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Abstract: This paper presents the modeling and simulation of a novel topology of quasi 
Z-Multilevel Inverter with stepped DC input. The proposed inverter incorporates  
a simple switching technique with reduced component count and is aimed at producing 
boosted multilevel output AC voltage. The inverter consists of two stages and the buck 
/boost operation is obtained by varying the shoot through period of the pulses obtained 
by maximum constant boost control with third harmonic injection. With all the advan-
tages of the quasi Z-network, the proposed inverter eliminates the fly back diodes and 
capacitors present in a conventional Z-Multilevel Inverter. Further the stress on the de-
vices is less which leads to reduction in component value and hence the cost. The novel 
stepped DC coupled Single Phase quasi Z-Multilevel Inverter is modeled and simulated 
in the MATLAB – SIMULINK environment and its performance is analyzed for varying 
input and switching conditions. The voltage and current waveforms across each stage of 
the inverter is analyzed and the results are presented for different levels of input. 
Key words: multilevel inverter, shoot through, quasi Z-Source, modulation index 

 
 

1. Introduction 
 
 Since its advent, the Z-Source Inverter [1] is gaining popularity among researchers because 
of its advantages like a single stage buck/boost operation, higher efficiency and inclusion of 
shoot through states in switching pulses. Continuous research is being performed on various 
areas of the Z-Source Inverter like topological changes, advancements in control schemes and 
promoting to different applications. Topological renovation is one area where fast develop-
ments are being encountered to improvise the performance from its predecessor and to reduce 
the stress on the device. The quasi Z-Source Inverter and Extended Boost quasi Z-Source In-
verter are one of its types that reduce the stress on the LC component and have a high boost 
value which was described in [2-3]. The soft start capability is obtained by the Improved  
Z-Source Inverter which was proposed in [4]. Trans Z-Source Inverter is a modular structure 
that uses coupled inductors and center tapped capacitors for power conversion which was 
discussed in [5]. Reference [6] shows different types of LC combinations in the T-Source 

 - 10.1515/aee-2016-0032
Downloaded from De Gruyter Online at 09/19/2016 10:49:14AM

via free access



                                                      T. Meenakshi, N. Suthanthira Vanitha                                  Arch. Elect. Eng. 438

Inverter and it also highlights the manipulation of output voltage for different transformer 
turns ratio. Frequency changes in the output voltage along with the buck-boost operation are 
brought by the Z-Source buck-boost matrix converter as given in [7]. Reference [8] discusses 
the topology to produce multilevel output with the Z-Source Inverter that used modified phase 
disposition pulse width modulation and modified phase shifted carrier scheme for pulse 
generation. The structure of the three phase neutral point clamped Multilevel Z-Inverter pro-
posed in [9] is shown in Fig. 1. 
 It uses 12 switches, 6 fly back diodes and needs two Z-network or single Z-network 
depending on the type of the modulation technology. Further expanding the number of levels 
in the output voltage is difficult as far as this topology is concerned. The modulation scheme 
proposed for this inverter was modified phase disposition pulse width modulation and mo-
dified phase shifted carrier scheme which is more complicated than that used for the primitive 
Z-Inverter.  
 

 
Fig. 1. Neutral point clamped Multilevel Z Source Inverter 

 
 To overcome the drawback of the NPC Multilevel Z-Inverter and to fill the gap of Z-
Multilevel Inverters with expandable levels, the novel stepped DC coupled quasi Z-Multilevel 
Inverter (SDQZMLI) is devised. The SDQZMLI Inverter produces stepped DC voltage at the 
front end that is buck/boosted and inverted by the quasi Z-Inverter. The system uses the same 
control strategy that is used for Z-Source Inverter [10, 11] and could be used for isolated 
energy sources like PV, fuel cells and its applications as its primitive type [12, 14].The in-
verter system is simulated with different DC voltage sources in the MATLAB/Simulink envi-
ronment and the discussion is made on various results obtained. 
 

2. Modeling of the proposed Z-Multilevel Inverter 
2.1. Structure of the proposed inverter 
 The Z-Source Inverter is an emerging area in the field of power electronics. Topological 
modifications are being carried out in this area to improvise its performance and to reduce the 
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losses. The proposed inverter is also another topological exploration of its type which pro-
duces boosted multilevel AC voltage that could be utilized for renewable energy sources. The 
structure of the proposed inverter is shown in Fig. 2.  
 

