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Abstract: The performance of the Switched Inductor Quasi Impedance Source Inverter (SL-qZSI) for the 

Simple, Maximum, and Maximum Constant Boost Control Methods for PV Application is compared in this 

study.  Because a second DC-DC converter must be added to the inverter circuit to achieve the desired output 

due to the significant voltage differential between the AC output side and the DC input side, the suggested 

control technique intends to increase the efficiency of the DC/AC converter. This two-stage system i.e., DC-

DC conversion and then DC to AC conversion not only reduces the efficiency but also dilutes the dynamic 

response. Researchers have recently suggested alternative ZSI to maximize the boost factor and enhance the 

functionality of the inverters (Input Side).  To satisfy both requirements, SL-qZSI is suggested. The SL-qZSI 

enhances input current and reliability compared to conventional ZSI. Additionally, compared to other ZSI, the 

proposed SL-qZSI has lower shoot-through (ST) current, current stress on inductors & diodes, and voltage 

stress on capacitors. Additionally, it prevents the starting inrush current, which may harm the equipment. The 

boost factor and gain of the maximum boost control are found to be high compared to others for the same value 

of the modulation index in the control component, but a large inductor is needed due to the significant ripple in 

the input current and shoot-through current. The inductor's high value results in an increase in both the inverter's 

size and price. Results from simulations have been run under the PV panel's Standard Test settings. 

Keywords Impedance network, impedance source inverter, Constant-boost, shoot-through, Maximum-boost, 

PWM, Renewable energy, DC-DC converters, Photovoltaic (PV), Electric Vehicle, Efficiency, QZSI, SL-qZSI 

and Stability 

 

 

1. Introduction 

In the present scenario we all are aware that there is an increase in the demand for Converters and their 

control algorithms in the field of Electric vehicle charging, EV drives and photovoltaic (PV) solar energy system, 

integration of micro-grids, and wireless energy transfer[1]–[5]. It is imperative to create renewable, highly 

efficient, and clean forms of energy due to the depletion of fossil fuels, rising environmental concerns, and 

increasing electrical energy consumption worldwide. The development of several alternatives includes Solar PV, 

one of the most promising renewable energy sources. Unfortunately, the PV arrays are low-voltage dc sources, 

necessitating a large step-up dc-dc converter to convert to a higher voltage. Before attaching it to a dc-ac inverter 

for grid- related applications, as seen in Fig. 1[6]. The solar photovoltaic system can be utilized in grid-interactive 

mode, which supplies power to a utility grid, or in stand-alone mode, which supplies power directly to the load. 

Whenever a solar PV system feeds ac loads in stand-alone mode or feeds the utility grid at a specific voltage and 

frequency, it always needs an interface inverter[7]. Renewable energy sources or batteries provide DC input 

voltage and Converting DC input sources to AC output waveforms is essential in most applications. 

Conventionally, there are two kinds of inverters, VSI (Voltage Source Inverters) and CSI (Current Source 

Inverters) which are used for energy conversion between DC voltage sources and AC load. Also, when there is an 

enormous variation between AC output voltage and DC input voltage, another DC-DC converter is added at the 

input side of the inverter to adjust the output voltage level. This two-stage system (DC-DC and then DC-AC) not 

only decrease the dynamic response but also reduces the system’s efficiency[8]. In conventional inverters, the 
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presence of dead time between the two switches of the same leg is required to avoid short circuit failure. But it 

will create distortion in the waveform. By using an Impedance-source inverter (ISI) developed by F.Z. Peng, this 

issue is improved. Because of advances in technology, improved versions of the Z source inverters have been 

developed by researchers. Quasi Z-source inverters (q-ZSI), Switched Inductor impedance source inverters (SL-

ZSI) and Switched Inductor Quasi ZSI are advanced versions of the ZSI family that have a high boost factor as 

compared to the conventional ZSI[9]–[12]. Controlling the conventional and advanced ZSI is also very important 

in improving performance. The control of SL-ZSI involves, how and what width of the ST (shoot-through) pulse 

is inserted in the SPWM (Sine Pulse Width Modulation). So based on ST width, three control methods for PV 

application are discussed in this paper i.e. SBC (Simple Boost Control), MBC (Maximum Boost Control), and 

MCB Control (Maximum Constant Boost Control)[13]. 
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Fig 1: The PV grid-connected system. 

