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Abstract-- This article proposes a new controller for a switched-

capacitor-inductor-active switched boost inverter (SCL-ASBI). 

The proposed controller provides a high voltage gain. This 

controller improves the boost factor without adding extra 

components to the SCL-ASB inverter. This control method 

increases the boost factor with a low duty cycle, and paves the way 

for the soft-switching condition of the switches. The control 

method has the shoot-through (ST) state to reduce electromagnetic 

interference (EMI) noises. The boost factor is flexible, owing to 

utilizing a phase shift in this method. The switching algorithm and 

theoretical analysis are discussed. The simulation results are 

presented to confirm the validity of the theoretical analysis and the 

advantages of the proposed inverter. 

 
Index Terms--single-stage inverter, switched-capacitor-

inductor, soft switch, controller, impedance network 

I.  INTRODUCTION 

N the past few years, scientists focused on single-stage power 

inverters (SSIs) that convert DC input voltage into AC output 

voltage. SSIs have low weight, low cost, high reliability, and 

high performance [1]. 

The Z source inverter (ZSI) is introduced in [2]-[5]. In ZSI, 

DC-line is connected to the H-bridge via two capacitors and two 

inductors. Despite the advantages, such as operating in buck or 

boost and ST modes, there exist plenty of elements. 

The quasi-Z-source inverter (qZSI) is a reasonable option in 

renewable energy applications [6], [7] due to having continuous 

input current, boosting capability, and capacitor voltage stress. 

The qZSI has Shoot Through state (ST). In the ST state, both 

switches in one leg are on. This feature can increase the voltage 

gain. Also, the reliability is enhanced because dead-time is not 

required. The qZSI is suitable for photovoltaic (PV) systems 

and electric vehicles [8]-[12]. Despite the mentioned 

advantages, its practical boosting ability is not enough. 

To achieve a high gain, several structures based on Z-source 

inverter and (quasi-) Z-source inverter have been introduced in 

[13]-[21], In these structures, high gain is achieved by adding 

extra inductors, capacitors, and diodes. In Diode-assisted quasi-

ZSI and capacitor-assisted quasi-ZSI introduced in [15], the 

voltage gain is improved. However, these structures are 

complex. By adding a switched inductor (SL) in ZSI/qZSI, 

boosting is increased [16], [17]. Ripple input current SL-qZSI  

and continuous input current SL-qZSI, enhanced-boost z-

source inverter based on switched z-impedance, and Enhanced-

boost quasi Z-source inverters with two switched impedance 

networks (EB-qZSI) are respectively introduced in [18]-[20]. 

All these topologies involve many passive elements, which 

increase volume and cost. 

The switched-capacitor inductor qZSI can suppress inrush 

current at the start-up moment [21]. The switched-capacitor 

inductor ZSI with an impedance network can be cascaded and 

has low voltage stress [22]. the qZSI with combined two quasi-

Z-source networks has a common ground between the input 

source and the inverter bridge and low voltage stress across the 

switches [23]. The switched inductor/capacitor quasi Z-source 

inverter has low voltage stress and low input current ripple [24]. 

These topologies pay off with improving boost factor in spite 

of involving many passive components. It is not a trivial matter. 

The active-switched structures are proposed to improve the 

boost factor. In these topologies, by adding a few elements, the 

output voltage is increased more than other extended boost Z-

source inverters. In the conventional active switched inverter, 

the active switch is on in the ST mode and is off in the non-ST 

mode. The drawback of the active-switched structures is that a 

separate gate driver is needed for the additional switch [25].  

The structures that increase the boost factor by adding extra 

inductors, capacitors, and diodes to the qZSI topology are 

presented in [26]-[30]. The extended boost active-switched-

capacitor/switched-inductor qZSI (CSC-EB-ZSI) is proposed 

in [26]. The enhanced-boost qZSI with an active switched Z-

network (EB/ASN-qZSI) is introduced in [27]. The inverters 

proposed in [20], [26], and [27] have the same boosting, while 

the number of LC pairs in [26] is reduced. The conventional 

active-switched inductor boost qZSI (cASLB-qZSI) [28] 

provides continuous input current and higher boost voltage than 

[26] and [27]. The high boost non-isolated qZSI with an active 

switched Z-impedance network is proposed in [29]. This 
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and the input voltage source, lower current stress. Also, this 

inverter can suppress the inrush startup current. The high 

voltage gain active switched qZSI (HGAS-qZSI) is presented 

in [30]. The boost factor of [30] is improved. However, the 

number of components in the Z-source network increases.  