 
Fig. 2. Structure of proposed stepped DC link Z MLI 

 
 Multilevel DC link voltage can be produced with different circuit arrangements as given in 
[15] and this is one of its kinds. This configuration comprises a simple structure that utilizes 
isolated DC voltage sources connected through switches (S1, S2 and S3) and bypass diodes 
(DS1, DS2 and DS3) with quasi Z-Inverter. The switches of the DC link side are unidirectional 
and of low rating because they are subjected to low input voltage. The switching ON and OFF 
of the switches S1, S2, S3 produces stepped DC link voltage (Vsdc). The number of levels of the 
DC link voltage is decided by the number of DC sources and switches used. This topology 
claims the advantage of using minimum number of switches for higher level in out-put 
voltage. The stepped DC link voltage appearing at the input is buck/boosted and inverted by 
the quasi Z-Inverter. The quasi network is a unique combination of LC elements (L1, L2, C1, 
and C2) and diodes D1 which is a reverse current protection diode and D2 which helps to build 
energy in Z components during shoot through state. The inverter switches has to withstand the 
high voltage stress caused due to the shoot through, hence their rating are comparatively 
higher than DC link switches. This setup aids the buck/boost operation and its advantage 
includes high boost factor and less stress on the components. Both buck and boost operation is 
obtained by controlling the shoot through period of the inverter. The firing pulses for the DC 
circuit is obtained by comparing triangular wave at fundamental frequency and a constant DC 
line at various levels, for the inverter the pulses are generated by maximum constant boost 
control with third harmonic injection scheme which is same as that used for traditional Z-
Source Inverters [10]. This scheme is preferred as it maintains constant shoot through and 
produces high boost factor. It uses two reference signals Va and Vb and two constant lines Vp 
and Vn. The carrier wave is a triangular wave switched at high frequency. Whenever the value 
of the reference signal exceeds the carrier wave and the constant line, firing pulse is generated. 
The high frequency switching of the SDQZMLI does not produce any interference with the 
DC link voltage that acts as input to the circuit. The inductor and capacitor requirements are to 
fulfil the energy storage and filtering action and the requirement is far less than that used in 
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voltage source inverter (capacitor) or current source inverter (inductor). The switching algo-
rithm for firing pulse generation to produce Vsdc is given in the Table 1. 
 

Table 1. Switching algorithm to produce stepped DC link voltage (Vsdc) 

Voltage level Switches to be turned ON Diode in conduction 
0  nil DS1,DS2,DS3 

V1  S3 DS1,DS2 
2V1  S2,S3 DS1 
3 V1  S1,S2,S3 nil 

 
 The operating principle of the proposed stepped DC coupled quasi Z-Multilevel Inverter 
(SDQZMLI) is explained for shoot through and non-shoot through state with the Fig. 3(1) 
and 3(2).  

1) 

  
2) 

 
Fig. 3. Circuit operation of the proposed SDQZMLI inverter  

1) shoot through state, 2) non-shoot through state 
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Fig. 3(1) shows the operation of the proposed SDQZMLI circuit during the shoot through 
state. The voltage 3V1 appears across the quasi Z-network where the legs of the inverter are 
shorted and the energy storage operation takes place in the Z components. During the non-
shoot through state shown in Fig. 3(2), the sum of input voltage and that stored in Z-network 
appears as output. Both the inductance and the capacitance is taken identical in the Z-network 
for easier analysis. The shoot through state arises when switches of the same single leg are or 
of both the legs are shorted and produces a short circuit. During the non-shoot through state, 
the inverter acts as a current source when viewed from DC supply. 
 The same operation is carried out for different levels during shoot through states and non-
shoot through states by following the switching scheme in Table 1. This operation could be 
extended for n levels in output voltage incorporating a simple revision in the proposed setup. 
The circuit arrangement to produce n level of boosted multilevel single phase AC voltage is 
shown in Fig. 4. It is noted that it requires only (n-1)/2 switches and diodes for stepped DC 
link voltage and 4 switches for inverter to produce n level single phase AC output voltage. 
Moving towards higher levels reduces the switch count drastically and the total harmonic 
distortion is considerably reduced in the waveform. 
 