 

2. Switched-Inductor 

In this paper, SL-qZSI has been used for continuous input current to examine various control techniques. 

As compare to the q-ZSI, Three diodes and one inductor are added in SL-qZSI, but by adding it boost factor 

increases from 1/ (1−2D0) to (1+D0)/ (1−2D0−D0
2) [10], [11]. For the similar input and output voltages, as 

compared to SL-ZSI it provides continuous input current, reduces the passive component count, a common ground 

with the dc source, and the boost factor varies from 1+D0)/ (1−3D0) to (1+D0)/ (1−2D0−D0
2) [9], [11]. It consists 

of four diodes (D1, D2, D3 and Din), three inductors (L1, L2, and L3) and two capacitors (C1 and C2). The 

combination of D1–D2–D3–L2–L3 acts as a switched-inductor cell. 
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Fig 2:   SL-qZSI with continuous input current 
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2.1 Circuit Analysis of SL-qZSI 

Circuit analysis of SL-qZSI is like conventional ZSIs. However, SL-qZSI has an additional ST state other 

than six active and two zero states. For analysis, the operation of SL-qZSI has been divided into 1. ST State, 2. 

Non-ST states. 

Non-ST state inverter has two zero states and Six active states. During the Non-ST state, D1 and Din will 

on, while D2 and D3 will be off. Inductor L2 and L3 are connected in series. C1 and C2 capacitors are charged, 

while transfer energy takes place from the DC source to the inverter legs through inductors L1, L2, and L3. In this 

state, voltages across L2 and L3 are VL2 _non and VL3_non, respectively. We get 

𝑣𝐿1 = 𝑣𝐶1 − 𝑉0 

𝑣𝐿2 = 𝑣𝐿2𝑛𝑜𝑛 = 𝑣𝐶2 − 𝑣𝐿3𝑛𝑜𝑛  

𝑣𝐿3 = 𝑣𝐿3𝑛𝑜𝑛 = 𝑣𝐶2 − 𝑣𝐿2𝑛𝑜𝑛 

𝑣𝑃𝑁 = 𝑣𝐶1 + 𝑣𝐶2 
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Fig. 2.1.1:  Non-shoot-through of SL-qZSI. 

 

In ST (Shoot-Through) State, the switches of the same phase leg are short-circuited. During this state, 

D1 and Din are off, while D2 and D3 are on, and energy stored in inductor L1 and inductor L2 and L3 are connected 

in parallel. The energy stored in capacitors C1 and C2 gets discharged. In this state voltages across inductors are- 

𝑣𝐿1 = −𝑣𝐶2 − 𝑉0 

𝑣𝐿2 = 𝑣𝐿3 = −𝑣𝐶1 
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Fig. 2.1.2: Shoot-through of SL-qZSI. 

 

If T1 and T0  are the time interval of ST and Non-ST State respectively. then by applying the volt-second balance 

we obtain: - 

𝑣𝐿2𝑛𝑜𝑛 = 𝑣𝐿3𝑛𝑜𝑛 =
−𝐷0

1 − 𝐷0

𝑣𝐶1 + 𝑣𝐶2 

𝑣𝐶2 =
2𝐷0

1 − 𝐷0

𝑣𝐶1 

{

𝑣𝐶1 =
1 − 𝐷0

1 − 2𝐷0 − 𝐷0
2 𝑉0

𝑣𝐶2 =
2𝐷0

1 − 2𝐷0 − 𝐷0
2 𝑉0

 

Peak voltage across DC link can be written as- 

𝑣𝑖𝑛𝑣 = 𝑣𝐶1 + 𝑣𝐶2 =
1 + 𝐷0

1 − 2𝐷0 − 𝐷0
2 𝑉0 = 𝐵. 𝑉0 

The boost factor (B) of SL-qZSI is given by- 
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𝐵 =
1 + 𝐷0

1 − 2𝐷0 − 𝐷0
2 =

1 +
𝑇0
𝑇

1 − 2
𝑇0
𝑇
− (

𝑇0
𝑇
)2

 

 

