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Abstract 
 

This paper proposes the use of Z-source inverter with a modified carrier based 
pulse width modulation technique for photovoltaic systems. In this modified 
technique, two carrier waves and three reference waves are used to produce 
the required switching pulses. This paper manifests that the Z-source inverter 
can boost DC voltage when needed, perform maximum tracking and minimum 
output distortion, and interface with photovoltaic system. The control method 
is analyzed to exhibit the novelty of features. The control algorithm is 
corroborated by simulation and experimental results. A comparison in 
harmonic distortion between the new and traditional pulse width modulation 
techniques is performed.  
 
Keywords: Z-source inverter;Photovoltaic;Double Carrier PWM;Total 
harmonic distortion  

 
 
Nomenclature 
A  : Diode ideality factor 

B : Boost factor 
sd  : Shoot-through duty ratio 
GE  : Band-gap energy of the semiconductor 

I  : Photovoltaic output current 
pI  : Photocurrent 

sI  : Saturation current of PV cell 
rsI  : Reverse saturation current 
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scI  : Short circuit current of PV cell 
k  : Boltzmann’s constant (=1.38x10-23J/K) 

iK  : Cell’s short circuit temperature coefficient 
M : Modulation index 

pN  : Number of cells connected in parallel 

sN  : Number of cells connected in series 
q : An electron charge (=1.6x10-19 C) 

sR  : Series resistance 
shR  : Shunt resistance 

THD : Total harmonic distortion 
oT  : Shoot-through time period 

T : Switching time 
cT  : Cell’s working temperature 

refT  : Cell’s reference temperature 
V  : Photovoltaic output voltage 

acV  : Output peak phase voltage 
ocV  : Open circuit voltage of PV cell 
offV  : DC offset voltage 
tV  : Peak of the carrier wave 
sV  : DC voltage across impedance network 

VSI : Voltage source inverter 
ZSI : Z-source inverter 
λ : Solar insolation 
 
 
Introduction 
The conventional fossil fuel energy sources such as petroleum, coal and natural gas 
which meet most of the world’s energy demand today are being exhausted rapidly. 
The renewable energy sources are attracting more attention as an alternative energy. 
Among the renewable energy sources, the photovoltaic (PV) energy is being widely 
utilized because of the ubiquity, abundance and sustainability of solar radiant energy. 
These photovoltaic cells or solar cells directly use the energy from the sun to generate 
electricity. In PV based power conditioning systems, the interface converter system 
acts as a key component. Presently, the voltage source inverter (VSI) is employed as 
the interfacing converter. But there are several disadvantages of such an inverter: a) It 
is only a buck converter for DC-AC power conversion. When the PV array voltage is 
lower than the required AC voltage, an additional DC-DC boost converter is needed 
to obtain the desired AC output. The additional boost converter increases the system 
cost and reduces the overall efficiency. b) The two switches from the same arm of the 
inverter cannot be gated on simultaneously. Otherwise, a shoot-through will destroy 
the devices. c) Dead-time must be employed, which will cause output current 
distortion. 
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Figure 1: Z-Source inverter 
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Traditional PWM Techniques for Z-Source Inverter 
For an output voltage boost to be obtained, a shoot-through state should always be 
followed by an active state, i.e., shoot through states should be incorporated without 
affecting the active states. Thus, minor modifications in the traditional three phase 
sinusoidal PWM technique will yield various PWM   control strategies for the ZSI. 
There are three traditional PWM control strategies for ZSI. They are simple boost 
control, maximum boost control, and maximum constant boost control methods. 
 
Simple Boost PWM 
The simple boost control method employs two straight envelops equal to or greater 
than the peak value of the three phase sinusoidal reference signals to control shoot-
through duty ratio in a traditional sinusoidal PWM. The circuit is in shoot through 
state when the high frequency triangular carrier is greater than the upper straight line 
envelope or lesser than the lower straight line envelope. In this method the voltage 
stress across the switches is quite high, which restrict the    obtainable voltage gain 
because of the limitation of device voltage rating. As during shoot through all the 
switches are ON, switching losses are high. 
 
Maximum Boost PWM 
The maximum boost control is quite similar to the traditional carrier-based PWM 
control method, but this control method maintains the six active states unchanged and 
turns all zero states into shoot through zero states. The circuit is in shoot through state 
when the triangular carrier wave is greater than the maximum curve of the reference 
or lesser than the minimum curve of the reference. This method turns all the zero 
states into shoot through state thus minimizing the voltage stress across the switches. 
However it causes shoot through duty ratio to vary in each cycle, thus increasing the 
ripple content in inductor current. When the output frequency is low, the inductor 
ripple becomes significant and a large inductor is required. This increases the cost and 
size of the circuit [4]. 
 
Maximum Constant Boost PWM 
In maximum constant boost control method the straight   envelops of simple boost 
control method are replaced by two sinusoidal signals of three times the frequency of 
sinusoidal modulating signals. Thus this method involves three reference sinusoidal 
signals and two shoot through envelopes. The circuit enters shoot through state 
whenever the high frequency triangular wave is greater than the upper shoot-through 
envelope or lesser than the lower shoot-through envelope [5]. This method achieves 
maximum boost while keeping shoot through duty ratio constant all the time, thus 
reducing ripple content in inductor current compared to maximum boost control 
method. 
 