 
Fig. 4. Structure of proposed SDQZMLI for n level output 

 
2.2. Modeling and circuit analysis 
 The system is modelled and the circuit analysis is carried out similar to as that of quasi  
Z-Inverter [2] and is extended for various levels. The following parameters are designated for 
the analysis; let the inductor voltage be VL1 and VL2 and capacitor voltage is VC1 and VC2. The 
input DC voltage obtained from the isolated energy system is represented as V1. The stepped 
DC voltage available to the Z-network is Vsdc. The boosted voltage across the Z-network is Vb 
and the inverter voltage of SDQZMLI is Vac. The voltage equations of the inductor and capa-
citor and the AC output voltage available at the output of the inverter is given by the expres-
sions (1) to (13) 
 During the shoot through state of level 1 of Vsdc, the inductor voltages are given as, 

  12211 and CLCL VVVVV =+= . (1) 
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 During the non-shoot through state of level 1 of Vsdc, 

  sdcCLCL VVVVVV −=−= 12211 and , (2) 

  022 =+ CL VV , (3) 

  22 CL VV −= . (4) 

 The average voltage in an inductor is zero. T0 is taken as the time period of shoot through 
state and T1 is the time period of non-shoot through state. The sum of T0 and T1 is the switch-
ing period T. Hence 
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 The expression of Vsdc from Eq. (2) is given as,  

  11
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1 BVV

T
TVVV CCsdc =

−
=+= , (8) 

where B is the value by which the input voltage is boosted. 
 The same analysis is carried for different levels of Vsdc. For step 2. 
 During the shoot through state 

  12211 and2 CLCL VVVVV =+= . (9) 

 During the non-shoot through state 

  sdcVVVVVV CLCL −=−= 12111 and2 , (10) 
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 Similarly for n steps, the stepped DC voltage will be boosted by nBV1. The boosted multi-
level AC voltage available at the inverter is given by (12) 
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 The voltage gain (G) of the system is given as 
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3. Simulation and discussion 
 
 Simulations have been performed in MATLAB/ Simulink environment to demonstrate the 
working of the proposed SDQZMLI Inverter. The system under simulation is aimed to pro-
duce 7 level in the output and it uses 3 DC sources of 50 V each. The configuration shown in 
Fig. 1 is simulated with the following circuit parameters; the front end circuit producing Vsdc 
is switched at fundamental frequency. The inductor and capacitor values of the LC network is 
L1 = L2 = 800 μH and C1 = C2 = 1 μF. The system is designed to produce a multilevel AC 
voltage of 220 V rms at fundamental frequency. The switching frequency of the inverter is 
10 kHz. 
 The waveforms depict the simulation results at various stages of the inverter. Fig. 5 shows 
the stepped DC voltage (Vsdc) obtained from the proposed inverter. The 7 steps of voltage 
levels are obtained by following the switching algorithm in Table 1. 
 

 
Fig. 5. Simulation result of stepped DC voltage (Vsdc) 

 
 This stepped DC voltage appears as DC link voltage to the quasi Z-Inverter. The firing 
pulse for the Z-Inverter is generated by maximum constant boost control with third harmonic 
injection. Simulation of the system is performed for a modulation index of 0.7, the reference 
lines Vp and Vn is taken as 0.62 (both positive and negative values). This difference in value is 
due to third harmonic injected in the reference value. By this high boost value is obtained even 
for high modulation index. The simulated reference waveforms of maximum constant boost 
control with third harmonic injection are shown in Fig. 6. 
 Figs. 7-9 shows the simulated waveforms of inductor current, capacitor voltage and in-
verter output voltage Vac of the inverter. The inductor current peaks to a value of 12 A, Capa-
citor voltage is 300 V peak. This shows that the stress on the device is reduced compared to 
traditional ZSI. The DC link voltage is boosted and flipped by the inverter, the waveform 
reveals that it is boosted to a value of 400 V peak consisting of 7 levels. 
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Fig. 6. Simulated reference waveforms for SDQZMLI 

