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Abstract—This paper proposes a new high boost quasi-Z- 

source inverter (qZSI) with combined two quasi-Z-source 

networks, which has a common ground between the input source 

and the inverter bridge. Compared with other non-coupled 

inductor-based (q)ZSIs, by using the same total number of passive 

and active components, the proposed inverter provides higher 

boost capability, requires smaller inductance and capacitance 

values at the impedance network, achieves lower voltage stress 

across the active switching devices, and has higher modulation 

index for the inverter bridge to improve the output waveform 

quality. Although the proposed inverter has the same voltage 

boost factor with the enhanced boost (quasi-)Z-source inverters 

(EB-ZSI and EB-qZSI), the proposed scheme has lower capacitor 

voltage stress than EB-ZSI and has higher efficiency than 

EB-qZSI. The topological configuration, operating principles, 

power loss analysis, and performance comparison with other high 

boost (q)ZSIs are presented. Finally, both simulations and 

experimental results are given to validate the aforementioned 

characteristics of the proposed topology. 

 
Index Terms—DC-AC power conversion, boost factor, 

impedance network, high-gain voltage, quasi-Z-source inverter 

(qZSI).  

 

I. INTRODUCTION 

HE traditional three-phase voltage source inverter (VSI) 

and current source inverter (CSI) are the most commonly 

used two kinds of pulse width modulation (PWM) inverter 

topologies. And, they have been widely used in many industrial 

applications such as uninterruptible power supply, ac motor 

drives, and hybrid electric vehicles [1]-[2]. However, both of 

them still exist some major problems. For the traditional VSI, 

its ac output voltage is always lower than the dc input voltage; 

thus, the VSI only performs a buck converter for the dc-ac 

power conversion. Similarly, the traditional CSI only performs 

a boost converter due to its ac output voltage is always greater 

than the original dc input voltage. For some applications where 

both voltage buck and boost capabilities are needed, an 

additional dc-dc converter will be required in VSI and CSI, 

which induces a two-stage power conversion, to obtain the 
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desired ac output voltage. As a result, the volume and size of 

the whole system will be increased, leading to high weight, 

high cost and low overall efficiency[3]. 

To overcome the aforementioned limitations in traditional 

VSIs, a novel, simple and efficient design of Z-source inverter 

(ZSI) was firstly proposed by Peng in 2003[4], as shown in Fig. 

1(a). By using the Z-source network, which consists of two 

inductors and two capacitors connected in an X-shape, to 

replace the traditional dc link in VSI, the ZSI can achieve both 

voltage buck and boost operating capabilities with a 

single-stage power conversion. In addition, both the 

semiconductor switches of each phase leg can be turned on 

simultaneously, which implies that the anti-interference ability 

of the inverter can be further improved, especially for the 

switches misgating-on caused by the electromagnetic 

interference noise. And no dead time is needed, so the output 

waveform distortion can be greatly reduced. Due to these 

distinct advantages, the study of Z-source converter has 

become a hot topic, and the researches mainly focus on the 

modelling and control [5]-[7], the modulation strategies 

[8]-[10], and new Z-source converter topologies [11]-[33]. 

  
                     (a)                                                    (b) 
Fig. 1 Classical (quasi-)Z-source inverters: (a) Original ZSI [4], (b) 
quasi-ZSI [13]. 

Despite the aforementioned advantages, the classical ZSI 

also has some drawbacks, such as huge inrush current at 

start-up, lager voltage stress on capacitors and switches, 

discontinuous input current, and the dc input voltage source has 

no common ground with the inverter bridge [11]-[12]. To 

address these problems, the quasi-Z-source inverter (qZSI) was 

proposed in [13], as shown in Fig. 1(b), which not only retains 

the main characteristics of classical ZSI, but also can provide 

continuous input current, lower capacitor voltage stress, and 

common ground between the dc input source and the inverter 

bridge. However, the boost capability of the qZSI is still not 

high enough for many industrial applications. 

Recently, a number of new Z-source impedance networks 

have been proposed for high boost ZSIs. In order to obtain high 

dc-link voltage with a small shoot-through duty ratio, five 

extended-boost qZSIs have been proposed in [14], which can 

be categorized as the continuous- or discontinuous-current 

diode-/capacitor-assisted qZSIs (DA-qZSI/CA-qZSI), and the 
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hybrid extended-boost qZSIs (HE-qZSI), respectively. In 

addition, by combining the switched-inductor (SL) cell, 

switched-capacitor (SC) cell, and the hybrid SL/SC cells with 

the classical (quasi-) Z-source network, several new (q)ZSIs 

have been proposed in [15]-[18]. In [15], a switched-inductor 

Z-source inverter (SL-ZSI) was proposed by using two SL cells 

to replace the two inductors in the Z-source network, as shown 

in Fig. 2(a). In [16] and [17], by applying one SL cell and two 

SL cells into the qZS network, two kinds of switched-inductor 

quasi-Z-source inverters (SL-qZSI) were presented, 

respectively. In order to produce higher boost factor for the 

classical ZSI, additional SL/SC cells can be cascaded at the 

generalized multicell SL/SC ZSIs, as presented in [18]. By 

combining the active SC/SL cells with the qZS network, an 

extended active switched-capacitor/switched-inductor-qZSI 

(ASC/SL-qZSI) was proposed in [19]. In addition, by using the 

switched Z-impedance network to replace the traditional 

Z-source network, two kinds of enhanced boost-(q)ZSIs were 

proposed in [21] and [22],as shown in Fig. 2(b) and Fig. 2(c), 

respectively. 

 
(a) 

 
(b) 

 
(c) 

Fig. 2 Conventional high boost non-coupled inductor type 
(quasi-)Z-source inverters: (a) SL-ZSI [15], (b) Enhanced boost-ZSI 
(EB-ZSI) [21], (c) Enhanced boost-qZSI (EB-qZSI) [22]. 

For even higher voltage boosting, tapped- or coupled 

-inductors and transformers have been used to replace the 

traditional inductors in Z-source impedance network. Thus, the 

TL-ZSIs in [25], trans-ZSIs in [27], TZ-ZSIs in [28] and the 

other new magnetically coupled ZSIs in [29] have been 

proposed, respectively. However, for those coupled-inductor 

(or transformer) based ZSI topologies, when their winding 

currents are switched under the high dc-link voltage condition, 

the over-voltages may would be caused by their leakage 

inductances, which will shorten the life span of these magnetic 

devices and damage the active power switches. In order to 

reduce the voltage stress on passive/active components, an 

alternate-cascaded technique between impedance networks is 

proposed in [30], and accordingly some new cascaded high 

boost ZSIs have been proposed in [31]-[33]. In [31], cascaded 

multicell trans-ZSIs are presented, in which a single high power 

transformer with large turns ratio is replaced by cascaded 

multiple small transformers, thus, the inverter can achieve 

higher efficiency and lower component stresses. In [32] and 

[33], two kinds of alternate-cascaded high-boost ZSIs have 

been proposed, which combine the switched-inductor with 

tapped-inductor cells and transformer cells, respectively. 

Based on the classical qZSI, this paper proposes a new high 

boost qZSI with combined two qZS networks. Compared to the 

existed non-coupled inductor-based (q)ZSIs, the proposed 

inverter can provide higher boost factor and lower voltage 

stresses across active switching devices with the same 

shoot-through duty ratio. Moreover, for obtaining the same 

buck-boost factor, the proposed topology can use a higher 

modulation index, thus, the output waveform quality can be 

improved with lower total harmonic distortion (THD). 