 
Proposed Double Carrier PWM Technique 
This method employs three phase sinusoidal reference signals, Va, Vb, and Vc and two 
triangular waves of high frequency as carrier signals. One of the carrier wave is with 
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zero dc offset value whereas the other carrier wave is up-shifted to certain dc offset 
voltage ( offV ) to control shoot through duty ratio. Gating pulses which are obtained 
by comparing lower triangular wave (with zero dc offset) and reference wave is given 
to the upper leg devices of inverter circuit, whereas the pulses obtained by comparing 
upper triangular wave and reference wave is inverted and given to the lower leg 
devices of inverter circuit [6]. Fig.2. shows double carrier control waveforms. 
 In the other control methods modulation index has to be minimum to get 
maximum boost factor. But the voltage stress increases with minimum modulation 
index. This limitation is eliminated in the newly proposed double carrier control 
method. 
 
This control method has the following features over the other traditional control 
methods 
• Unlike other methods, the boost factor is made independent of the modulation 

index. 
• Number of shoot through states per cycle of carrier wave is increased when 

compared to other methods. 
• Switching loss is reduced as only one of the phase legs is gated during shoot 

through states. 
• It involves alternative active state and shoot through state and no zero states. 

Hence, it reduces the ripple content in inductor current. 
• The voltage stress across the switches is reduced as modulation index could be 

kept high.  
• This method enhances the fundamental voltage by reducing the total harmonic 

distortion. 
 

 
 

Figure 2: Double carrier PWM waveforms 
 
 

 Given its many benefits, this paper now examines the          relationship of voltage 
boost and dc offset voltage. 
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 The photovoltaic output voltage changes mainly with temperature, while the 
photovoltaic output current changes mainly with insolation. When the temperature 
rises, the PV output power decreases with a constant insolation. With constant 
temperature specified, the PV output power increases when the insolation increases. 
Thus the main function of the interfacing the Z-source inverter is to extract the 
maximum power out of the PV at any given temperature and insolation. In the Z-
source inverter, the output voltage can be controlled to the desired level by controlling 
the shoot-through time period. Thus the shoot-through state is used to control the 
MPPT. 
 The Z-source inverter interfacing the PV is developed in Matlab/Simulink. In this 
paper, four numbers of PV modules are connected in series to make a PV array, which 
acts as the DC source to the Z-source inverter. The inductors in the impedance 
network limit the current ripple through the devices during boost mode with shoot-
through. The capacitors in the impedance network absorb the voltage ripple and 
maintain a reasonably constant voltage across the bridge [10]. For both simulation and 
experiments, the impedance network elements are designed with the following values: 
L1=L2=3mH and C1=C2=1000μF. The switching frequency is 5 kHz and the 
fundamental frequency is 50Hz. The semiconductor devices in the inverter bridge are 
selected based on the current through them and the maximum voltage across them. 
Here IGBTs are taken as the switching devices. The complete system is simulated and 
the output voltage and current waveforms are shown in Fig.7. 

 

 
 

Figure 7: Simulation waveforms 
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Figure 9: Experimental setup 
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Figure 10: Switching pulses obtained in experiment 
 

 
 

Figure 11: Experimental output line voltage waveform 
 
 

 Fig.12 shows the experimental harmonic spectrum of the output line voltage of the 
Z-source inverter. 
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Figure 12: Harmonic spectrum of output phase voltage 
 
 
 In this double carrier PWM, there are six shoot-through states distributed in a 
switching cycle, whereas in other traditional PWM techniques only two shoot-through 
states are inserted in a switching cycle. So in the proposed PWM technique, the 
switching frequency viewed from the impedance network is very high. It reduces 
distortion in the output waveforms. The variation of THD on the output voltage with 
the voltage gain for the traditional and proposed PWM methods are analyzed. The 
comparison is shown in Fig.13. Since all the zero states are converted into shoot-
through states, the high value of voltage gain can also be achieved. 

 

 
 

Figure 12: THD comparison of all PWM methods 
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Conclusion 
Z-source inverter with a new modulation technique is proposed. In this new 
technique, more shoot-through states are inserted during the carrier wave period, and 
offer a better boost factor and lowers distortion. By controlling the DC offset voltage, 
the shoot-through duty cycle and hence the PV array output voltage is controlled and 
the maximum power point tracking is achieved. So the proposed system substantiates 
the boost and inversion in single stage with maximum power tracking and minimum 
harmonic distortion. Theoretical analysis and control algorithm are presented in this 
paper. The photovoltaic array is modeled and developed in the Simulink environment. 
Using Matlab/Simulink software package the    Z-source inverter with the PV is 
simulated to verify the proposed algorithm. The frequency spectrum and the total 
harmonic distortion of the output voltages are obtained. Also the presented concepts 
are verified experimentally using a laboratory prototype. A comparison is made in the 
THD of the output voltage between the new control and traditional control methods. 
The results show that the new proposed double carrier PWM technique gives 
minimum THD. So the proposed control is very promising for photovoltaic 
applications. 
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