For the analysis of the SL-qZSI consider the inductor L2 and L3 are same and equal to L current through it. So, 

the dynamic equations in non-ST state are- 

𝐿1
𝑑𝑖𝐿1
𝑑𝑡

= 𝑉0 + 𝑣𝐶2

𝐿
𝑑𝑖𝐿
𝑑𝑡

= 𝑣𝐶1

𝐶1
𝑑𝑣𝐶1
𝑑𝑡

= −2𝑖𝐿

𝐶2
𝑑𝑣𝐶2
𝑑𝑡

= −𝑖𝐿1

 

 

For ST state the dynamic equations given by- 

𝐿1
𝑑𝑖𝐿1
𝑑𝑡

= 𝑉0 − 𝑣𝐶1

𝐿
𝑑𝑖𝐿
𝑑𝑡

=
1

2
𝑣𝐶2

𝐶1
𝑑𝑣𝐶1
𝑑𝑡

= 𝑖𝐿1 − 𝑖𝑖𝑛𝑣

𝐶2
𝑑𝑣𝐶2
𝑑𝑡

= 𝑖𝐿 − 𝑖𝑖𝑛𝑣

 

 

In steady state, for one switching cycle T, So, the average voltage and current across inductor and capacitor 

respectively are derived as follows: - 

{

𝐿1
𝑑(𝑖𝐿1)𝑇
𝑑𝑡

= 𝐷0. (𝑉0 + 𝑣𝐶2) + (1 − 𝐷0). (𝑉0 − 𝑣𝐶1) = 0

𝐿
𝑑(𝑖𝐿)𝑇
𝑑𝑡

= 𝐷0. (𝑣𝐶1) + (1 − 𝐷0). (
−1

2
𝑣𝐶2) = 0

𝐶1
𝑑(𝑣𝐶1)𝑇

𝑑𝑡
= 𝐷0. (−2𝑖𝐿) + (1 − 𝐷0). (𝑖𝐿1 − 𝑖𝑖𝑛𝑣) = 0

𝐶2
𝑑(𝑣𝐶2)𝑇

𝑑𝑡
= 𝐷0. (−𝑖𝐿1) + (1 − 𝐷0). (𝑖𝐿 − 𝑖𝑖𝑛𝑣) = 0

 

 

The capacitor voltages and inductor currents can be written as: 

{

𝑣𝐶1 =
1 − 𝐷0

1 − 2𝐷0 − 𝐷0
2 𝑉0

𝑣𝐶2 =
2𝐷0

1 − 2𝐷0 − 𝐷0
2 𝑉0

 

{

𝑖𝐿1 =
1 − 𝐷0

2

1 − 2𝐷0 − 𝐷0
2 𝑖𝑖𝑛𝑣

𝑖𝐿2 = 𝑖𝐿3 = 𝑖𝐿 =
1 − 𝐷0

1 − 2𝐷0 − 𝐷0
2 𝑖𝑖𝑛𝑣

 

 

The input power can be calculated by- 

𝑃𝑖𝑛𝑝𝑢𝑡 = 𝐼𝑖𝑛𝑝𝑢𝑡 ⋅ 𝑉𝑖𝑛𝑝𝑢𝑡
𝑃𝑖𝑛𝑝𝑢𝑡 = 𝑖𝐿1 ⋅ 𝑉0

 

 

If losses of the inverter are neglected, then power flowed from the DC side of the inverter is equal to the load 

power. 
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During the non-ST state T1 and the ST state T0, the DC-link voltage across the inverter bridge is- 

𝑣𝑖𝑛𝑣 = 𝑣
^

𝑖𝑛𝑣 

𝑣𝑖𝑛𝑣 = 0 

For one switching cycle T the load power can be given by: 

𝑃𝑙𝑜𝑎𝑑 = 𝑣𝑖𝑛𝑣 ⋅ 𝑖𝑖𝑛𝑣 = 𝐷0 . 0 + (1 − 𝐷0). 𝑣𝑖𝑛𝑣 ⋅ 𝑖𝑖𝑛𝑣
𝑃𝑙𝑜𝑎𝑑 = (1 − 𝐷0). 𝑣𝑖𝑛𝑣 ⋅ 𝑖𝑖𝑛𝑣

 

 