The remainder of this paper is organized as follows. Section 

II gives a description of the proposed topology. The operating 

principles will be analyzed in Section III. In Section IV, the 

design guidelines of passive and active components are 

discussed. The comprehensive performance comparison with 

other high boost (q)ZSIs is presented in Section V. It is 

followed by the power loss analysis and efficiency comparison 

with other topologies in Section VI. In Section VII, both the 

simulation and the experimental results will be conducted to 

validate the theoretical analysis. Finally, a conclusion is drawn 

in Section VIII. 

II. CONFIGURATION OF THE PROPOSED TOPOLOGY 

The configuration of the proposed inverter is depicted in Fig. 

3. It can be seen from Fig. 3 that the proposed inverter consists 

of four inductors, four capacitors, five diodes and a three-phase 

inverter bridge. Inductors L2, L3, capacitors C2, C3, and diode 

D3 composes the first quasi-Z-source network The second 

quasi-Z-source network consists of inductors L1, L4, capacitors 

C1, C4, and diodes D1, D4. The other two diodes D2 and D5 are 

used to connect these two quasi-Z-source network. Therefore, 

by combining these two qZS network appropriately, the 

proposed inverter would have higher boost capability. 
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Fig. 3 Configuration of the proposed qZSI with combined two 
quasi-Z-source networks. 

III. OPERATING PRINCIPLE OF THE PROPOSED INVERTER 

In this section, the operating principle of the proposed 

inverter would be analyzed in detail. To simplify the analysis, 
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we assume that all the components used in the topology are 

ideal, capacitors, inductors, and resistors are all linear, time 

invariant, and frequency independent. 

A. Steady-state analysis of the proposed qZSI 

The operating principle of the proposed qZSI is similar to the 

classical (q)ZSIs. It has six active states, two zero states and an 

extra shoot-through zero state for the inverter bridge. For 

analysis, it can be simplified into two operating states, 

shoot-through and non-shoot-through states, as shown in Fig. 4. 

The inverter bridge's action can be replaced by a current source 

plus a single active switch [14]. The dc side theoretical 

waveforms of the proposed inverter are shown in Fig. 5. 

 
(a) 

 
(b) 

Fig. 4 Equivalent circuits of the proposed qZSI. (a) Shoot-through state, 
(b) Non-shoot-through state. 

1) Shoot-Through State: The equivalent circuit of the 

proposed qZSI in this state, which is represented by a closed 

switch, is show in Fig. 4(a), and the dc-link side is short 

circuited. During this state, diodes D2 and D5 both are forward 

biased. While, diodes D1, D3 and D4 are all reverse blocking due 

to the reverse parallel connection with capacitors. Assuming 

that T0 is the time interval of this state, and T0=DTs, where D is 

the shoot-through duty ratio of the inverter bridge, Ts is the 

switching period. There are four loops during this state: 1) loop 

1 is composed of Vdc, L1, C1. The input voltage source Vdc is in 

series with capacitor C1 to charge inductor L1; 2) loop 2 is 

consisted of Vdc, D2, L2, C2. Vdc and C2 discharge the energy to 

L2; 3) loop 3 is composed of Vdc, C3, L3, D5. Vdc and C3 charge 

inductor L3 in series; 4) loop 4 is consisted of Vdc, C4, L4. Vdc 

and C4 discharge the energy to L4. Thus, inductors are all 

charged by the dc input voltage source and capacitors in series. 

Assuming that all the capacitor voltages are kept constant 

during this operating state, then the inductor currents increase 

linearly. Therefore, from Fig. 4(a), by applying KVL, the 

following equations can be obtained 

1 21 2   L on dc C L on dc Cu V V u V V
 

                               (1) 

3 43 4
ˆ     0L on dc C L on dc C PNu V V u V V V

 
                (2) 

where uL_on is the corresponding inductor voltage during this 

shoot-through state, and VPN is the dc link voltage across the 

inverter bridge. 
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Fig. 5 The dc side theoretical waveforms of the proposed qZSI. 

2) Non-shoot-through state: The equivalent circuit of this 

operating state, which is represented by an open switch, is 

shown in Fig. 4(b), and the inverter bridge has six active states 

and two zero states. During this state, diodes D1, D3 and D4 will 

turn on, while diodes D2 and D5 are turned off due to the reverse 

voltage of inductors L1 and L4. And there are five loops in this 

operating state: 1) loop 1 is consisted of L1, D1, L2, D3 and C3. 

Inductors L1 and L2 discharge the energy to C3; 2) loop 2 is 

composed of L1, D1, L2, D3, L3, D4 and C4. Inductors L1, L2 and 

L3 discharge the energy to C4; 3) loop 3 is consisted of D3, L3, 

D4, L4 and C2. Inductors L3 and L4 charge capacitor C2 in series; 

4) loop 4 is composed of D1, L2, D3, L3, D4, L4 and C1. Inductors 

L2, L3 and L4 discharge the energy to C1; 5) loop 5 is consisted 

of Vdc, L1, D1, L2, D3, L3, D4, L4 and the inverter bridge. 

Inductors L1, L2, L3, L4 and the dc input voltage source Vdc 

discharge the energy to the main inverter. From Fig. 4(b), by 

applying KVL, we have 

31 2L off L off Cu u V
 

                                                     (3) 

41 2 3L off L off L off Cu u u V
  

                                        (4) 

23 4L off L off Cu u V
 

                                                     (5) 

12 3 4L off L off L off Cu u u V
  

                                        (6) 

1 2 3 4
ˆ
PN dc L off L off L off L offV V u u u u

   
                         (7) 

where uL_off is the corresponding inductor voltage during the 

non-shoot-through state. 

B. Boost factor derivation of the proposed inverter 

In steady state, according to the volt-second balance 

principle of inductor L, the average voltage of the inductor in a 

switching period is zero. Assuming that all the capacitors have 

the same capacitance, i.e., C1=C2=C3=C4, and the capacitor 

voltages can be assumed to be constant due to the large 

capacitance and high switching frequency. Thus, by applying 

the volt-second property of inductor L, from (1)-(2) and (3)-(6), 

the capacitor voltages, VC1, VC2, VC3 and VC4 can be obtained as 

 
1 4 2

3 2

1 4 2
C C dc

D D
V V V

D D


 

 
                                  (8) 
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2 3 2

2

1 4 2
C C dc

D D
V V V

D D


 

 
                                 (9) 

Substituting (8) and (9) into (3)-(6), we have 

 

1 4 2

2 3 2

1 4 2

1

1 4 2

L off L off dc

L off L off dc

D
u u V

D D

D D
u u V

D D

 

 

 
 

  



 

  

                    (10) 

Then, the peak dc-link voltage VPN during the 

non-shoot-through state can be derived as 

2

1ˆ

1 4 2
PN dcV V

D D


 
                                        (11) 

Therefore, the boost factor B of the proposed inverter is 

2

ˆ 1

1 4 2

PN

dc

V
B

V D D
 

 
                                       (12) 

And the peak ac output phase voltage Vac from the inverter 

can be derived as 

ˆ
ˆ = =

2 2 2

PN dc dc
ac

V V V
V M M B G                             (13) 

where M is the modulation index. The buck-boost factor 

G=M·B, is the ac output voltage gain. From (13), it can be seen 

that the ac output voltage gain can be controlled by changing 

the shoot-through duty ratio D and the modulation index M. 

