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 Abstract 
olar energy is abundant in a lot of places and 

can be tapped to satisfy energy needs. The 

Photovoltaic(PV) arrays can be connected to 

an inverter to convert DC output of PV cells to AC 

supply for the grid. A type of inverter that we can 

use for this application is Quasi-Z-Source 

Inverter(qZSI). qZSI topology is able to remove 

multiple stages and achieve voltage boost and DC-

AC power conversion in a single stage. This paper 

presents modeling, design and operation of a qZSI. 

To verify the performance 

of the  inverter a 

Matlab/Simulink model of 

the inverter was built. 

Simulation results have 

been presented for the 

proof of the operation of 

the proposed inverter. 

 

Introduction 
he PV conversion system converts energy harvested from the sun light into 

a usable form of electrical energy. This in general requires an application of 

two stages conversion. The DC-DC conversion stage is where the output 

voltage from the PV array is regulated to a certain required level. Then before the 

power can be delivered to the grid or load, it must be converted to an alternative 

current (AC) form and this is done by the DC-AC inverter. A DC bus exists between 

the two stages to ensure a balance of power transfer between the source and the 
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loads including the energy storage if available, where the energy harvested from 

the source is kept temporarily before used. 

A traditional voltage-source inverter cannot have an ac output voltage higher than 

the dc source voltage and can only provide buck dc–ac power conversion. Shoot 

through, generated by both power switches in a leg, is forbidden in a voltage-

source inverter. A current-source inverter cannot have an ac output voltage lower 

than the dc source voltage; therefore, it provides only voltage boost dc–ac power 

conversion and it cannot tolerate an open circuit. For applications, 

where both buck and boost voltage are demanded, an additional dc–dc converter 

that acts as both a voltage- and current-source inverter, performs two-stage 

power conversion with high cost 

and low efficiency  (M. Shen,  et al 2007). 

To overcome limitations in traditional inverters,(F. Z. Peng,2003).  proposed the Z-

source inverter (ZSI) for single-stage power conversion with buck–boost abilities. 

Both power switches in a leg can be turned on at the same time and dead time can 

be eliminated. This significantly reduces the output waveform distortion and 

improves reliability. Work on ZSIs has focused on pulsewidth modulation (PWM) 

strategy (F. Z. Peng, et al 2005, M. Shen, et al 2006, P. C. Loh, et al 2005 and P. C. 

Loh, et al 2007)  applications (F. Z. Peng et al 2005, F. Z. Peng et al 2007, S. M. 

Dehghan, et al 2010 ), and other Z-network topologies (J. Anderson and F. Z. Peng 

2008, Y. Tang et al 2009,  M. K. Nguyen et al 2010). In , (J. Anderson and F. Z. Peng, 

2008, Y. Tang et al 2009,  M. K. Nguyen et al 2010).  a class of quasi-ZSIs (qZSIs) to 

overcome the shortcomings of the classical ZSI has been proposed. qZSIs have 

advantages, such as reducing passive component ratings and improving input 

profiles. 

Apart from literature review on previous works, this paper presents the modelling 

of each component in the qZSI inverter system which include each component 

from the PV source, L-C network of qZSI and the inverter. Simulation studies is 

carried out with Matlab/Simulink® software. 

 

TRADITIONAL Z-SOURCE INVERTER 

As mentioned in the introduction, the Z-source inverter (ZSI) is a new topology 

proposed to overcome the drawbacks identified in the existing traditional VSI. 

Figure 2- 6 shows the topology of Z-Source Inverter (ZSI). The main characteristic 

of the topology is the existence of impedance network formed by the inductors 

and capacitors between the source of input and the inverter stage. The existence 
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of this impedance network will allow for a situation which is not allowed in the 

traditional VSI; the shoot through or short-circuiting of the switches of the same 

leg at the inverter stage. By intentionally creating the shoot-through situation, the 

ZSI inverter able to boost the input voltage to produce an output voltage that 

cannot be achieved by the traditional voltage source inverter. As for the switching 

operation, several control techniques of pulse width modulation (PWM) either 

based on a sinusoidal PWM (SPWM) such as the simple 

boost control (F. Z. Peng et al 2007), maximum boost control (S. M. Dehghan, et 
al 2010)  and maximum constant boost control (J. Anderson and F. Z. Peng 2008); 
or based on a modified space vector PWM (MSVPWM) (Y. Tang et al 2009) , (M. K. 
Nguyen et al 2010) have been introduced. In the Z-source inverter, a shoot through 
operation is introduced within the zero switching states interval, when no voltage 
is applied across the inverter. This way, the original switching cycle is not 
interrupted but at the same time the voltage across the inverter is boosted. Based 
on the proposed ZSI, several others new topologies were introduced such as the 
Quasi Z-Source Inverter, Trans-Z- Sources Inverter (K. You and M. F. Rahman, 
2009), Switch Inductor Z-Source Inverter , Z-H Inverter and diode assisted 
extended boost qZSI, mainly with the purpose to enhance its voltage boosting 
capability.  

