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Abstract— This paper presents an impedance-source power 

converter (abbreviated as Z-source converter) and its control 

method for implementing dc-to-ac power conversion for 

both linear and non-linear load. The Z-source inverter 

utilizing a unique LC network and shoot-through states 

provides unique features, such as the ability to buck & boost 

voltage with a single stage structure. The Z-source converter 

overcomes the conceptual and theoretical barriers and 

limitations of the traditional voltage-source converter 

(abbreviated as V-source converter) and current-source 

converter (abbreviated as I-source converter) and provides a 

novel power conversion concept. The Z-source concept can 

be applied to all dc-to-ac, ac-to-dc, ac-to-ac, and dc-to-dc 

power conversion. To describe the operating principle and 

control, this paper focuses on an example: A model of z-

source inverter fed to linear and non-linear load is built in 

MATLAB/SIMULINK and its performance is analyzed. 
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I. INTRODUCTION 

Traditionally, there exist two types of inverters which are 

voltage source inverter and current source inverter. An 

inverter belongs to the voltage source category, when 

viewed from the load side, the AC terminals of inverter 

functions as a Voltage Source. Similarly an inverter which 

behaves as a Current Source at its AC terminals is called a 

Current Source Inverter. 

A. Voltage Source Inverter  

VSI is a 3-Ø bridge inverter fed from DC voltage source (or) 

AC voltage source with diode rectifier as shown in fig 1. A 

large capacitor is connected at the input terminals to make 

the input DC voltage constant. Six switches are used in the 

main circuit; each composed of power transistor and an anti 

parallel diode to provide bidirectional current flow and 

unidirectional voltage blocking capability. There are eight 

switching states. In those eight states, six are active states 

and two are zero states. VSI can be operated as a stepped 

wave inverter or pulse width modulated (PWM) inverter. 

 
Fig. 1: Voltage Source Inverter 

B. Current Source Inverter 

CSI is 3-Ø bridge inverter fed from current source i.e. a 

voltage source in series with large inductor as shown in fig 

2. Six switches are used; each composed of Insulate Gate 

Bipolar Transistor (IGBT) or Metal Oxide Semiconductor 

Field Effect Transistor (MOSFET) with series diode to 

provide unidirectional current flow and bidirectional voltage 

blocking. Unlike VSI, CSI has nine switching states in those 

six are active states and three are zero states. The AC output 

voltage is greater than DC input voltage. 

 
Fig. 2: Current Source Inverter 

To conclude, although the traditional three phase voltage 

source inverter and three phase current source inverter has 

been widely used, it has some limitations and barriers that 

would finally limit the overall performance of the circuit and 

financially increases the system costs. Both of the three 

phase voltage source inverter and three phase current source 

inverter has the same common problems which are: 

 Both inverters are either boost or buck inverter. 

This means that both inverters have the limited ac 

output voltage that is either greater or smaller than 

the dc input voltage. 

 The main circuits of three phase voltage source 

inverter cannot be used for three phase current 

source inverter, or vice versa. 

 When it comes to reliability, both inverters are 

vulnerable to EMI noise. 

II. Z-SOURCE CONVERTER 

The fig.3 shows the general structure of Impedance Source 

Inverter. It employs a unique Impedance Network (or 

circuit) coupled with the inverter main circuit to connect the 

power source. In fig 4.3, a two port network that consists of 

a split inductor L1 and L2 and capacitor C1 and C2 

connected in X-shape is employed to provide an impedance 

source coupling the converter to the DC source, load or 

another converter. The DC source/or load can be either a 

voltage or a current source /or load. Therefore the DC 

source can be a battery, diode rectifier, thyristor converter, 

an inductor, a capacitor or a combination of those. Switches 

used in the converter can be a combination of switching 

devices and diodes such as the anti parallel combinations 

and the series combinations etc. This inverter has unique 

features compared with the Voltage and Current Source 

Inverters. 
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Fig. 3: The general structure of Impedance Source Inverter 

The Z-source concept can be applied to all dc-to-

ac, ac-to-dc, ac-to-ac, and dc-to-dc power conversion.  

III. INDUCTOR AND CAPACITOR REQUIREMENT OF 

Z-SOURCE NETWORK 

For the traditional V-source inverter, the dc capacitor is the 

sole energy storage and filtering element to suppress voltage 

ripple and serve temporary storage. For the traditional I-

source inverter, the dc inductor is the sole energy 

storage/filtering element to suppress current ripple and serve 

temporary storage. The Z-source network is a combination 

of two inductors and two capacitors. This combined circuit, 

the Z-source network is the energy storage/filtering element 

for the Z-source inverter. The Z-source network provides a 

second-order filter and is more effective to suppress voltage 

and current ripples than capacitor or inductor used alone in 

the traditional inverters. Therefore, the inductor and 

capacitor requirement should be smaller than the traditional 

inverters. Detailed design guide and formulas of the Z-

source network will be presented in a near future paper. A 

brief discussion is given below in terms of physical sizes 

and requirements. When the two inductors (L1 and L2) are 

small and approach zero, the Z-source network reduces to 

two capacitors (C1 and C2) in parallel and becomes a 

traditional V-source. Therefore, a traditional V source 

inverter’s capacitor requirements and physical size is the 

worst case requirement for the Z-source network. 