Fig. 6 shows a plot of the boost factor B versus the 

shoot-through duty ratio D for the classical qZSI [13], hybrid 

extended-qZSI [14], SL-ZSI [15], DA-qZSI [14], 

rSL-qZSI/cSL-qZSI [17], EB-ZSI [21], EB-qZSI [22] and the 

proposed scheme. As can be seen from Fig. 6, the proposed 

inverter produce the same boost factor with EB-ZSI and 

EB-qZSI, but higher than those of the other six non-coupled 

inductor-based (q)ZSIs with the same shoot-through duty ratio. 

 
Fig. 6 Comparison of the boost factor B for these high boost (q)ZSIs. 

IV. PARAMETER DESIGN OF PASSIVE AND ACTIVE 

COMPONENTS 

Normally, the parameters design of the passive/active 

components in a converter mainly depends on their rated 

voltages and rated currents. Hence, the voltage and current 

stresses of each component will be deduced at first. 

A. Voltage Stress of Each Component 

According to the operating principle analysis in Section III. 

During the shoot-through state, diodes D1, D3 and D4 are turned 

off. From Fig. 4(a), the voltage stress of D1 , D3 and D4 can be 

obtained as 

1 4 32 2

1 1
    

1 4 2 1 4 2
D D dc D dc

D
V V V V V

D D D D


  

   
    (14) 

During the non-shoot-through state, diodes D1, D3 and D4 are 

on, while diodes D2 and D5 are off, from Fig. 4(b), the voltage 

stress of diodes D2 and D5 are 

2 5 21 4 2
D D dc

D
V V V

D D
 

 
                      (15) 

While, the corresponding capacitor voltage stresses have 

derived in Section III. 

B. Current Stress of Each Component 

Based on the ampere-second balance property of the 

capacitor C, the average current through the capacitor in a 

switch period is zero. Applying KCL to capacitors C1, C2, C3 

and C4 in Fig. 4(a) and 4(b), respectively. Thus, we have 
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    (16) 

where iL_on, iL_off are the inductor currents during shoot-through 

state and non-shoot-through state, respectively. Assuming that 

the inductors are large enough, and the inductor currents in each 

operating state changed linearly. Therefore, the average 

inductor current can be expressed as 

 0

1 1

1
s s

s

DT T
L L on L offDT

s s

I i dt i dt
DT D T 

  


                (17) 

Combining (17) with (16) and solving (16),we have  

 
1 4 2 3

2

2 2

1 1
     

1 4 2 1 4 2
L L PN L L PN

D D
I I I I I I

D D D D

 
   

   
 (18) 

Then, from Fig. 4(a), the current flow through diodes D2 and 

D5 are  

2 5 3 2

1

1 4 2
D D L PN

D
I I I I

D D


  

 
                   (19) 

From Fig. 4(b), the current flow through diodes D1, D3 and 

D4 are 

1 4 32 2

1 1
     

1 4 2 1 4 2
D D PN D PN

D
I I I I I

D D D D


  

   
   (20) 

C. Parameter Design of Inductors 

By neglecting the power losses of active/passive components 

and the effects of ac side harmonics, the average power 

transferred from the dc link will be equal to the power delivered 

to the three phase ac load over one ac cycle, that is 

 
3ˆ ˆ ˆ1 cos
2

PN PN ac acV D I V I                           (21) 

where Ȋac is the peak phase current of ac side, cosϕ is the power 

factor on the ac side of the inverter. Based on the constant boost 

control method in [8], M=2(1-D)/ 3. Substituting M into (21), 

one can obtain IPN and the required shoot-through duty ratio D, 

2 2ˆ ˆ4 3 243 ˆ cos       
ˆ2 4 3

ac dc dc ac
PN ac

ac

V V V V
I I D

V


  
     (22) 

During the shoot-through state, the capacitors and dc input 

voltage source discharge the energy to inductors. From (1)-(2), 
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we have  

 1

11 4 1

L

L on L on dc C

di
u u L V V

dt 
                                   (23) 

2

22 3 2

L

L on L on dc C

di
u u L V V

dt 
                                  (24) 

where dt=DTs/Ksh, and Ksh is the number of the shoot-through 

states in a switching period. diL=xL%IL, and xL% is the given 

permitted fluctuation range of the inductor current. Substituting 

(8), (9) into (23) and (24),respectively. Then, the inductors can 

be designed by 

 

1

1 4 2

1

% 1 4 2

dc s

L L sh

D DV T
L L

x I K D D


 

 
                          (25) 

 

1

1 4 2

1

% 1 4 2

dc s

L L sh

D DV T
L L

x I K D D


 

 
                           (26) 

For a practical three phase inverter application system, ˆ
acV , 

Ȋac, cosϕ and Vdc are usually fixed. Therefore, substituting (22) 

into (25) and (26), the inductances of L1, L2, L3 and L4 can be 

designed by 

 
 

2 2

1 4
2 2

ˆ ˆ2 4 3 24

ˆ ˆ3 % cos 24

dc s ac dc dc ac

L sh ac dc dc ac

V T V V V V
L L

x K I V V V

  
 

 
            (27) 

  2 2 2 2

2,3 2

ˆ ˆ ˆ4 3 24 24

ˆ ˆ24 3 % cos

dc s ac dc dc ac dc dc ac

L sh ac ac

V T V V V V V V V

L
x K I V

    

 (28) 

Table I 

Voltage and current stresses of the proposed inverter 

Proposed qZSI 

Parameter Voltage Stress Parameter Current Stress
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D. Parameter Design of Capacitors 

Similarly, during the shoot-through state, the capacitors are 

connected with the inductors in series. From Fig. 4(a), the 

capacitor currents are equal to the inductor currents. Hence, 

 
2

1 4 2
1

1

% 1 4 2

s
PN

C C sh

DDT
C C I

x V K D D


 

 
                      (29) 

 2 3 2
2

1

% 1 4 2

s
PN

C C sh

DT D
C C I

x V K D D


 

 
                      (30) 

where xC% is the given permitted fluctuation range of the 

capacitor voltage. Substituting (22) into (29) and (30), the 

capacitances of C1, C2, C3 and C4 can be designed by  

 
 

2
2 2

1 4
2 2

ˆ ˆcos 24

ˆ ˆ ˆ16 % 2 3 24

s ac dc dc ac

C sh dc ac ac dc dc ac

T I V V V
C C

x K V V V V V V

  
 

  
    (31) 

 
 

2 2

2 3
2 2

ˆ ˆ3 cos 24

ˆ ˆ2 % 4 3 24

s ac dc dc ac

C sh dc ac dc dc ac

T I V V V
C C

x K V V V V V

  
 

  
     (32) 

Therefore, for a given particular three-phase inverter 

application system, based on (27), (28), (31) and (32), the 

inductors and capacitors can be determined directly.  

E. Parameter Design of Diodes 

Generally, the parameter of diodes can be selected according 

to their voltage and current stresses, as summarized in Table I, 

to keep them operating in their safe operating area. 

V. PERFORMANCE COMPARISON WITH OTHER HIGH BOOST 

ZSI TOPOLOGIES 

The performance of the proposed inverter is compared with 

those of the conventional non-isolated high boost (q)ZSIs. The 

comparison analysis of the boost abilities, the number of the 

components used at the impedance network, the voltage and 

current stresses will be presented in a detailed way. 

