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Abstract— This paper presents the novel combination of ZSI 

with boost and buck boost converter. The proposed 

topologies have the advantages of low voltage stress, lower 

voltage gain and high power density. This uses only three 

switches and control method is also simple. In addition to 

that the step up in input side and inversion in output side is 

completely separated. The operating principle is explained 

and the circuits have been simulated in 

MATLAB/SIMULINK.             
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I. INTRODUCTION 

Inverters which are classifies as VSI and CSI have wide 

range of applications in Distributed power systems, 

Industries and UPS. The classical inverters have major 

drawback, here the input dc voltage is always lower than 

that of the output ac voltage. These inverters either can buck 

or boost the DC link voltage. In case for certain applications 

where both buck and boost is needed in that case an 

additional DC-DC converter is needed in the front stage of 

the inverter which will lower the efficiency and increase the 

cost. 

In order to overcome the above disadvantage of 

classical inverters the Z source inverters were introduced. 

These Z source inverters have unique topology which is 

composed of split inductors (L1 & L2) and capacitors (C1 & 

C2) in form of X shape. Z source inverters can buck or boost 

without an additional dc dc converter. The switches in same 

limb can be turned on at same time and can eliminate the 

dead time which is not possible in the classical VSI, because 

of this which reduces output waveform and improve 

reliability. 

Work on ZSI has focused on the traditional PWM 

and the modelling of the various kind of the equivalent 

circuits related to ZSI.  

In recent years the focus was on increasing the 

boost factor, which included the addition of the inductors 

and capacitors to the main circuit, to obtain high dc link 

voltage with low input voltage. Even the ZSI has got some 

disadvantages such as low frequency disturbance which 

results in abnormal output waveform and the passive 

components are more in ZSI. Now the Quasi ZSI and semi 

ZSI come into picture which will overcome the 

disadvantages of traditional ZSI. In this quasi ZSI and semi 

ZSI has the same output performance and the cost is low. 

These ZSI has also got some disadvantages such as absence 

of step up capability, high voltage stress, because of this 

they were not suited to many applications. 

By considering all the disadvantages in the 

previous topologies, this paper puts forward the improved 

topologies which has got the step up circuit type and 

advantages like fewer switches, lower voltage stress, sharing 

the same DC ground.  

II. TOPOLOGY DERIVATION 

We know the structure of traditional boost converter which 

is shown in the fig 2.1 and the other one is the basic 

structure of the semi ZSI shown in fig 2.2. This semi ZSI 

produce step down conversion and the step up converter is 

needed before the inversion stage in applications like 

photovoltaic (PV), fuel cell which constitutes two stage 

conversion system. So the boost converter is introduced in 

the front stage and the combination of these two are shown 

in fig. The other structure is the combination of buck boost 

converter and the semi ZSI. These two topologies have 

similar properties inly the electrical properties and the 

control part is different. The circuit configuration consists of 

three switches in which only two should be turned on at the 

time and the other one should be off.   

 
Fig. 2.1: Traditional boost converter 

 
Fig. 2.2: Structure of Semi ZSI 

 
Fig. 2.3: Combination of ZSI with Boost converter 
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Fig. 2.4: Combination of ZSI with Buck Boost converter 

III. OPERATION PRINCIPLE 

Assuming that the Inductors L1 & L2 have same inductance 

and the Capacitors C1 & C2 have same capacitance 

respectively, the Z-impedance network becomes 

symmetrical and the inductors and capacitors act as resonant 

circuits. Now let us discuss the operation of the fig 2.3 and 

then the operation of fig 2.4. 

A. Combination of ZSI with Boost Converter: 

1) Mode 1: 

In this mode, initially inductor L1 & L2 are energized, in 

inductor Lf  the energy will be De energized and capacitors 

will be completely out of charge.  

Here switches S1 & S3 will be turned on and switch 

S2 will be turned off. Here the inductor Lf will be energized, 

inductors L1 & L2 will de energizes and charge the capacitors 

C1 & C2 and the current flow is shown in the Fig 3.1. 