Considering additional filtering and energy storage provided 

by the inductors, the Z-source network should require less 

capacitance and smaller size compared with the traditional 

V-source inverter. Similarly, when the two capacitors (C1 

and C2) are small and approach zero, the Z-source network 

reduces to two inductors (L1 and L2) in series and becomes 

a traditional I-source [4]. Therefore, a traditional I-source 

inverter’s inductor requirements and physical size is the 

worst case requirement for the Z-source network. 

Considering additional filtering and energy storage by the 

capacitors, the Z-source network should require less 

inductance and smaller size compared with the traditional I-

source inverter. 

IV. EQUIVALENT CIRCUIT, OPERATING PRINCIPLE, 

AND CONTROL 

A. Equivalent Circuit and Operating Principle 

The unique feature of Z-source inverter is that its ac output 

voltage can have any value from zero to infinity regardless 

of dc voltage [4]. The three phase Z-source inverter has nine 

permissible switching states whereas conventional VSI has 

only eight switching states. The ZSI has two operating 

modes [2][3]: 

1. Non-shoot through mode 

2. Shoot through mode 

In non-shoot through mode the ZSI has six active vectors 

and two zero vectors. Active vectors come into role when 

the dc voltage is impressed across 3-phase load and zero 

vectors play their role when the load terminals are shorted 

through either the lower or upper three devices respectively 

[6][10]. The equivalent circuit diagram is shown in Fig. 4. 

 
Fig. 4: Z-Source inverter in non-shoot through mode 

In shoot through state the load terminals are 

shorted in both the upper and lower switching devices of 

same phase legs. The equivalent circuit diagram is shown in 

Fig. 5 [6][8]. 

 
Fig. 5: Z-Source inverter in shoot through mode 

B. Shoot-Through PWM Control 

1) Simple Boost Control 

There are several control methods such as: simple boost 

control1, maximum boost control, and maximum constant 

boost control. In traditional PWM switching sequence based 

on the triangular carrier method. In every switching cycle, 

the two non-shoot-through zero states are used along with 

two adjacent active states to synthesize the desired voltage. 

When the dc voltage is high enough to generate the desired 

ac voltage, the traditional PWM is used. The shoot-through 

period is generated by comparing the same triangular wave 

with straight lines or envelopes of the modulating signal or 

sinusoidal signal depending upon the technique used and 

inserted in the switching waveform with the help of OR 

gate. The working principle is almost the same as the one 

that traditional carrier based PWM has. In addition to six 

working states and two zero states the shoot through states 

will be added. 
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Fig. 6: Control method for Simple boost control 

The shoot-through impulses will be generated 

when the triangular carrier signal is greater than the upper 

shoot-through signal or lower than the lower shoot-through 

signal shown in fig-4. While the dc voltage is not enough to 

directly generate a desired output voltage, a modified PWM 

with shoot-through zero states will be used as shown in Fig. 

5 to boost voltage. It should be noted that each phase leg 

still switches on and off once per switching cycle. Without 

change the total zero-state time interval, shoot-through zero 

states are evenly allocated into each phase. That is, the 

active states are unchanged. However, the equivalent dc-link 

voltage to the inverter is boosted because of the shoot-

through states. 

The maximum shoot-through duty ratio is limited to 

Ds = 1- Ma 

Where, Ma is modulation index which indicates the ratio of 

modulating signal to amplitude of carrier signal. And duty 

ratio is defined as total time period taken in shoot during one 

cycle to total time period. 

The maximum shoot-through duty ratio reaches to 

zero when the modulation index one is. When the 

modulation index increases, the switching frequency of the 

inverter will also increase, as well as switching losses. 

 
Table 1[9]: Switching States of 3-Phase Z Source Inverter (! 

Sx Represents Complement Of Sx , Where X =1, 3, Or 5) 

Above table shows the switching sequence of Z- 

source PWM inverter with simple boost control method. 

There are total 15 state in which six active state, two zero 

state and seven shoot-through state which can be obtained 

by different combination of switching sequence. 

2) Maximum Boost Control
 
 

Maximum boost control method converts all traditional zero 

states to shoot-through while maintaining the six active 

states remain unchanged. This is obtained by comparing the 

maximum and the minimum curve of the sinusoidal 

reference with the triangular carrier. Whenever the 

maximum is lower than the triangular or the minimum is 

higher than the triangular, the inverter shoots through. 