 
Figure 1: Topology of Z-source inverter. 

 

MODELLING AND ANALYSIS OF QUASI-Z-SOURCE INVERTER 

 
Figure 2: Quasi Z-Source inverter for PV inverter system. 
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Among all the newly developed topologies based on ZSI, the Quasi Z-Source 
Inverter (qZSI) shown in above Figure 2 is based on the drawbacks which are 
available with the original ZSI (specifically the voltage fed ZSI) where the input 
current is discontinuous during the boost period (shoot-through) and both the 
capacitors must sustain the high voltage stress. These problems are improved 
with qZSI, which produces a continuous input current at the input inductor, and a 
lower voltage stress on one of the capacitor with the same boost ratio. 
Furthermore, the qZSI topology itself has a common DC rail between the inverter 
and the input source. In terms of number component it has the least number of 
components compared with the other topologies, maintaining two inductors and 
two capacitors as the original ZSI. 
In grid-connected PV inverter system, there are several functions that the system 
must fulfil; ability to track the maximum power point (MPPT) in order to harvest 
the maximum power from the solar PV and the ability to realize a voltage and 
current control for smooth power flow to the load and grid. This presents design 
of parameters for the qZSI which includes the calculation for components rating 
in dealing with wide input voltage range of the PV for connection with the grid. 
Based on the provided results through simulation , it is shown that the inverter 
able to deal with variation range of input voltage and producing an output voltage 
suitable for grid connection. 
 

Analysis of the qZSI operation 

There are two states of operation in the conventional voltage source inverter 

(VSI); the active states when a non-zero voltage exists across the bridges and the 

zero states when either all upper and lower transistors are in ON or OFF condition 

(S1S3S5/S4S6S2 = 000 or 111) to produce a zero voltage condition across the 

bridges. In the qZSI, a shoot through condition (short-circuit of inverter switches) 

is purposely introduced during the zero states. Figure 3 shows the equivalent 

circuit of qZSI during both shoot-through and non-shoot-through operation. 

 

 
(a)                                                            (b)                                                                                    

Figure 3: Equivalent circuit of qZSI during (a) shoot-through and (b) non-shoot-through. 



 
 

 

 
 

 
237 

MEDITERRANEAN PUBLICATIONS 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – AAER  
VOL. 18 NO.5 JUN-2022 ISSN: 2079-5074 

EDITOR-IN-CHIEF 
Prof. Saeid Eslamian [IRAN] 

The shoot through interval is defined as T0, the non-shoot-through interval as T1 

and the switching period as Ts where Ts=T0+T1. The shoot-through duty ratio d is 

defined as d=T0/Ts. When the qZSI is in a shoot through condition for a duration 

of T0 from switching cycle of Ts, using the KCL, KVL, the following equations can 

be defined.  

                                          (3-4) 

 
Then when the qZSI is in an active states condition for duration of T1 from 

switching cycle of Ts, the following equations (3-5) can be defined. 

 

                                      (3-5) 

 
Considering the average voltage of the inductors and average current of the 

capacitors 

are zero over one cycle in steady state, from (3-4) and (3-5), 

 

 

                                    (3-6)  

             

 
 

From the above equations the capacitor voltage and inductor current can be 

obtained as, 

                                                      ( 3-7) 
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and the DC link peak voltage across the inverter �̂�𝑜𝑢𝑡be derived as 

                                       (3-8) 

It is shown from (3-7) and (3-8) that the capacitor voltage and the DC link peak 

voltage across inverter can be boosted from vin by varying the shoot-through duty 

ratio d accordingly. As for the case the input voltage comes from the output of PV 

arrays (𝑣𝑖𝑛 = 𝑣𝑝𝑣), if the capacitor voltage 𝑣𝑐1 can be controlled to be constant, the 

input voltage 𝑣𝑝𝑣 increases when the shoot-through time is decreased, and 

decreases when the shoot through time is increased as in equation (3-9). 

                                                                 (3-9) 

Considering this fact for the case of MPPT implementation, the maximum power 

point voltage (𝑉𝑚𝑝𝑝 = 𝑉𝑝𝑣) can be tracked by adjusting the shoot-through duty ratio 

d. 