The switched boost inverter (SBI) and the embedded-type 

quasi-switched boost inverter (qSBI) are presented in [31], [32]. 

The high voltage gain quasi-switched boost inverter (HG-qSBI) 

is presented in [33]. Although the input current is continuous 

and has a low ripple, the boost factor is not high enough. The 

enhanced boost-quasi Z source inverter is introduced in [34]. 

This inverter can improve the boost factor and reduce the 

number of inductors. In embedded-type qSBI, although the 

number of elements is equal to SBI, the voltage gain increases. 

A high gain-switched capacitor-quasi switched boost inverter 

(HG-SC-qSBI) was proposed in [35]. In this topology, the boost 

factor is high, but the number of elements is increased.  

A capacitor-inductor active-switched boost inverter (SCL- 

ASBI) based on the SBI structure is introduced in [36]. The 

introduced SCL-ASBI has few elements compared with other 

SBIs.  

This paper introduces a new controller for SCL-ASBI. The 

SCL-ASBI offers higher boost ability with low number of 

elements in the impedance network. The advantages of the 

proposed topology are high voltage gain with a low duty cycle, 

continuous input current, low EMI noises, and soft switching 

conditions. Two switches turn on in ZVS condition and two 

switches turn off in ZVS condition. In addition, the phase shift 

and ST duty ratio are two factors in the voltage gain of the 

proposed structure that increase flexibility. Also, SCL-ASBI 

can be extended to make a higher boost factor by cascading n 

cells, whereas one cell involves an inductor, a diode, and two 

capacitors. The introduced inverter is acceptable for high-

frequency applications. In subsequent, firstly, SCL-ASBI is 

presented. Afterward, the introduces HG-SCL-ASBI and its 

steady-state analysis are presented. After that, the design of the 

passive elements is discussed. Eventually, the introduced HG-

SCL-ASBI is compared with some other inverters to verify the 

theoretical analysis. 

II.  INTRODUCED HG-SCL-ASBI 

A.  Switched-Capacitor-Inductor Active-Switched Boost 

Inverters 

The SCL-ASBI topology can be seen in Fig. 1 It includes 

two inductors (L1, L2), three capacitors (C1, C2, and C3), seven 

diodes (D1-D3), and five switches (S0-S4). By applying the 

proposed controller to SCL-ASBI, the boost factor is improved. 

In the theoretical analysis, the current of inductors and voltages 

of capacitors are supposed to be constant because these 

inductors and capacitors are large enough [36]. 

B.  The Proposed SPWM Control method for HG-SCL-ASBI 

The PWM control method are common in inverters [2], [37]. 

This paper proposes a new controller for SCL-ASBI that 

increases the boost factor. The proposed switching method uses 

phase shift, high-frequency carrier, and high-frequency sin 

wave. This switching algorithm is illustrated in Fig. 2. The 

triangular carrying waveform ὺ  and the sine waveform ὺ  

shift by  θradians and made ὺ  and ὺ . These two signals are 

used to generate the gate pulses of S1-S2. 
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 Fig. 1.  HG-SCL-ASBI topology. 
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Fig. 2.  The proposed SPWM controller for HG-SCL-ASBI. 

 

The signals όȟόǲȟόȟό  are generated as (1):    

ὺ π O  ό ρȟὺ π O   ό ρ

ὺ π O   όǲ ρȟὺ π O   ό ρ
     (1) 
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Dst is the duty cycle of shoot-through state Ὓ- Ὓ switches. 

Finally, by utilizing these two waveforms, Dst and 1- Dst, the 

switching pulses are generated as (2): 

 

ὖ Ὀ  ὺ  ᷊ό ᷾όǲ 

ὖ ὺ ρ Ὀ ᷊όǲ᷾  ό

ὖ Ὀ  ὺ ᷊ό᷾ Õ 

ὖ ὺ ρ Ὀ ᷊Õ  ᷾ό 

                             (2) 

In equation (2), ∩ is the logical and,  ᷾is the logical or, and 

ὖ ὖ  are the gate pulses of Ὓ- Ὓ. When Ὓand Ὓ or Ὓ 

and Ὓ are on, the switch Ὓ must be on. Therefore, the gate 

pulse of the switch S0 is as (3):  

 

ὖ ὖ ᷊ὖ ᷾ ὖ ᷊ὖ                                        (3) 

 

Fig. 3 shows the generation of ὖ  from gate pulses of Ὓ-

Ὓ. The gate pulses of switches Ὓ- Ὓ or Ὓ-Ὓ, have ρψπЈ phase 

differences in commonplace switching methods, in H-bridge. 