Otherwise, it operates in the traditional PWM mode. By this 

control strategy the shoot-through duty cycle varies each 

cycle. The inverter gains maximum shoot-through time 

which in turn gives the inverter higher boost factor. Thus, 

with the same modulation index as in simple boost control 

method, we get higher voltage gain. Fig shows the 

maximum boost control strategy.[3] 

Fig. 7 shows voltage gain as the function of 

modulation index for both simple boost and maximum boost 

control method gives higher voltage gain for the same 

modulation index. 

To fully utilize the zero states so as to minimize the 

voltage stress across the device, maximum boost control 

turns all traditional zero states into shoot-through state, as 

shown in Fig. Third harmonic injection can also be used to 

extend the modulation index range. Indeed, turning all zero 

states into shoot-through state can minimize the voltage 

stress; however, doing so also causes a shoot through duty 

ratio varying in a line cycle, which causes Inductor current 

ripples [8]. This will require high inductance for low-

frequency or variable-frequency applications. 

 
Fig. 7 Maximum boost control method 

3) Maximum Constant Boost Control
 
 

The sketch map of maximum constant boost control is 

shown in Fig. This method achieves maximum boost while 

keeping the shoot-through duty ratio always constant; thus it 

results in no line frequency current ripple through the 

inductors.  

The sketch map of maximum constant boost 

control with third harmonic injection is shown in Fig. (b). 

With this method, the inverter can buck and boost the 

voltage from zero to any desired value smoothly within the 

limit of the device voltage.[3] 
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V. SIMULATION RESULTS, PROTOTYPE, AND 

EXPERIMENTAL RESULTS 

A. Simulation of Z-Source Inverter 

Here we simulate Z-source PWM inverter with two separate 

load linear and non linear. The linear loads are passive load 

i.e. R-load, R-L load, R-C load and R-L-C load but in this 

circuit we consider only R- load. And in non-linear load we 

consider a diode rectifier. 

Parameters Values 

DC Input Voltage 150 V 

Inductance for L1 and L2 150 μH 

Capacitance for C1 and C2 1000 μF 

Load Resistance R1, R2 and R3 10 Ω 

Switching Frequency 10 kHz 

Table 2: Mat lab Simulation Parameter 

B. Z-Source Inverter with linear load 

Z-source inverter with linear load is shown in fig. The 

applied DC input voltage is 150 volt and it gives the output 

AC line to line RMS voltage approx 396 volt. 

 
Fig. 8: MATLAB Diagram of Z-source Inverter for Linear 

Load 

 
Fig. 9: AC Output Voltage of Z-source Inverter for Linear 

Load without Filter 

 
Fig. 10: AC Output Voltage of Z-source Inverter for Linear 

Load with Filter 

C. Z-Source Inverter with non-linear load 

Z -source inverter with non- linear load which consist of a 

non linear device like diode, transistor, FET, MOSFET etc. 

In this work, diode is connected as load. The applied DC 

input voltage is 150 volt and it gives the output AC line to 

line RMS voltage approx 419 volt. 

 
Fig.11: MATLAB Diagram of Z-Source Inverter for Non-

Linear Load 

 
Fig. 12 AC Output Voltage of Z-source Inverter for Non-

Linear Load without Filter 
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Fig. 13: AC Output Voltage of Z-source Inverter for Non-

Linear Load with Filter 

D. FFT Analysis of Z-source Inverter for Both Linear and 

Non-linear Load 

From below results we see that non-linear load has more 

THD compared to linear load. 

  
Fig.14: FFT Analysis of Simulated Waveform of Linear 

Load 

 
Fig.15: FFT Analysis of Simulated Waveform of Nonlinear 

Load 

VI. CONCLUSION 

The Z-Source Inverter is simulated with the help of 

MATLAB/SIMULINK and the simulation results are 

obtained. The simulation results shows that boost operation 

can be obtained with Z-source inverter. In this project, the 

Impedance Source Inverter is used for DC to AC power 

conversion only. The Z-Source inverter employs a unique 

impedance network to couple the inverter main circuit to the 

power source and thus providing unique feature. Unique 

features include buck-boost inversion by single power 

conversion stage, improved reliability and low cost. It is 

observed that Impedance Source Inverter overcomes the 

drawbacks of Voltage and Current Source Inverter. It is also 

observed that the Impedance Source Inverter can be used in 

buck as well as boost mode of operation. 

In this thesis, a design is carried out of Z-Source 

PWM Inverter for linear load and non-linear load and 

analyzed simulated output voltage and THD for both linear 

and non-linear load.   
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