2.2 Parameter Design of SL-qZSI Network 

Performance of inverter depends on selecting the parameters of SL-qZSI network elements[14]. The 

impedance network of the SL-qZSI includes two capacitors and three inductors. The critical values of the 

capacitances (C1 & C2) and the inductances (L1, L2 and L3) of the SL-qZSI are given by: - 

 

𝐶1 = 𝑖𝐿2
𝐷0

𝑓𝑠 ⋅ 𝛥𝑣𝐶1
 

𝐶2 = 𝑖𝐿2
𝐷0

𝑓𝑠 ⋅ 𝛥𝑣𝐶2
 

𝐿1 = (𝑣𝐶2 + 𝑉0)
𝐷0

2𝑓𝑠 ⋅ 𝛥𝑖𝐿1
 

For inductor L2 and L3, if L2 = L3 = L 

           𝐿 = 𝑣𝐶1
𝐷0

𝑓𝑠⋅𝛥𝑖𝐿
 

 

3. Control Methods 

Boosting factor of the impedance source inverter depends on the shoot-through state because this 

additional ST state apart from the traditional non-shoot-through state increases DC link voltage which helps to 

increase boost factor. This work discusses three control strategies based on the width of the shot through. These 

three control techniques are Maximum Constant Boost (MCB) Control, Maximum Boost (MB) Control, and 

Simple Boost (SB) Control. Maximum boost control has the widest shoot-through and simple boost control's 

narrowest, [13]–[19]. 

 

S. No Control Methods Conversion of Zero State 

1 Simple Boost (SB) Some zero states are converted into ST state. 

2 Maximum Boost (MB) Every zero state is changed into a ST state. 

3 Maximum Constant Boost (MCB) The majority of zero states have been changed 

into ST States. 

 

For traditional Three Phase Inverter Output Voltage equation is given by: 

𝑉
^

𝑜𝑢𝑡 =
𝑀 ∗ 𝐵 ∗ 𝑉0

2
 

 

The following is the expression of Boost factor for the SL-qZSI: 

𝐵 =
1 + 𝐷0

1 − 2𝐷0 − 𝐷0
2 

So, from above equation gain for SL-qZSI is given by- 

𝐺 = 𝐵.𝑀 

𝐺 = 𝑀.
(1 + 𝐷0)

(1 − 2𝐷0 − 𝐷0
2)
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3.1 Simple Boost Control 

This control method maintains the six active states in the same manner as in the conventional carrier 

based PWM by inserting shoot through in all the PWM's traditional zero states throughout one switching cycle. 

Figure 1 shows the simple boost control method (3.1.1)[22]. the boost factor and voltage gain are given by- 

𝐵𝑜𝑜𝑠𝑡𝑓𝑎𝑐𝑡𝑜𝑟(𝐵) =
𝑀 − 2

𝑀2 − 4𝑀 + 2
 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒𝐺𝑎𝑖𝑛(𝐺) =
𝑀. (𝑀 − 2)

𝑀2 − 4.𝑀 + 2
 

 

 

 
Fig. 3.1.1: Voltage gain of the simple boost control 

Voltage stress across the devices is given by 

𝑉𝑖𝑛𝑣 =
𝑀 − 2

𝑀2 − 4𝑀 + 2
⋅ 𝑉𝑑𝑐  

 
Fig. 3.1.2: Switch voltage stress versus voltage gain for simple boost control 

 

3.2 Maximum Boost Control 

The approach for controlling maximum boost is shown in Fig. (3.2.1). The conventional carrier based 

PWM control approach and this one is quite similar. With this control scheme, all zero states become shoot-

through zero states while the six active states remain unaltered. With no distortion to the output waveform, 

maximum T0 and B are therefore attained for every given modulation index M[15]. the boost factor and voltage 

gain for MBC are given by- 

           𝐵𝑜𝑜𝑠𝑡𝑓𝑎𝑐𝑡𝑜𝑟(𝐵) =
8π2−6√3π.𝑀

−8π2+24√3π.𝑀−27𝑀2 
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𝑉𝑜𝑙𝑡𝑎𝑔𝑒𝐺𝑎𝑖𝑛(𝐺) =
8π2𝑀 − 6√3π.𝑀2

−8π2 + 24√3π.𝑀 − 27𝑀2
 

 

 

 

 
Fig. 3.2.1: Voltage gain of maximum boost control 

 

The devices' voltage stress is determined by- 

𝑉𝑖𝑛𝑣 =
8π2 − 6√3π.𝑀

−8π2 + 24√3π.𝑀 − 27𝑀2
𝑉0 

 

 
Fig. 3.2.2: Switch voltage stress versus voltage gain for maximum boost control. 