 

Small signal model of qZSI network 

 
                                                            (a) 

 
(b)                                                            (c) 

Figure 4 (a) Model of grid-connected qZSI (b) during shoot-through operation and 

(c) during non shoot-through operation). 

Small signal model analysis of the qZSI network is necessary to obtain a transfer 
function that relates various variables in the network to be used for the controller 
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design. Figure 4 shows the small signal model of the qZSI used for the analysis. 
There are four state variables from the asymmetric qZSI network; current through 
two inductors 𝑖𝐿1 and 𝑖𝐿2 and the voltage across two capacitors 𝑉𝑐1 and 𝑉𝑐2. Here 
it is assumed that C1=C2=C, L1=L2=L, the stray resistances of inductors r1=r2=r and 
the equivalent series resistances of the capacitors R1=R2=R. Switch S represents 
when the switches of any leg in the inverter is in shoot-through condition. During 
the shoot-through states as in Figure 4 (b), the dynamic state equations based 
from (3-4) and considering the stray and series resistances r and R, are given as 
follow. 

                                                                     (3-10) 
Where 

   (3-11)                    
Then during the non-shoot-through states shown in Figure 4 (c), the dynamic state 
equations based from (3-5) is given as 

                                                                         (3-12)            
Where 

 

         (3-13) 

Using the state-space averaging, the DC side model of the qZSI can be obtained as 

                                                              (3-14) 
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Where 

                          (3-

15) 

 
The state variable small signal relationship is derived by introducing perturbations 

�̂� ,�̂�𝑖𝑛 and 𝑖̂𝑙𝑜𝑎𝑑 to d , 𝑉𝑖𝑛 and 𝑖𝑙𝑜𝑎𝑑 . This introduces a variation of  𝑖̂𝐿1 , 𝑖̂𝐿2 , �̂�𝑐1 and 

�̂�𝑐2 to the state variable  𝑖𝐿1 , 𝑖𝐿2 , 𝑉𝑐1 and 𝑉𝑐2 . The above variations is represented 

in the form of x = X + �̂� , where X are the DC terms and �̂� are pertubations of 

variables x = d , , 𝑉𝑖𝑛 and 𝑖𝑙𝑜𝑎𝑑  , 𝑖𝐿1 , 𝑖𝐿2 , 𝑉𝑐1 and 𝑉𝑐2 . By substituting x = X + �̂� into 

equation (3-14) and applying the Laplace transformation, the following small 

signal model of the multi-input multi-output qZSI network as shown inFigure 3-7 

can be derived [43]. 
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Figure 5: Small signal model of quasi Z-source network. 

Each small signal transfer function for the, �̂�𝑐(𝑠) and 𝑖̂𝐿(𝑠)   and to the �̂�𝑖𝑛(𝑠), 

𝑖̂𝑙𝑜𝑎𝑑(𝑠)  

and �̂�(s)  is obtained by assuming the other two inputs to be zero. The following 

equations (3-16) and (3-17) shows the transfer functions for the , �̂�𝑐  to �̂�  and 𝑖̂𝑙𝑜𝑎𝑑 

. for the capacitor voltage and inverter output current control. 𝑉𝑐1 , 𝑉𝑐2 , 𝑑0 , 𝑖𝑙𝑜𝑎𝑑 

, 𝑖𝐿1 and 𝑖𝐿2 ,  VC1, VC2,  are the given equilibrium point nearby where the system 

can be linearized 

(3-16) 

 

     
  (3-17) 

 

DESIGNING qZSI IMPEDANCE NETWORK 

The impedance network of the qZSI is comprised of the capacitors C1, C2 and the 

inductors L1, L2. The carrier wave frequency is 10 kHz, so the shoot through 

frequency fs for simple boost control method is twice of the carrier wave 

frequency, hence 20 kHz. Since the system operates in boost control mode for our 

application, we can calculate the maximum shoot through interval 𝑇0−𝑚𝑎𝑥 

     
 

The value of 𝑇0−𝑚𝑎𝑥  is obtained as 26 μsec for 𝑀𝑚𝑖𝑛 =0.85. The function of the 

inductors in the impedance network of qZSI is to limit the ripple in the current 

during boosting. For convenience sake the inductance of L1= L2=L. 
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The value of inductance is calculated as 300 μH. Upon simulation the value of 

inductance was varied and optimal value was found to be 100 μH and has been 

verified by pole-zero and bode plots. Similarly the calculation of the capacitance 

value is also done. During the non shoot-through state the capacitors are in series. 