 

 
Fig. 7. Simulated waveform of Inductor current, modulation index = 0.7 

 

 
Fig. 8. Simulated capacitor voltage, modulation index = 0.7 

 

 
Fig. 9. Simulated multilevel AC voltage for modulation index of 0.7 

 
 Fig. 10 depicts the input current and the load current obtained by simulation for the same 
system. The input current drawn from the supply is 6 A and the load current is 1.85 A for a RL 
load of impedance 100 Ω. 
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Fig. 10. Simulated current waveforms 

 
 To demonstrate the working of the inverter with higher levels in the output voltage, simu-
lations were performed for 11 level of the proposed SDQZMLI Inverter. The simulated wave-
forms of boosted voltage of Z-network (Vb) and inverter voltage (Vac) are shown in the Figure 
11. This is performed for a modulation index of 0.7. The 500 V input is boosted to value of 
1223 V peak. 
 

 
Fig. 11. Simulated waveform of 11 level proposed SDQZMLI Inverter 

 
 The variation of the output voltage of the SDQZMLI Inverter for different shoot through 
periods is given in Table 2. 
 It is seen that the shoot through increases with the decrease in modulation index and both 
buck and boost operation is obtained by varying the shoot through period.  
 A comparative evaluation is performed between SDQZMLI and quasi Z-Source Inverter 
based on the voltage total harmonic distortion and efficiency which is depicted in Fig. 12(1) 
and 12(2).  
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Table 2. Variation of output voltage for different shoot through period and modulation index, 
V1 = 100 V with 3 isolated DC source 

Modulation index Shoot through period Output voltage 
(fundamental) (volts) 

0.7 0.0165 ms 437 V 
0.75 0.0126 ms 380 V 
0.8 0.001 ms 336 V 
0.85 0.00076 ms 292 V 
0.9 0.0005 ms 256 V 
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Fig. 12. Performance comparison. 1) voltage THD, 2) efficiency comparison 

 
 It is seen that the proposed SDQZMLI has comparatively lower voltage harmonic dis-
tortion compared to QZSI. This is due to the stepped nature of the output voltage that reduces 
the harmonic content. The efficiency of the proposed inverter is higher because of the reduced 
stress on the devices that reduces the losses in the energy storage elements. 
 Table 3 depicts a comparative study between the conventional Single phase ZMLI and the 
proposed SDQZMLI Inverter for a 5 level stepped voltage. 
 It is comprehended that the proposed inverter uses simple switching technique compared to 
neutral point clamped ZMLI and further the number of Z-network and switches are reduced in 
the proposed inverter for the same output. The DC link voltage is stepped in the proposed type 
whereas it is constant in its counterpart. On performing a study on the simulation results it is 
found that the third harmonic is found to be dominant in the single phase system. Hence 
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selective harmonic suppression has to be implemented to reduce the effect of third harmonics 
in the output voltage. 
 

Table 3. Comparison of single phase ZMLI and proposed SDQZMLI Inverter for a 5 level system 

Performance feature Neutral point clamped  
Z-source MLI Proposed SDQZMLI inverter 

No of switches 8 6 
No of clamping diodes 6 2(parallel diodes) 

PWM scheme Phase disposition All control schemes applicable 
for traditional Z-Inverter 

DC link voltage Constant Multi-step 
No of Z networks 2 1 

 
 The hardware experimentation was carried for a five level SDQZMLI. The hardware setup 
and the output voltage is given in Fig. 13.  
 

  
Fig. 13. 1-Hardware implementation, 2-5 level output voltage obtained from hardware 

 
 

4. Conclusions 
 
 This paper has presented the theoretical analysis, modeling and simulation of new topo-
logy of Z-Multilevel Inverter which achieves buck/boosted multilevel AC operation through 
two stage conversion process. The analysis confirms that it uses less number of switches and 
single LC combination to produce the same output voltage as its counterpart. Moreover the 
stress on the LC components is much reduced thus lowering the voltage rating of the com-
ponents. This inverter can be extended to n levels by appending circuit components in the 
front end. The harmonics realized in the simulation results can be reduced by introducing har-
monic suppressors. 
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