However, in this technique, owing to the ST state, which is 

indicated by Ὀ 
ϳ , these two pulses overlap. Also, the 

Ὓ ÁÎÄ Ὓ signals have  θradians phase shifts, compared to the 

Ὓ and Ὓ gate signals, respectively. This procedure enhances 

the boost factor and creates soft-switching in several switches. 
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Fig. 3. Generation of ὖὋὛπ from the gate pulses of Ὓ-Ὓ. 

 

C.  Operation analysis  

In the proposed controller, the frequency of the sine wave 

and the triangular carrier is the same, and the switching cycle 

of the HG-SCL-ASBI is divided into eight states.  

Mode 1) [t0 < t < t1]:  

The first operating mode is depicted in Fig. 4(a). It starts 

with concurrent conduction of S1, S3, and D1, D2, D3. However, 

in this mode, S0, S2, and S4 are off. All capacitors C1, C2, and 

C3 are charging. On the contrary, L1 and L2 are discharging.  

Therefore, the voltages of L1 and L2, and the currents of C2 

and C3 are written by (4)-(6):  

ὒ ὠ ὠὭὠ ὠ

ὒ ὠ
        (4) 

ὅ Ὥ Ὥ Ὅ

ὅ Ὥ Ὥ Ὅ
           (5) 

ὠ ὠ ὠ              (6)  

Mode 2) [t1 < t < t2]:  

Fig. 4(b) shows the second mode. The S1, S2, S3, and S0 

switches are on, where D1, D2, and D3 diodes are turned Off. 

This type of conduction charges both inductors L1 and L2, 

whereas the capacitors C1-C3 are discharging during the second 

mode.  

The results of simultaneous conduction of the S1, S2, and S3 

switches are zero voltage across the load, ὠ π, and the 

voltage across the S4 switch is equivalent to zero too.  

The voltages of L1 and L2, and the currents of C2 and C3 can 

be written by (7), (8): 

ὒ ὠὭὠ ὠ

ὒ ὠὭὠ ὠ
           (7) 

ὅ Ὥ Ὥ Ὥ

ὅ Ὥ Ὥ Ὥ
          (8)  

Mode 3) [t2 < t < t3]:  

The third operating mode is illustrated in Fig. 4(c). The S4 

switch is turning on ZVS in this mode, and D1, D2, and D3 are 

turning off. Consequently, during this mode both inductors, L1 

and L2, are charging, where the capacitors C1-C3 are 

discharging. The voltage across to the load is zero, ὠ π. 
Thus, the voltages and currents are present in mode 2. 

Mode 4) [t3 < t < t4]:  

In this mode, S0, S2, S3, and S4 are on. This mode is depicted 

in Fig. 4(d). However, the S1 switch is turning off ZVS, and D1, 

D2, and D3 are turning off too. This type of conduction charges 

L1 and L2. On the contrary, C1-C3 are discharging. Thus, the 

voltages of L1 and L2 and the currents of C2 and C3 can be 

written as mode 2. 

The results of simultaneous conduction of the S2, S3, and S4 

switches are ὠ π, and the voltage across the S1 switch is 

zero. 

 Mode 5) [t4 < t < t5]:  

Fig. 4(e) shows the fifth mode. S2, S4, and D1-D3 are 

conducting, whereas S1, S3, and S0 are turning off. C1-C3 are 

charging, whereas L1 and L2 are discharging. S2 and S4 are 

simultaneous on and thus the negative output voltage is 

maximum as (9).  

As a result, the inductors voltages and the capacitors currents 

equations are given in mode 1. 

ὠ ὠ ὠ             (9) 

Mode 6) [t5 < t < t6]  

In this mode (Fig. 4(f)) the switches S1, S2, and S4, are 

conducting, and the diodes D1-D3 are off. So C1, C2, and C3 are 

discharging and L1 and L2 are charging. The result of 

conducting the S1, S2, and S4 switches is ὠ π, and the 

voltage across the S3 switch is zero.  