The function is to reduce the ripple content of voltage on the inverter bridge and 

consequently the harmonic distortion of the inverter output as well. The value of 

capacitors are not same but again for the sake of convenience the values of C1 and 

C2 are taken equal as C1=C2=C. It is to be noted that in case of ZSI the values of the 

capacitance C1=C2 and for inductance L1= L2. This is not the case in qZSI during 

practical conditions where 

the capacitance value C2 is quite small compared to C1. But in order to make the 

calculation and simulation easier, such an assumption has been taken here. 

 
One of the methods to optimize parameters is to use bode plots and determine 
the optimum value for the inductor L and capacitor C in impedance network. The 
inductance L1 and L2 of the impedance network are represented by L and similarly 
the capacitance C1 and C2 are represented by C henceforth. Also pole-zero maps 
can also be utilized for the same purpose. The transfer function in equation 3.4 is 
of utmost importance and is used for designing the DC side controller. 

            (3.4) 

 
Figure 6: Changes in poles and zeros upon varying inductance with constant C=300 

μF 
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The transfer function representing perturbations in inductor current 𝑖̂𝐿2 and the 

shoot-through duty ratio �̂� is as given in equation 3.5 below. 

      (3.5) 

 

In the above transfer function equations 3.4 and 3.5 , I1=IPN −2IL and V1 =VC1 

+VC2−IPNR ,  where IL1 is taken equal to IL2 for simplicity. 

 

 
Figure 7: Changes in poles upon varying capacitance with constant L=100 μH 

 

For optimizing values of inductance L and capacitance C, both are varied with one 

kept constant at a time causing observational changes in the movement of poles 

and zeros. As  the inductance L is increased from 100 μH to 500 μH in with 

capacitance constant at 300 μF the variation in zeros is from negative real axis 

towards the origin in Figure 6. This signifies an increase in the non-minimum phase 

undershoots, while the movement of poles increases the system settling time and 

response. The non-minimum phase undershoot occurs in a lot of converters and 

typically is recognized by an undershoot to a step response. In the second case 

when we start varying capacitance C from 100 μF to 500 μF, Figure 7 shows the 

shifting of poles vertically towards the real axis, while the zeros stay constant.–

frequency characteristic changes steeply and the quality factor increases. The 

optimized value of the inductance L and capacitance C were found to be 100 μ H 
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300 μ F respectively. The others values for filter have been optimized by 

simulations. 

 

Table 3.1: Parameters used in Simulink qZSI model 

         L=100µH            C=300µF 

         R=0.08Ω            r = 0.15 

𝑳𝒇 = 𝟏𝟎𝟎𝟎µ𝑯 𝐶𝑓 = 110µ𝐹 

         𝑹𝑳 =5Ω            D = 0.28 

 
Sinusoidal PWM and shoot-through implementation 
 
The Pulse width modulation(PWM) strategy used in simulating qZSI is sinusoidal 
PWM(SPWM). In SPWM a triangular carrier wave and sinusoidal reference waves 
are used for generating signal for switches of the inverter. These signals are 
generated by comparing the reference wave with the carrier wave. A high signal 
is generated for reference wave > carrier wave. Similarly, a low signal is generated 
for vice-versa. The shoot through state basically involves the switches being open 
for longer time period. This can be accomplished by generating high and low for it 
and supplying simultaneously with the SPWM. Figure 8 shows the Simulink block 
diagram of SPWM and shoot through signals supplied to the inverter switches . 
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Figure 8: Sinusoidal PWM implementation in Simulink 

 

 

SIMUULATION AND RESULTS  

Corresponding to the DC link voltage VPN, the voltage on the AC side is observed 

to stay close to 230 V in Figure 9. The current in phase ’a’ of three phases also stays 

almost constant with minute variations around 45A - 46A. 
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              Figure 9: Output voltage in phase ’a’ of simulated qZSI model 

The Figure 9 and 10 show output voltage and current respectively in phase ’a’. 

 

 
   Figure 10: Output current in phase ’a’ of simulated qZSI model 

 

The shoot-through duty cycle value varies from 0.28 to 0.32. 
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Figure 11: Shoot through duty cycle for qZSI 

 

It is for most part of the period of 1.2 sec simulation, that the shoot-through duty 
ratio varies from 0.28 to 0.32 but during the initial part of the Figure 11 it is 
observed to be limited to 0.28. This happens because the input voltage goes to a 
high value for that duration and hence the boost ratio is less. Consequently the 
shoot-through has to be limited to the minimum value possible which is 0.28 here. 
This shoot-through range was obtained by using the boost factor B which is a ratio 
of the peak DC link voltage to the input voltage of the qZSI  i.e. PV array supply 
voltage to the qZSI.  
 