 

3.3 Maximum Constant Boost Control 

The shoot-through duty ratio must constantly be consistent in order to reduce volume and cost. To reduce 

the voltage stress across the switches, a larger voltage boost is desired for any given modulation index. The 

maximum constant boost control approach is shown in Fig. (3.3.1), which consistently maintains the shoot-

through duty ratio while achieving the greatest voltage gain[18]. the boost factor and voltage gain for MCBC are 

given by- 
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          𝐵𝑜𝑜𝑠𝑡𝑓𝑎𝑐𝑡𝑜𝑟(𝐵) =
8−2√3.𝑀

−8+8√3.𝑀−3𝑀2 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒𝐺𝑎𝑖𝑛(𝐺) =
8𝑀 − 2√3.𝑀2

−8 + 8√3.𝑀 − 3𝑀2
 

 

 
 

 
Fig. 3.3.1: Voltage gain of maximum constant boost control 

 

The devices' voltage stress is determined by- 

𝑉𝑖𝑛𝑣 =
8 − 2√3.𝑀

−8 + 8√3.𝑀 − 3𝑀2
𝑉0 

 
Fig. 3.3.2: Voltage stress versus voltage gain for maximum constant boost control. 

 

3.4 Comparison of Voltage Gain 

Expression and plot of Voltage Gain and modulation index of SL-qZSI for different controls are shown 

below- 
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Table 1: Comparison of parameters in different control methods 

Parameters/ 

Control methods 

SBC MBC MCBC 

ST Duty ratio 

(D0) 
 

 
  

Boost Factor (B) 

   

Voltage Gain (G) 

 
  

Voltage Stress 

across device (Vs) 
   

 

 
Fig. 3.4: Voltage gain comparison of different control methods 

 

From the plot of Switched Inductor quasi ZSI for different control methods, it is clear that for the same 

modulation value index gain is maximum in the case of MCB control and minimum for SB. 

 

3.5 Comparison of Voltage Stress 

         The figure 3.4 shows that the maximum constant boost control approach has somewhat more 

significant voltage stress than the maximum control method while having significantly lower voltage stress across 

the devices than the simple control method. Therefore, the voltage-stress ratio should be one. The solution 

presented in this study is highly desired for applications requiring a voltage gain of two to three. The graphs show 

that a voltage gain of 2.5 can be attained with just a 30% increase in voltage stress. More importantly, because 

there are no low-frequency ripples associated with the output voltage in the inductor current and capacitor voltage, 

this control approach requires the least amount of inductance and capacitance, which lowers the cost, size, and 

weight of the Impedance-source network. The list of expressions for the various PWM control methods is shown 

in Table. 

1-M 2π-3 3.M

2π

3M
1-

2

M-2

2 -M 4M+2

28π -6 3π.M

2 2-8π +24 3π.M-27M

8-2 3.M

-8+8 3.M-3M2

( )M. M-2

2M -4.M+2

2 28π -6 3π.

2 2-8π +24 3π.

M

M-27

M

M

28M-2 3.M

2-8+8 3.M-3M

M-2
V

2M -4M+2
0

28π -6 3π.
V

2 2-8π +24 3π. -27

M
0

M M

8-2 3.M
V

2-8+8 3.M-3M
0
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Fig. 3.5.1: Shooth-through Current Stress 

 
Fig. 3.5.2: Voltage stress comparison of different control methods 

 

Table 2: Component of the proposed converters and those in [6] and [22]– [23].

 

Refs. 