A. Comparison of the Boost Abilities 

The relationship between the boost factor B and the 

shoot-through duty ratio D for these eight (q)ZSIs has been 

plotted and compared in Fig. 6. When the constant boost 

control method in [8] is applied to the proposed topology, the 

shoot-through duty ratio D will be limited by the modulation 

index M, that is, D=1-  3𝑀/2 . Thus, the corresponding 

buck-boost factor G can be expressed as 

2

2

3 2

M
G MB

M
 


                               (33) 

Fig. 7 shows a plot of the buck-boost factor G versus the 

modulation index M for these nine topologies. As shown in Fig. 

7, for obtaining the same buck-boost factor, the proposed qZSI 

can use higher modulation index for the inverter bridge. 

Therefore, this inverter can output higher quality voltage 

waveforms with lower total harmonic distortion (THD). 

 
Fig. 7 Buck-boost factor G versus the modulation index M. 

B. Comparison of the Number of Components 

Table II shows the comparison of the number of components 

used at the impedance network for these high boost (q)ZSIs. 

From this table, it can be seen that the proposed topology has 

the same number of passive and active components with 

DA-qZSI, EB-ZSI and the EB-qZSI, and has the similar 

number of passive/active components with the other four 

topologies. In addition, for these eight high boost (q)ZSIs, the 

total number of the components used at the impedance network 

is same, which is 13. Therefore, the number of the components 
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used at the proposed topology is no more than the other high boost (q)ZSIs. 

Table II 

Comparison of the number of components used at the impedance network 

SL-ZSI[15]DA-qZSI [14]
Hybrid [14]

Extended-qZSI

Inductors

Proposed

qZSI

Capacitors

Enhanced

Boost ZSI[21]

Diodes

4

2

7

4

4

5

4

5

4

4

4

5

4

4

5

rSL-qZSI

/cSL-qZSI[17]

4

2

7

Enhanced

Boost-qZSI[22]

4

4

5

C. Comparison of Inductance and Capacitance Values 

In order to make the comparison more clearly, Table III and 

Table IV shows the detailed comparison of inductance values 

and capacitance values, respectively, for these eight topologies 

to achieve the same inductor current ripple and capacitor 

voltage ripple under the same boost factor. As shown in Table 

III, two parameters i dc L in oK V k i f and v in V dc oK i k V f are defined 

to simplify the expressions of inductances and capacitances. In 

this two parameters Ki and Kv, the factor kL is defined as the 

ratio of the peak-to-peak inductor current ripple to the average 

inductor current, and kV is defined as the ratio of the 

peak-to-peak capacitor voltage ripple to the average capacitor 

voltage,
in
i  is the average value of the dc input current, and fo is 

the operating frequency of the proposed inverter, which is twice 

the switching frequency fs=10kHz. 

Table III 

Comparison of inductance and capacitance for these high boost (q)ZSIs 

SL-ZSI [15]/ DA-qZSI [14]

(second extension)

Hybrid[14]

Extended-qZSI

Enhanced Boost 

ZSI [21]

Capacitances

Inductances

   1 1

1 3
i

D D D
L K

D

 




  
1,2 3

1 2 1
i

D
L K

D D


 

 
3 2

1
i

D
L K

D




4 iL DK

 

  
1

2 1 3

1 1
v

D D
C K

D D


 

    
4

1,2 1 2 1 vC D D K  

 
4

3 2 1 vC D D K 

 
2

4 1 vC D D K 

   
1,2,3

1 1 3
i

D
L K

D D


 

4 iL DK

  
2

1,3 2 1 3 1 vC D D K  

  
2

2 1 3 1 vC D D K  

 
2

4 3 1 vC D D K 

 
2

1,2 2

1

1 4 2
i

D D
L K

D D




 

3,4 21 4 2
i

D
L K

D D


 

 
 

2

1,2 2

1 4 2

1
v

D D D
C K

D

 




 2
3,4 1 4 2 vC D D D K  

L1=L2=L3=L4=L

rSL-qZSI[17]

2

1 3

1
v

D
C K

D


 



cSL-qZSI[17]

 
  

2

1

1 3

1 1 3
i

D D
L K

D D




 

 

  
2,4

1

1 1 3
i

D D
L K

D D




 

  

2

3

2

1 1 3
i

D
L K

D D


 

   

 
1

2 1 1 3

1
v

D D D
C K

D

 




  2 1 1 3 vC D D K  

1 2 1C C C  

(for SL-ZSI)

1 1 2 2  C C C C  

(for rSL-ZSI)

 2
2,4 1 4 2 vC D D K  

  
 

2

3 2

1 1 4 2

1 3
v

D D D D
C K

D D

  


 

  
 

2

1 2

2 1 4 2

1 2
v

D D D D
C K

D D

  


 

Enhanced Boost 

-qZSI [22]

 
2

1,2 2

1

1 4 2
i

D D
L K

D D




 

3,4 21 4 2
i

D
L K

D D


 

Proposed qZSI

1,4 21 4 2
i

D
L K

D D


 

 
2

2,3 2

1

1 4 2
i

D D
L K

D D




 

  2

1,4

1 1 4 2

3 2
v

D D D
C K

D

  




 2

2,3

1 4 2

2
v

D D
C K

D

 




 
Table IV 

Comparison of the inductance and capacitance values for producing the same boost factor B=5.86 

SL-ZSI [15] DA-qZSI [14]
Hybrid[14]

Extended-qZSI

Enhanced 

Boost ZSI[21]
rSL-qZSI[17] cSL-qZSI[17]

Dsh 0.2616 0.3171 0.2568

B 5.86

G=MB

5.86 5.86

5 4.62 5.03

Inductance

Values

Capacitance

Values

L1,2,3,4=0.575mH

L1,2=1.3776mH

L3=0.345mH

L4=0.161mH

L1,2,3=0.762mH

L4=0.131mH

C1=C2=150uF

C1=C2=100uF

C3=170uF

C4=185uF

C1=C3=315uF

C2=157uF

C4=526uF

0.2616

5.86

5

L1,2,3,4=0.575mH

C1=150uF

C2=211uF

0.2765

5.86

4.895

L1=0.495mH

L3=0.356mH

L2,4=0.465mH

C1=205uF

C2=270uF

0.235

5.86

5.18

L1,2=0.695mH

L3,4=0.407mH

C1,2=85uF

C3,4=50uF

Proposed 

qZSI

0.235

5.86

5.18

L1,4=0.695mH

L2,3=0.407mH

C1,4=63uF

C2,3=119uF

Enhanced 

Boost-qZSI[22]

0.235

5.86

5.18

L1,2=0.695mH

L3,4=0.407mH

C1=150uF

C2,4=222uF

C3=110uF

 
For the dc input voltage of 60V, fo=20kHz, 14.82

in
i  A, the 

factors kL=40% and kV=1%, the required shoot-through duty 

ratio D to achieve B=5.86, and the corresponding inductance 

and capacitance values for these eight topologies are tabulated 

in Table IV. From this table, it can be seen that the summarized 

value of inductances (L1, L2, L3, L4) required at the proposed 

topology is slightly higher than the cSL-qZSI, same as the 

EB-ZSI [21] and EB-qZSI [22], but lower than the other four 

high boost (q)ZSIs. Additionally, the summarized capacitance 

values of the proposed topology is a little higher than the 

SL-ZSI and the EB-ZSI, but much lower than that of the other 

four topologies. 

