 

Diodes, D1, D2 IN5408 (1000 V/3A) 

Switching frequency 30KHz 
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4. CONCLUSIONS 

This project has presented the work on z-source converter with soft switching using MATLAB SIMULINK 

tool. The proposed topology converter with PV panel was implemented and obtained DC voltage gets into AC 

voltage. The power factor correction and also battery storage was also done. An high gain DC output voltage has 

been received with respect to their normal low value of input. It has a high conversion ratio when compared to other 

converters. So compared with other type of converter this will improve the conversion ratio with less amount of 

voltage stress. The power factor correction also has been made on an inverter side. 

The proposed converter has the future of improvement in boost up voltage without any voltage stress with 

high voltage gain. This is the best advantages of this proposed converter and also it has a future in drive applications. 

REFERENCES 

Bai H, Mi C and Gargies S, The short-time scale transient process in high-voltage and high-power isolated 

bidirectional DC-DC converters, IEEE Trans, Power electro, 23 (6), 2008, 2648-2656. 

Do H.L, Non isolated bidirectional zero-voltage-switching DC-DC converter, IEEE Trans, Power Electron, 26 (9), 

2011, 2563 -2569. 

Hanyun Shen, Bo Zhang, A Common Grounded Z-Source DC–DC Converter With High Voltage Gain, IEEE Trans. 

on Ind. Electron, 63 (5), 2016. 

Huang R and Mazumder S.K, A soft-switching scheme for an isolated DC/DC converter with pulsating DC output 

for a three-phase high frequency-link PWM converter, IEEE Tran. Power electron, 24 (10), 2009, 2276-2288. 

Lei Jiang Mi, Siqi Li C.C, A Novel Soft-Switching Bidirectional DC–DC Converter With Coupled Inductors, IEEE 

Trans. on Industry Appl., 49 (6), 2013, 2730-2740. 

Li R, Potthars A, Frohleke N and Bocker J, Analysis and design of improved isolated full bridge bi-directional DC-

DC converter, IEEE Trans. Power Electron, 38 (8), 2004, 1151-1159. 

Li X and Bhat A.K.S, Analysis and design of high-frequency isolated dual-bridge series resonant DC/DC converter, 

IEEE Trans, Power Electron, 25 (4), 2010, 850 -862. 

Peng F.Z, Li H, Su G.J and Lawler J.S, A new ZVS bidirectional DC-DC converter for fuel cell and battery 

application, IEEE Trans, Power Electron, 19 (1), 2004, 54-65. 

Preeti Pauline mary and Sivachidambaranathan V, Enhancement of Active Power Filter Operational performance 

using SRF Theory of Renewable Source, Indian Journal of Science and Technology, 8 (21), 2015, 1-7. 

Preeti Pauline mary and Sivachidambaranathan V, Design of New Bi-directional Three Phase Parallel Resonat High 

Frequency AC Link Converter, International Journal of Applied Engineering Research, 10 (4), 2015, 8453-8468. 

Quioand C, Smedley K.M, An isolated full bridge boost converter with active soft switching, Proc. Power Electron, 

12 (4), 2001, 896-903.  

Singh B, Singh B.N, Chandra A, Al-Haddad K, Pandey A, Kothari D.P, A review of single-phase improved power 

quality AC-DC converters, IEEE Transactions on Industrial Electronics, 50 (5), 2003, 962 – 981. 

Sivachidambaranathan V, High frequency isolated series parallel resonant converter, Indian Journal of Science and 

Technology, 18 (15), 2015, 1-6. 

Wai R.J, Duan R.Y and Jheng K.H, High-efficiency bidirectional dc-dc converter with high-voltage gain, IET Power 

Electron, 5 (2), 2012, 173 -184. 

Yang L.S and Liang T.J, Analysis and implementation of a novel bidirectional DC-DC converter, IEEE Trans. on 

Ind. Electron, 59 (1), 202, 422-434. 

Yujin S and Enjeti P.N, A new soft switching technique for bi-directional power flow full-bridge DC-DC converter, 

Proc. Ind Appl, 18 (6), 2002, 2314-2319. 

Zhu Land Mia G, A novel soft-commutating isolated boost full-bridge ZVS-PWM DC-DC converter for bi-

directional high power applications, IEEE Trans. Power Electron, 21, 2006, 422-429. 

http://www.jchps.com/