The equations of capacitors voltages and the inductors 

currents are given in mode 2. 

https://www.powerthesaurus.org/enhance/synonyms
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Fig. 4.  Operating state of HG-SCL-ASBI. (a) Mode 1, (b) Mode 2, (c) Mode 3, (d) Mode 4, (e) Mode 5, (f) Mode 6, (g) Mode 7, (h) Mode 8.

 

Mode 7) [t6 < t < t7]  

  The seventh mode is illustrated in Fig. 4(g). The S3 switch is 

turning on ZVS in current mode, and D1, D2, and D3 are turning 

off. Consequently, during this mode, both inductors L1 and L2 

are charging, where the capacitors C1-C3 are discharging. The 

output voltage is equivalent to zero, ὠ π. 

The voltages and currents are presented in mode 2. 

Mode 8) [t7 < t < t8]  

In this mode, However, S0, S1, S3, and S4 are conducted, the 

S2 switch is turning off ZVS, and D1, D2, and D3 are turning off 

too. It is shown in Fig. 4(h). This type of conduction is charging 

L1 and L2. On the contrary, C1-C3 are discharging. Thus, the 

voltages of L1 and L2, and the currents of C2 and C3 can be 

written as mode 2. 

Simultaneous conduction of the S1, S3, and S4 switches are 

ὠ π, and the voltage across the S2 switch is zero. 

In the steady-state analysis (Fig. 5), the average voltages 

across the inductors L1 and L2 and the currents through the 

capacitors C1-C3 in one switching period are zero. Utilizing 

voltage-Second balance during one switching period Ts, the 

three voltages of the capacitors are given as (10): 

ὠ ρ
ᶿ
Ὀ πȢυὝ

ὠ ὠ ὠ Ὀ
ᶿ
πȢυὝ π

ὠ ρ
ᶿ
Ὀ πȢυὝ

ὠ ὠ ὠ Ὀ
ᶿ
πȢυὝ π

     (10) 

Equation (11) is obtained from (10): 

ὠ ὠ ᶿ

ὠ ὠ ὠ
ᶿ

ᶿ

         (11) 

From (10), (11), the maximum voltage of the load in the non-

ST state is expressed as (12): 

ὠ ὠ ὠ ᶿ          (12) 

utilizing amper–second balance point to the capacitors C1- C3 

in one period Ts, the currents of L1, L2 are as (13): 

Ὥ Ὥ
ᶿ

ᶿὍ          (13) 
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Fig. 5. Ideal waveforms of HG-SC-qSBI. 

III.  IMPEDANCE PARAMETER SELECTION 

The HG-SCL-ASBI voltage gain is expressed as (14): 

ὄ  θ           (14) 

A.  Inductance Selection 

The load current, IO, is expressed as (15): 

Ὅ                  (15) 

In the ST mode, the current of inductors increases, from (7), 

the peak-to-peak current ripple of inductors L1 and L2, ЎὍȟ is 

(16): 

ЎὍȟ
ȟ

ᶿ

         (16) 

Ὢ is the frequency of the operating point. The ὶϷ of 

inductors L1 and L2 is (17): 

ὶϷ
Ў

                (17) 

From (11), (13), (16), and (17), the value of the L1 and L2 

inductor is determined as (18): 

 ὒȟ

ᶿ ᶿ

Ϸ
         (18) 

B.  Capacitance Selection 

From (8), the required capacitances of C1-C3 are calculated 

as (19): 

ὅ
ᶿ ᶿ

ᶿ
Ϸ

ὅ ὅ
ᶿ ᶿ

ᶿ
Ϸ

       (19) 

 ὶϷ and ὶȟϷ are as (20): 

ὶϷ
Ў

ὶȟϷ
Ў               (20) 

C.  COMPARISON  

The proposed HG-SCL-ASBI is compared with a similar one 

and three other inverters such as the EB-ASN-qZSI [29], CSC-

EB-ZSI [30], and HG-ZSI [38] in Table I. These comparisons 

are about the boost factor, the number of components, the 

capacitors voltages, and the inductors currents. In Table I, the 

advantages and disadvantages of the HG-SCL-ASBI are shown. 