D. Comparison of the Voltage and Current Stresses 

For the impedance network-type power inverters, different 

control method, dc input voltage, and the load conditions would 

provide varied current and voltage stresses. For exact 

comparison, the ac side circuit of these seven (q)ZSI topologies 

is simplified as an equivalent dc load , which is represented by 

an inductive load impedance (Zl=Rl+sLl) plus a single active 

switch [6]. 
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Table V 
Comparison of voltage and current stresses for these high boost (q)ZSIs 

DA-qZSI [14]
Hybrid [14]

Extended-qZSI

Boost Factor
  

2

1

1 2 1D D  2

1

1 4 3D D 
2

1

1 4 2D D 

Proposed qZSI

Capacitor 

Voltage 

Stresses

(VC/Vdc)

Inductor 

Current 

Stresses 

(IL/IPN)

Shoot-through 

Current 

Stresses 

(Ish/IPN)

Average 

DC-link 

Current (IPN)

Diode 

Voltage 

Stresses

(VD/Vdc)

Enhanced

Boost ZSI [21]

2

1

1 4 2D D 

SL-ZSI[15]/

rSL-qZSI[17]

1

1 3

D

D





cSL-qZSI [17]

1

1 3D

Enhanced

Boost-qZSI [22]

2

1

1 4 2D D 

DB

(1-2D)B

(1-D)(1-2D)B

(1–D)2B

(1–D)B

(1–D)2B

D(1–D)B

(1–3D+D2)B

D(2–D)B

(1–D)B/(1+D)

2DB/(1+D)

(1–D)B/(1+D)

2DB/(1+D)

DB

(1-3D)B

D(2–D)B

D(3–2D)B

B

(1-2D)B

2DB

(1-D)(1-2D)B

D(3–2D)B

(1–D)B/(1+D)

DB/(1+D)

B 2D2B/(1-D2)

DB/(1+D)

(1-2D-D2)B/(1-D2)

2DB/(1+D)

(1–D)B/(1+D)

B

B

(1-3D)B

3DB

DB

(1–D)B

B

Buck-Boost

Factor

(G=MB)
2

4

3 3 3M M
2

2

3 2

M

M 

(1–D)B

(1–D)2B

(1–D)3B

(1–D)B/(1+D) (1–D)B
(1–D)B

(1–D)2B

(1–D)B

(1–D)2B (1–D)2B

(1–D)B (1–D)B

(1–D)2B

24 3

3 3 4

M M

M





2

3 3 4

M

M 

4

9 4 3M 
2

2

3 2

M

M  2

2

3 2

M

M 

(1–D)B

DB

B

(1–D)B

DB

B

[2-D+2(1-D)
2
](1–D)B 4(1–D)B/(1+D) 4(1–D)B [1–D+3(1–D)2]B 2[1–D+(1–D)2]B2[1–D+(1–D)2]B2[1–D+(1–D)2]B

  ˆ1 PN

l

D V

R

   ˆ1 PN

l

D V

R

   ˆ1 PN

l

D V

R

   ˆ1 PN

l

D V

R

   ˆ1 PN

l

D V

R

   ˆ1 PN

l

D V

R

   ˆ1 PN

l

D V

R



 
Assuming that these eight topologies operate under the same 

modulation index, dc input voltage, and output power. Then, 

the corresponding current and voltage stresses on the passive 

components and switching devices are summarized in Table V. 

Where IL is the average inductor current, Il is the average load 

current during a switching period, and Ish is the shoot-through 

current flow through the inverter bridge during the 

shoot-through state. Due to the shoot-through current Ish is 

higher than the average load current Il, thus, Ish is defined as the 

current stress across the switching devices in the inverter 

bridge. 

The voltage stress across the active switching devices can be 

defined as the ratio of the peak dc-link voltage VPN to an 

equivalent dc voltage GVdc, as illustrated in [8], the voltage 

ratio represents the cost to achieve the desired voltage boost 

under the same dc input voltage condition. The corresponding 

voltage stress ratio of the proposed inverter can be derived as 

2

ˆ 3

1 1 6

PN dc

dc dc

V BV G

GV GV G
 

 
                            (34) 

Fig. 8 shows the active switching voltage stress comparison 

for these nine topologies. It can be seen from this figure, the 

proposed inverter has the same switching voltage stress with 

EB-ZSI and EB-qZSI, but much lower than those of the other 

six (q)ZSIs for the same buck-boost factor G. 

The capacitor voltage stress comparison and the inductor 

current stress comparison are presented in Fig. 9. Here, the 

capacitor voltage stress is defined as the ratio of the capacitor  

 
Fig. 8  Active switching voltage stress comparison. 

voltage to an equivalent dc voltage GVdc [21]. It can be seen 

from Fig. 9(a) that the proposed inverter has lower capacitor 

voltage stress than classical-qZSI and the EB-ZSI [21]. 

Although the capacitor voltage stress of VC1 and VC4 are higher 

than the same value of in DA-qZSI and hybrid extended-qZSI. 

But the capacitor voltage stress of VC2(=VC3) is much lower than 

the same value in SL-ZSI and the rSL-qZSI/cSL-qZSI. From 

Fig. 9(b), it can be observed that for obtaining the same 

buck-boost factor G, the inductor current stress of IL2(=IL3) of 

the proposed method is the same as the cSL-qZSI, DA-qZSI 

(IL4), EB-ZSI (IL1,IL2) and the hybrid extended-qZSI (IL4). The 

inductor current stress of IL1(=IL4) of the proposed inverter is 

same as the EB-ZSI (IL3,IL4), but lower than the classical-qZSI, 

the SL-ZSI and the rSL-qZSI. This is because the proposed 

topology can produce higher buck-boost factor G by using a 

small shoot-through duty ratio. 
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(a) 

 
(b) 

Fig. 9 Voltage and current stress comparison of passive elements. (a) 
Capacitor voltage stress comparison, (b) Inductor current stress 
comparison. 

The total capacitor voltage stress and the total inductor 

current stress have been compared in Fig. 10. From Fig. 10(a), 

the total capacitor voltage stress of the proposed inverter is 

lower than that of the EB-ZSI, but higher than those of the other 

six topologies when the buck-boost factor G is larger than 3. 

From Fig. 10(b), it can be seen that the total inductor current 

stress of the proposed method is lower than the cSL-qZSI, same 

as the EB-ZSI and EB-qZSI, but a little higher than the 

DA-qZSI, rSL-qZSI and the SL-ZSI. 

  
                            (a)                                                    (b) 
Fig. 10 (a) Total capacitor voltage stress comparison, (b) Total inductor 
current stress comparison. 

In order to better quantify the current and voltage stresses of 

diodes and MOSFEs in the proposed topology, total switching 

device power (SDP) is calculated. The SDP of a switching 

device is defined as the product of its current stress and voltage 

stress. The total SDP of an inverter system is expressed as the 

summation of SDP of all the switching components used in the 

circuit, which is a good measure for the total semiconductor 

device requirement, thus an important cost indicator of an 

inverter system [3]. Based on the definition of the total peak 

and average SDP in [3]. The average SDP and peak SDP (for 

MOSFETs) of the proposed inverter are derived as 

 

 

 

 

2

2

2

2 4 3 4 3

cos3 2

4 2 34 8
max ,  

cos cos3 2

out out
av MOSFETs

outout out
pk MOSFETs

P M P
SDP

M

P MP P
SDP

M MM



 





 
  
 



  
   
 
 

   (35) 

where Pout is the inverter's output power, cosϕ is the load power 

factor of ac side. 