 
Fig. 3.1: Mode 1 

2)  Mode 2: 

In this mode switches S1 & S2 will be turned on and switch S3 

will be turned off. Here the inductor Lf will continue as same 

in mode1, now the capacitors C1 & C2 will discharge and 

energize inductors L1 & L2, output capacitor Co will 

maintain the output voltage and current flow is shown in the 

Fig 3.1. 

 
Fig. 3.2: Mode 2 

3) Mode 3:  

In this mode switches S2 & S3 will be turned on and switch S1 

will be turned off. The inductor Lf  will de energize,  and 

both input supply and inductor Lf will supply the load.  For 

inductors L1 & L2  and capacitors C1 & C2 same will repeat 

as mentioned in Mode 2 and current flow is shown in Fig 

3.3 

 
Fig. 3.3: Mode 3 

B. Combination of ZSI with Buck Boost Converter: 

1) Mode 1  

In this mode, initially capacitors C1 & C2 will be charged    

inductor Lf will be De energized. 

Here switches S1 & S3 will be turned on and switch 

S2 will be turned off.. Here the inductor Lf will be energized, 

the capacitors C1 & C2 will discharge and energizes 

inductors L1 & L2  with the input supply and the current flow 

is shown in the Fig 3.4 

 
Fig. 3.4: Mode 1 

2) Mode 2: 

In this mode switches S1 & S2will be turned on and switch S3 

will be turned off. Inductor Lf  continues as in the mode1,   

Inductors L1 & L2  will de energize and charge capacitors C1 

& C2 and output capacitor Co will maintain output voltage. 

Current flow is shown in the Fig 3.5 

 
Fig. 3.5: Mode 2 

3) Mode 3: 

In this mode switches S2 & S3 will be turned on and switch S1 

will be turned off. The supply will not flow through circuit,. 

Inductor Lf  will supply the load in this mode. For inductors 
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L1 & L2  and capacitors C1 & C2 same will repeat as 

mentioned in Mode 2 and current flow is shown in Fig 3.6. 

 
Fig. 3.6: Mode 3 

IV. SIMULATION RESULTS 

As we have understood the circuit operation in the section 

III, now it is necessary to simulate the circuits in 

MATLAB/SIMULINK. The parameters for the simulation is 

shown in the below table. Both the circuit topologies have 

been simulated which are shown in the Fig 4.1 and Fig 

4.2.The results of the both topologies are shown in the Fig 

4.3 and Fig 4.4. Both the current waveforms and voltage 

waveforms of boost and buck boost converter with ZSI are 

shown.  

Symbols Names Values 

Vin Input DC voltage 90V 

Vrms Output rms voltage 110V 

A Output voltage gain 1.75 

K Maximum boost ratio 2 

Lf Boost inductance 675Uf 

L Inductor (L1 & L2) 1mH 

C Capacitor (C1 & C2) 18.8uF 

Co Output capacitance 23.5uF 

fsw Switching frequency 20KHz 

PN Full load power 500W 

Table 1: Parameters for Simulation 

 
Fig. 4.1: Simulation of circuit mentioned in Fig 2.1 

 
Fig. 4.2: Simulation of circuit mentioned in Fig 2.2 

 
Fig. 4.3: Results of Fig 2.1 a) Related current waveforms 

b) Related voltage waveforms 

 
Fig. 4.4: Results of Fig 2.2 a) Related current waveforms 

b) Related voltage waveforms 
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V. CONCLUSION 

This paper presents a novel combination of ZSI with boost 

and buck boost converter which is suitable for single phase 

application. When compared to conventional ZSI this has 

got less switches, low voltage stress and high power density. 

The unique feature of dual grounding which makes 

preferable for renewable power generation especially for PV 

application. This is also preferred for nonisolated 

medium/high stress occasion because of its low voltage 

stress under high step-up conversion The operation principle 

are explained in detail and circuits have been simulated in 

Matlab/Simulink, thus results are verified.  
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