 
TABLE I 

Comparing The Proposed Inverter With Other Inverters  

Paramete

rs 

Proposed  

 

SCL-

ASBI 

EB/ASN-

qZSI 

CSC-

EB-ZSI 
HG-ZSI 

Switch 5 5 5 5 5 

Diode 7 7 8 7 8 

Inductor 2 2 2 3 2 

Capacitor 3 3 2 4 2 

Voltage 

Gain 

(G) 

ρ

ρ
τθ
“

τὈ
 ρ

ρ τὈ
 

ρ

ρ τὈ ςὈ
 

ρ

ρ τὈ ςὈ
 

ρ

ρ σὈ Ὀ
 

VC1/Vi 

VC2/Vi 

VC3/Vi 

VC4/Vi 

G 

G/2 
G/2 

- 

G 

G/2 
G/2 

- 

G 

(1-2D)G 
- 

- 

DG 

(1-2D)G 
DG 

DG 

G 

DG 
- 

- 

IL1/Ipv 

IL2/Ipv 

IL3/Ipv 

ρ
ᶿ
“ Ὀ

ρ τ
ᶿ
“ τὈ

 

- 

(1-D)G 

(1-D)G 

- 

G 

(1-D)G 
- 

(1-D) G 
ρ Ὀ Ὃ 
ρ Ὀ Ὃ 

(1-D) G 

ρ Ὀ Ὃ 
- 

 

According to Table I, All the structures have the same 

number of switches. Nonetheless, the EB/ASN-qZSI and HG-

ZSI have the lowest number of capacitors and inductors. CSC-

EB-ZSI has the greatest number of inductors, and it has the 

lowest stress of capacitors voltage. HG-SCL-ASBI is the best 

compared to the other inverters in this table in terms of the 

voltage gain in the same duty cycle. Unlike the other four 

inverters, two elements Ὀ  and  θ affect the boosting of the 

HG-SCL-ASBI. Fig. 6 shows the plots of boost factor of the  
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Fig. 6. Boost factors of five topologies. 

 

HG-SCL-ASBI and other topologies in the variation of the 

duty cycle. 

IV.  SIMULATION RESULTS 

To confirm the advantages of the introduced structure, we 

use Matlab/Simulink to simulate it. The simulation parameters 

are depicted in Table II. Fig. 7 shows the simulation result. The 

load voltage, ὠ , and the dc input voltage, ὠ , of the H-

Bridge are illustrated in Fig.7.a and Fig.7.b, respectively.  

According to Fig. 7(d), the voltage of C1 is 338v and, the 

voltages of C2 and C3 are 149v. In Fig.7(e) and Fig. 7(f), the 

voltages and currents of diodes are depicted. Fig. 8 illustrates 

the voltage stresses of S1-S4. As it can be seen, the voltage 

stresses of S1-S4 are equal to ὠ , Which is shown in Fig. 7(a) 

In addition, Fig. 8 shows S1 and S2 are turned off under ZVS 

conditions, and S3 and S4 are turned on under the ZVS. 

 
TABLE II 

Parameters Of HG-SCL-ASBI 

Parameters Values 

input voltage (Vi) 40 V 

inductors (L1= L2) 3 mH 

capacitor (C1) 200 μF 

capacitors (C2 = C3) 260 μF 

Switching frequency (fsw) 5 kHz 

Modulation index (M) 1 

Fundamental frequency (f o) 5 kHz 

 θ ρπЈ 

DST 0.15 

  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Fig. 7. Simulation results of the proposed inverter, (a) VLoad, Vpn (b) VLoad, Vpn (c) iL1, iL2 (d) VC1, VC2, VC3 (e) VD1, VD2, VD3 (f) iD1, iD2, iD3   
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Fig. 8. Switches Pulse and Switches voltage of the, (a) S1, (b) S2, (c) S3, (d) S4. 

 

V.  CONCLUSION 

In this article, a new control algorithm is applied to HG-

SCL-ASBI. This control method is based on PWM and phase-

shift techniques. The SCL- ASBI needs a large duty cycles to 

provide high boost factor. But, in the proposed HG-SCL-ASBI, 

the boost factor is improved. This inverter provides high gain 

with a low duty cycle. The introduced controller improves the 

boost factor and makes the soft-switching condition for the 

switches. The HG-SCL-ASBI with introduced controller has 

the following advantages: high boost factor, soft-switching 

condition, continuous input current, a small number of elements 

in the impedance network, high-frequency switching, flexible 

boost factor, low EMI noises, and shoot through safety. The 

above features are achieved without adding additional 

components. In this article, the theoretical analysis and the 

design guidelines of impedance parameters are discussed. The 

introduced inverter is compared to the similar SCL-ASBI. 

Ultimately, the presented steady-state analysis is validated by 

the simulation result. 
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