Based on (35), the comparison of SDP(av-MOSFETs) and 

SDP(pk-MOSFETs) factors for these eight topologies have been 

plotted in Fig. 11. From Fig. 11(a), it can be seen that the peak 

SDP of the proposed method is lower than the cSL-qZSI, same 

as the EB-ZSI and EB-qZSI, but slightly higher than the other 

four topologies. From Fig. 11(b), it is clear that the proposed 

inverter has the lowest average SDP for MOSFETs than those 

of the other qZSIs. 

 
                                                         (a) 

 
                                                          (b) 
Fig. 11 SDP comparison for active MOSFETs. (a) SDP(peak) 
comparison, (b) SDP(average) comparison. 

Similarly, the total average SDP and peak SDP for diodes are 

calculated as follows: 

 

 
  

2

2

2

3 4 4

1 4 2

3 2

1 1 4 2

outav diodes

outpk diodes

D D
SDP P

D D

D
SDP P

D D D





  


 





  

                          (36) 

 
(a) 

 
(b) 

Fig. 12 SDP comparison for diodes. (a) SDP(peak) comparison, (b) 
SDP(average) comparison. 
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Fig. 12 shows the comparison of the average SDP and peak 

SDP of diodes for these high boost qZSIs. From this figure, it 

can be seen that for the same buck-boost factor, the SDP(av_diodes) 

and SDP(pk_diodes) of the proposed method are slightly higher 

than the DA-qZSI,  HB-qZSI and the SL-ZSI/rSL-qZSI, lower 

than that of the cSL-qZSI, but same as the EB-ZSI and 

EB-qZSI. 

E. Component Stress Factor (CSF) Comparison 

The component stress factor (CSF) in each component of 

each converter have been calculated and compared in this 

section. The definition and calculation process of the 

component stress factor (CSF) have been described in [34]. 

Based on the definition in [34], the CSF is calculated with the 

same component weight for all the components inside each of 

the topologies. The resources to be assigned are selected as one 

unit (  Wj = 1j ) and distributed equally between the 

components of the same type. Then, the total inductors' 

winding component stress factor (WCSF), capacitors' 

component stress factor (CCSF), diodes' component stress 

factor (DCSF) and the total active semiconductors'  component 

stress factor (SCSF) of the proposed inverter can be calculated 

and derived in the following: 
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     (37) 

Based on (37), the CSF comparison between the proposed 

inverter and the other seven high boost qZSIs have been plotted 

and shown in Fig. 13. From Fig.13(a), it can be seen that the 

total inductors' winding component stress factor (WCSF) of the 

proposed inverter is lower than the cSL-qZSI [17], same as the 

EB-ZSI [21] and the EB-qZSI [22], but a little higher than the 

other four inverter topologies. The total capacitors' component 

stress factor (CCSF) comparison is shown in Fig. 13(b). It can 

be observed that the proposed qZSI only has a little higher 

CCSF than the DA-qZSI [14], same as the EB-ZSI [21], but 

much lower than those of the other five topologies (SL-ZSI, 

rSL-qZSI, cSL-qZSI, HB-qZSI and the EB-qZSI). Fig. 13(c) 

shows the total diodes' component stress factor (DCSF) 

comparison. From this figure, one can find that the proposed 

inverter has the same DCSF as the EB-ZSI/EB-qZSI, but much 

lower than those of the other  five topologies. The total active 

MOSFETs' component stress factor (SCSF) comparison is 

shown in Fig. 13(d), it can be found that the SCSF of the 

proposed method is much lower than the cSL-qZSI, almost 

same as the other six topologies. 

In addition, the specific CSF values of different components 

for these eight high boost qZSIs have been calculated and 

shown in Table VI when they produce the same buck-boost 

factor G=5.18. From this table, one can get the same conclusion 

as it is derived from Fig. 13. 

  
                             (a)                                                     (b) 

  
                             (c)                                                    (d) 
Fig. 13 Component stress factor (CSF) comparison between the 
proposed qZSI and the other high boost inverters. (a) Inductors' CSF 
comparison, (b) Capacitors' CSF comparison, (c) Diodes' CSF 
comparison, (d) MOSFETs' CSF comparison. 

Table VI 

Comparison of the CSF values for these high boost qZSIs under the same buck-boost factor G=5.18 

SL-ZSI[15]DA-qZSI [14]
Hybrid [14]

Extended-qZSI

WCSF

Proposed qZSI

CCSF

Enhanced

Boost ZSI[21]

DCSF

48.85

61.51

605

22.72

16.87

198.7

50.98

52.3

334.5

58.14

25.69

75.88

58.14

25.69

75.88

cSL-qZSI[17]

80.65

86.34

1021

Enhanced

Boost-qZSI[22]

58.14

99.76

75.88

Dsh

Boost 

Factor B

Buck-boost 

Factor G=MB

SCSF

5.18 5.18 5.18 5.18 5.18 5.18 5.18

rSL-qZSI[17]

48.85

5.18

48.31

605

558.3565.9 560 570.9 570.9981 570.9558.3

5.86 5.86 5.86

0.235 0.235 0.2350.259

6.05

0.2642

6.095

0.2642

6.095

0.2798

6.229

0.3329

6.724
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VI. POWER LOSS ANALYSIS AND EFFICIENCY COMPARISON 

In order to analyze the power losses of these impedance 

network-based inverter topologies. The diodes are represented 

by the ideal diodes in series with their forward voltage drop VF 

and their parasitic resistances rD. The MOSFETs are 

represented by the ideal lossless semiconductor switches in 

series with the equivalent drain-to-source resistance rDS. 

Inductors and capacitors are represented by ideal passive 

components with their equivalent series resistances rL and rC, 

respectively.  

To simplify the power losses calculation of the proposed 

inverter, some conditions are assumed as follows: 1) Capacitor 

voltage ripples and inductor current ripples are neglected; 2) 

Off-state blocking losses of diodes and MOSFETs are 

ignorable; 3) The ripple losses of capacitors are small enough to 

be negligible. 

A. MOSFETs' Loss Calculation 

Generally, the power losses of active semiconductor 

switches can be classified into switching power losses during 

the ON and OFF switching states, and the ohmic conduction 

power losses, respectively. Therefore, the total switching losses 

of MOSFETs in the proposed topology is calculated as 

 
 

2

2 2

1 4 2
sw on off sw out

D
P t t f P

D D


 

 
                          (38) 

where ton is the turn-on delay time, toff is the turn-off delay time, 

fsw is the switching frequency. 

The total conduction power losses of switches can be 

calculated by 
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          (39) 

where iin is the average input current of the dc power supply, 

cosϕ is the load power factor of ac side, rDS is on-resistance of 

MOSFETs. 