CONCLUSION 
Solar Photovoltaic are the major way to tap the solar energy. Since VSI need a 
boost converter to step-up the DC voltage prior to conversion, the cascading leads 
to higher cost. Usage of qZSI and other variants of ZSI is cost effective 
comparatively. The impedance network of  qZSI  was mathematically modeled. 
The design of the impedance network for the qZSI was accomplished by verifying 
the parameters using pole-zero maps. It was further confirmed by value 
optimization during the simulations. From the simulations, the proposed qZSI  is 
found to work satisfactorily according to the specification. Based on the results 
obtained, it could be safely ascertained that there is a lot of scope in developing 
variants of ZSI for higher efficiency with lower harmonic distortion. qZSI 
applications in the commercial and industry can be expected in the near future. 
 

References 
M. Shen, A. Joseph, J. Wang, F. Z. Peng, and D. J. Adams.( 2007). “Comparison of traditional 

inverters and Z-source inverter for fuel cell vehicles,” IEEE Trans. Power Electron., vol. 22, no. 
4, pp. 1453–1463.  



 
 

 

 
 

 
248 

MEDITERRANEAN PUBLICATIONS 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – AAER  
VOL. 18 NO.5 JUN-2022 ISSN: 2079-5074 

EDITOR-IN-CHIEF 
Prof. Saeid Eslamian [IRAN] 

 F. Z. Peng, (2003). “Z-source inverter,” IEEE Trans. Ind. Appl., vol. 39, no. 2, pp. 504– 510 
 F. Z. Peng, M. Shen, and Z. Qian, (2005). “Maximum boost control of the Z-source inverter,” IEEE 

Trans. Power Electron., vol. 20, no. 4, pp. 833–838.  
M. Shen, J. Wang, A. Joseph, F. Z. Peng, L. M. Tolbert, and D. J. Adams, (2006). “Constant boost 

control of the Z-source inverter to minimize current ripple and voltage stress,” IEEE Trans. Ind. 
Appl., vol. 42, no. 3, pp. 770–778.  

P. C. Loh, D. M. Vilathgamuwa, Y. S. Lai, G. T. Chua, and Y. Li, (2005). “Pulse- width modulation of 
Z-source inverters,” IEEE Trans. Power Electron., vol. 20, no. 6, pp. 1346–1355.  

P. C. Loh, F. Blaabjerg, and C. P. Wong, (2007). “Comparative evaluation of pulse width modulation 
strategies for Z-source neutral-point-clamped inverter,” IEEE Trans. Power Electron., vol. 22, 
no. 3, pp. 1005–1013.  

F. Z. Peng, A. Joseph, J. Wang, M. Shen, L. Chen, Z. Pan, E. O. Rivera, and Y. Huang, (2005.) “Z-
source inverter for motor drives,” IEEE Trans. Power Electron., vol. 20, no. 4, pp. 857–863.  

F. Z. Peng, M. Shen, and K. Holland, (2007). “Application of Z-source inverter for traction drive of 
fuel cell-battery hybrid electric vehicles,” IEEE Trans. Power Electron., vol. 22, no. 3, pp. 1054–
1061.  

S. M. Dehghan, M. Mohamadian, A. Yazdian, and F. Ashrafzadeh,( 2010). “A dual-input–dual-output 
Z-source inverter,” IEEE Trans. Power Electron., vol. 25, no. 2, pp. 360–368.  

J. Anderson and F. Z. Peng, “Four quasi-Z-source inverters, (2008)” in Proc. IEEEPESC’08, pp. 2743–
2749.  

Y. Tang, S. Xie, C. Zhang, and Z. Xu, (2009). “Improved Z-source inverter with reduced Z-source 
capacitor voltage stress and soft-start capability,” IEEE Trans. Power Electron., vol. 24, no. 2, 
pp. 409–415.  

M. K. Nguyen, Y. G. Jung, and Y. C. Lim, (2010). “Single-phase ac-ac converter based on quasi-Z-
source topology,” IEEE Trans. Power Electron., vol. 25, no. 8, pp. 2200–2210.  

K. You and M. F. Rahman, (2009). “Analytical model of conduction and switching losses of matrix-
Z-source converter,” J. Power Electron., vol. 9, no. 2, pp. 275–287.  

 

  