 

Compone

nts 

Capacit

or 

Voltage 

Stress 

(Vc/Vdc) 

Induct

or 

Curre

nt 

Stress 

(IL/IPN

) 

Input 

Current 

Shoot-

Through 

Current 

Stress 

(Ish/IPN) 

Boost 

Factor 

(B) 

Gain (G) 

Average 

DC-link 

Curren

t (IPN) 

[9] 4 Inductor 

2 

Capacitor 

7 Diode 

(1- )

1

D B

D+  

1-

1

D
B

D+  

0; 2 -
1

I I
L PN  

( )4 1-

1

D B

D+
 

1

1-3

D

D

+
 

24 - 3

3 3 -4

M M

M
 

^(1- )D
V PN

R
l

 

[23] 4 Inductor 

2 

Capacitor 

5 Diode 

( )21-D B  

( )1-D B  

( )1-D B  

( )21-D B  

0; 2 -
1

I I
L PN  

22(1- ) 2(1- )D B D B+  1

21-4 2D D+
 

2

23 -2

M

M
 

^(1- )D
V PN

R
l

 

[24] 4 Inductor 

2 

Capacitor 
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4. Simulation Results (Comparisons of Different Control Methods) 

The comparison of the various control methods discussed above investigates effectiveness of the different 

control methods on switched inductor quasi-Impedance-source inverters (SL-qZSI). Simulation of SL-qZSI has 

performed at the fixed value of modulation index .8, input DC voltage 48 V, carrier frequency 10 kHz, Three 

phase output filters (Lf and Cf) of 20 mH, 30 µF and output load of 1 kilowatt. The value of inductors (L1=L2=L3) 

and capacitors (C1=C2) used for simulation are 10 mH and 1000 µF. In simulation result this paper compares (as 

shown in the figure 4.2- 4.10) Shoot-through states, Input current, Voltage across capacitor C1 & C2, Voltage 

across the inverter input, load current and Shoot-through Current (Ish) in different control methods for the same 

value of modulation index. The block diagram of closed-loop control of SL-qZSI is shown in the figure. 

Din

VC1
Filter Load

L1 D1

D3

D2

+
-

C1

C2

+-
VC2

3 Phase
Inverter

L3

L2

ABC/dq

dq/ABC

PI

Modulator

+  Vd_ref

-   Vd

Control Circuit
 

Fig. 4.1:  Block diagram of SL-qZSI 

 

 
Fig. 4.2: PV-Voltage for different control methods. 
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Fig. 4.3: PV- current in different control methods. 

 
Fig. 4.4: Voltage across capacitor C1 in different control methods. 

 

 
Fig. 4.5: Voltage across capacitor C2 in different control methods. 
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Fig. 4.6: Voltage across the inverter input in different control methods. 

 
Fig. 4.7: load current in different control methods. 

 
Fig. 4.8: Output Phase voltages in different control methods. 
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Fig. 4.9: Output Lne voltages in different control methods. 

 
 

Fig. 4.10: Inductor Current (IL2) 

 

Value of shoot through duty ratio (D0), Boost factor (B), Voltage across capacitors (VC1, VC2 ), DC-link, 

voltage across the inverter bridge (Vinv), Gain (G), RMS line voltage and Peak Value of Shoot-through Current 

(amp) for the modulation index 0.8 is shown in the table 3. 

 

Table 3: Comparison of SL-QZSI for different control at .8 modulation index 

Control Method Maximum 

Constant Control 

Maximum Boost 

Control 

Simple 

Control 

D0 .307 .338 .2 

B 4.48 6.42 2.142 

VC1 (Volt) 114.7 152 68.57 

VC2 (Volt) 101.6 155.25 34.28 

Vinv (Volt) 215 308.16 102.82 

Gain 3.55 5.14 1.71 

RMS Line Voltage (Volt) 105.3 150.96 50.37 

Peak Value of Shoot-

through Current (amp) 

80 120 35 

 

Above simulation result are obtain for same value of modulation index, boost factor, gain and RMS Line 

voltage for maximum boost control is 6.42, 5.14, 150.96 V respectively 
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order to produce an output voltage that requires a high voltage gain, a small modulation index must be used. 

However, small modulation indexes result in greater voltage stress on the devices. 

 

5. Conclusion 

The maximum constant boost control of the SL-qZSI was introduced in this study, and it offers the 

following key benefits: continuous input current, high voltage inversion capability. Even though the voltage stress 

across the device only slightly rises compared to maximum boost control, this strategy is very beneficial for 

reducing components of the z source network (reduction of passive elements size). Furthermore, when converting 

a low input dc voltage to a large output ac voltage, as is the case in fuel cells or solar applications, the proposed 

SL-qZSI is highly helpful. 
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