B. Diodes' Loss Calculation 

Power loss on diode is composed of the conduction loss in 

forward voltage drop VF and the loss associated with the 

forward resistance rF. By assuming that the ripples of the 

inductor currents are free, then the overall conduction power 

losses of diodes can be derived as 

23 2
3

1
Dloss F in F in

D
P V i r i

D


 


                                  (40) 

C. Inductors' Loss Calculation 

The power losses in inductors can be segregated into core 

loss and winding conduction loss. Typically, due to the small 

ripples of inductor currents, the core loss is negligible when 

compared with the total power losses of inductors. The winding 

loss is determined by the winding resistance and the rms value 

of the current flow through it. Thus, the total conduction power 

losses in inductors can be calculated as 

 
22 22 2 1rLloss L in L inP r i D r i                                  (41) 

D. Capacitors' Loss Calculation 

By taking the ESR of capacitors into consideration, the total 

conduction power losses in capacitors is 

 2

2
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D D D
P r i

D

 



                           (42) 

Table VII 
Parameters used for power loss calculation and efficiency 

comparison 

 
Based on the loss-related parameters that are summarized in 

Table VII. The comparison of power losses of each component 

among these eight high boost (q)ZSI topologies are shown in 

Fig. 14. From Fig. 14(a), it can be seen that the MOSFETs 

power losses of the proposed topology is same as the EB-ZSI 

and EB-qZSI, lower than the cSL-qZSI, but slightly higher than 

the other four topologies. The diode power losses comparison is 

shown in Fig. 14(b), although the proposed method has a little 

higher diode loss than the SL-ZSI/rSL-qZSI, DA-qZSI and 

hybrid extended-qZSI, it would be much lower than the 

cSL-qZSI. From Fig. 14(c), it can be observed that, for the same 

buck-boost factor G, the inductor loss of the proposed topology 

is slightly higher than those of the SL-ZSI/rSL-qZSI, DA-qZSI 

and the HE-qZSI, lower than the cSL-qZSI, but same as the 

EB-ZSI and EB-qZSI. The capacitor power losses for the 

proposed inverter, which is shown in Fig. 14(d), is only a little 

higher than the DA-qZSI, and same as the EB-ZSI, but much 

lower than those of the other five inverters (EB-qZSI, SL-ZSI, 

rSL-qZSI/cSL-qZSI, HE-qZSI). 

In addition, the power loss distribution percentage of each 

component in the proposed topology is summarized in Fig. 

14(e). It can be concluded that for higher values of the 

buck-boost factor G, the major power losses come from 

inductors, MOSFETs and capacitors. Among them, the 

conduction power loss of inductors is obviously the largest. 

Hence, the higher parasitic resistances of inductors in the power 

loop will result in higher power losses of the inverter, and 

finally, leading to lower efficiency. 

E. Efficiency Comparison 

Based on the power loss analysis of each component, the 

efficiency expressions of these high boost (q)ZSIs have been 

derived in Table VIII. Using the parasitic parameters in Table 

VII, the calculated efficiencies of the proposed scheme and the 

other high boost inverters versus the buck-boost factor are 

shown in Fig. 14(f). From the efficiency comparison results in 

Fig. 14(f), it can be seen that for the same buck-boost factor, the 

proposed inverter provides higher efficiency than those of the 

SL-ZSI, rSL-qZSI/cSL-qZSI, hybrid extended-qZSI and the 

EB-qZSI, same as the EB-ZSI, but lower than that of the 

DA-qZSI (second extension), this is because it has lower 

passive and active components' losses than the proposed 

scheme. 
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Table VIII
Derivation of the efficiency expressions for these high boost (q)ZSIs
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                                        (a)                                                                          (b)                                                                        (c) 

      
                                        (d)                                                                            (e)                                                                       (f) 
Fig. 14 Power loss analysis and efficiency comparison: (a) MOSFET loss comparison, (b) Diode loss comparison, (c) Inductor loss comparison, (d) 
Capacitor loss comparison, (e) Percentage power loss distribution of the proposed topology, (f) Efficiency comparison for these high boost (q)ZSIs. 

VII. SIMULATION AND EXPERIMENTAL RESULTS 

A. Simulation Results 

To validate the effectiveness of the proposed high boost qZSI, 

the simulations are firstly verified by the Matlab/Simulink® 

software platform. And the simulation parameters are selected 

as:1) DC input voltage Vdc=60V, 2) inductors 

L1=L2=L3=L4=1mH, 3) capacitors C1=C2=C3=C4=470uF, 4) 

fundamental frequency f=50Hz, 5) switching frequency 

fs=10kHz, 6) output filter inductor Lf=2mH, 7) output filter 

capacitor Cf=50uF, 8) three phase inductive load RL=50Ω, 

Ll=5mH. All the components are ideal in the simulation part. 

  
                            (a)                                                    (b) 

 
                                                         (c) 
Fig. 15 Simulation results for the proposed qZSI when D=0.235, 
M=0.8834, G=5.18. 

In order to produce the output phase voltage of 110Vrms 

from the 60V dc input voltage with constant boost control 

method, a shoot-through duty ratio D=0.235 is needed at 

modulation index M=0.8834 for the proposed inverter. Thus, 

from (14)-(15), we obtain the boost factor B=5.86, and the 

buck-boost factor G=MB=5.18. Fig. 15 shows the simulation 

results for the proposed inverter when D=0.235, M=0.8834. 

From Fig. 15(a), it can be observed that the capacitor voltages 

VC1(=VC4) and VC2(=VC3) are boosted to 208V and 145V in the 

steady state, and the peak dc-link voltage VPN is boosted to 

351V. Hence, the boost factor B can be calculated to be 

351/60=5.85. Meanwhile, the peak ac output voltage is boosted 

to 155V, and the corresponding buck-boost factor G can be 

calculated as 155/30=5.17, which are in consistent with the 

calculated values from (13) and (15). Therefore, it can be 

concluded that in steady state, there is a good agreement 

between simulation results and the theoretical analysis. 

The diode (D1/D4, D2/D5, D3) voltage stresses are shown in 

Fig. 15(b). From this figure, it can be observed that the diode 

voltages VD1(=VD4), VD2(=VD5) and VD3 are 268.5V, 82.6V and 

351V respectively in steady state condition, which are 

matching well with the values obtained in theoretical analysis. 

Besides, the simulation waveforms of phase voltage (Vphase), 

line voltage (Vline), and phase current (iphase) are shown in Fig. 

15(c). Therefore, these results clearly verify the high boosting 

capability of the proposed topology. 

B. Experimental Results 

In this section, the experimental prototype of the proposed 

inverter in Fig. 16 was built in laboratory to verify the operating 

principle. Table IX lists the parameters used for the 

experiments, which are the same as the simulation parameters. 

And three inductive loads (RL=50Ω, Ll=5mH) are connected to 

the three-phase ac outputs in a Y-connection. Based on the 

constant boost control method in [8], the gating signals of the 

three-phase inverter bridge are generated by a 32 bit 

TMS320F28335 DSP operating with a clock frequency of 

150MHz. All the power switches are driven by the 2BB0108T 

basic board with driver 2SC0108T, and all the diodes are 
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selected the RURG3060CC(600V, 30A). In addition, the 

control block diagram and the switching logic for control signal 

generation of the proposed inverter are shown in Fig. 17. 

 
Fig. 16 Photograph of experimental set-up. 

 
Fig. 18 shows the experimental results for the proposed 

inverter when Vdc=60V, shoot-through duty ratio D=0.235, and 

modulation index M=0.8834. As shown in Fig. 18(a) and (c), 

the peak dc-link voltage VPN is boosted from 60V to 329V, 

which is slightly less than the theoretical value 

(60*5.86=351.6V) calculated from (12) due to the voltage 

reduction on inductors, capacitors and diodes. The capacitor 

voltage VC1(=VC4), VC2(=VC3) are boosted to 200V and 138V, 

respectively. While the calculated values from (9) and (10) are 

208V and 145.8V, which are a little higher than the 

experimental values. The inductor currents iL1(=iL4) and iL2(=iL3) 

are measured and presented in Fig. 18(b). From this figure, it 

can be seen that the inductors are charged in the shoot-through 
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Fig. 17 (a) Block diagram of the Experimental system, (b) Switching 
logic for control signal generation. 

state, while in the non-shoot-through state, the energy stored in 

these inductors are discharged and transferred to the main 

circuit. Besides, the voltage stresses across all the diodes are 

measured and shown in Fig. 18(d), which shows a good 

agreement with the simulation results in Fig. 15(b). Meanwhile, 

as shown in Fig. 18(e), the rms value of the ac output phase 

voltage is measured about 107V, which is slightly lower than 

the desired value, due to the parasitic effect of passive/active 

components. In addition, the experimental waveforms of the 

unfiltered/filtered ac output phase voltage, line voltage and the 

phase current are also measured in Figs. 18(e) and (f), which are 

fit well with the simulation results in Fig. 15(c), except for 

some spikes and switching noise superimposed, which are 

generated at nearly all semiconductor switching instants. 

       
                                         (a)                                                                      (b)                                                                       (c) 

             
                                         (d)                                                                       (e)                                                                      (f) 
Fig. 18 Experimental results for the proposed inverter when Vdc=60V, D=0.235, M=0.8834, B=5.86. 
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Table X shows the comparison between the simulation and 

experimental results for the peak dc-link voltage and capacitor 

voltages. From this table, it can be observed that the simulated 

peak dc link voltage and capacitor voltages are, respectively, 

6.27%, 3.85% and 4.82% higher than the corresponding 

experimental values. This is due to the fact that the voltage 

drops on inductors, capacitors and diodes were ignored in 

simulation, whereas these cannot be ignored in practical 

applications. 

Table X 

Peak DC link and capacitor voltages in simulation and 

experiment 

Peak DC link voltage

Capacitor voltage,

VC1=VC4

Capacitor voltage,

VC2=VC3

Simulation Experimental Δ Experimental

351V

208V

145V

329V

200V

138V

6.27%

3.85%

4.82%

 
Additionally, the experimental harmonic spectrum of the 

unfiltered ac output line voltage (Vbc), filtered ac output phase 

current are measured and shown in Fig. 19. From Fig. 19(a), it 

can be observed that the harmonic spectrum of the unfiltered ac 

output line voltage Vbc is mainly distributed near the switching 

frequency (10kHz) and its integer multiple frequencies, which 

shows a good accordance with the theoretical analysis. Fig. 

19(b) shows the measured harmonic spectrum of the filtered ac 

output phase current. From this figure, one can find that the 

main spectrum components are the fundamental frequency 

(50Hz) components, and the measured total harmonic 

distortion (THD) of the load current is about 2.43%. 

 
                                                        (a) 

 
                                                        (b) 
Fig. 19 Experimental results of the harmonic spectrums for the proposed 
qZSI when D=0.235, M=0.8834. (a) Harmonic spectrum of the unfiltered 
line voltage (Vbc), (b) Harmonic spectrum of the load phase current. 

In order to better evaluate the dynamic response performance 

of the proposed converter. The transient-state experimental 

results with load change (from no load to full load and vice 

versa) have been measured and shown in Fig. 20. Fig. 20(a) 

shows the experimental results of filtered line voltage (Vab, Vbc) 

and phase current (ib, ic) from no load to full load, and Fig. 20(b) 

is the zoom-in of Fig. 20(a). Fig. 20(c) shows the experimental 

results from full load to no load, and Fig. 20(d) is the zoom-in 

of Fig. 20(c). 

 
                                                        (a) 

 
                                                        (b) 

 
                                                        (c) 

 
                                                        (d) 
Fig. 20 Experimental results of the transient-state with load change. (a) 
From no load to full load, (b) Zoom in of Fig. 20(a), (c) From full load to 
no load, (d) Zoom in of Fig. 20(c). 

Fig. 21 shows the experimental results when the load type is 

considered to be unbalanced and nonlinear. For the unbalanced 

load type, as shown in Fig.21(a), we set the load resistances of 

phase A, B and C are Ra=50Ω, Rb=100Ω, Rc=150Ω, 

respectively. For the nonlinear load type, a three-phase diode 

bridge rectifier feeding to the R-L-C load is constructed, which 

is shown in Fig. 21(b), and the Lo=15mH, Co=470uF, Ro=50Ω. 

Fig. 21(c) shows the experimental results of the proposed 

inverter when it is operated at the unbalanced load type. Due to 
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                                                        (d) 
Fig. 21 (a) Circuit diagram of the unbalanced load, (b) Circuit diagram of 
the nonlinear load, (c) Experimental results of the proposed qZSI under 
the unbalanced load condition, (d) Experimental results under the 
nonlinear load condition. 
the load resistance of phase A, B and C is different, the 

measured load phase currents have different amplitude values, 

as shown in Fig. 21(c), the peak value of load current ia is about 

2A, while for the phase current ic, the peak value is about 1.2A. 

The experimental results of the proposed qZSI under nonlinear 

load type is measured and shown in Fig. 21(d). From this figure, 

it can be observed that the measured filtered line voltage and 

phase current both have severe distortion, and the measured 

THD value of the load current is about 36%. 

Fig. 22 shows the comparison between the calculated and the 

experimental boost factors. From this figure, it can be seen that 

by increasing the value of the duty cycle the difference between 

calculated and experimental results are increased. This is due to 

the high conduction power losses on devices during a large 

shoot-through interval, which exists in all kinds of (q)ZSIs. 

 
Fig. 22 Calculated and experimental values of boost factor. 

The efficiency of the proposed inverter with different output 

power has been measured and depicted in Fig. 23 by changing 

the load from 250W to 756W keeping the input voltage is 60V 

to obtain 110Vrms ac output phase voltage. From this figure, it 

can be seen that the maximum measured experimental 

efficiency was about 91%, which was not high. This can be 

explained by the fact that the proposed qZSI has a 

shoot-through state and the passive/active components 

selection were not optimal in the experimental setup. When the 

shoot-through duty cycle is large for high voltage gain, the 

power losses in passive and active components would be 

significant. 

 
Fig. 23 Measured efficiency versus different output power. 

VIII. CONCLUSION 

A new high boost quasi-Z-source inverter with combined 

two quasi-Z-source network was proposed in this paper. The 

operating principle analysis, power loss analysis, and 

performance comparison with other high boost (q)ZSIs have 

been described in detail. Finally, both the simulation and 

experimental results are presented to validate the effectiveness 

of the proposed topology. Compared with the conventional 

high boost (q)ZSIs, the proposed inverter not only has a 

common ground between the input source and the inverter 

bridge, but also can provide higher boost factor over the whole 

shoot-through duty ratio range, smaller inductance and 

capacitance at the impedance network, and lower active 

switching voltage stress across the main inverter for the same 

dc input and ac output voltages. Although the proposed 

topology has the same voltage boost factor with the EB-ZSI and 

EB-qZSI, it has lower capacitor voltage stresses than EB-ZSI 

and has higher efficiency than EB-qZSI. Therefore, it would be 

applicable for the renewable energy system (like PV or fuel-cell 

stacks) where the high boost inversion ability is required for the 

low-voltage DG (distributed generation) sources. 
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