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Abstract—In this paper, a one-stage dc-ac inverter with 

high boosting capability has been proposed. The proposed 

inverter topology develops the basic split-source inverter with a 

voltage-lift cell constructed from three capacitors, two 

inductors, and four diodes to increase the boosting capability. A 

relatively high voltage dc-dc boosting factor is achieved with a 

reduced input dc-current ripple with this combination. 

Consequently, this inverter topology can achieve a high voltage 

gain at the ac output terminals. The proposed inverter topology 

and its mode of operations are described in detail in this paper. 

In addition, the mathematical relations based on the steady-state 

analysis that illustrate the working principle and the main 

characteristics of this inverter have been introduced. Moreover, 

a modified space vector modulation (SVPWM) scheme is used 

in this paper to control the inverter switches and to reduce the 

input current ripples. It can be found that the proposed topology 

with the given SVPWM schemes increases the dc-boosting 

capability. The main drawback of this topology is the utilization 

of more passive elements in the dc-side. Three-phase SSI 

simulation models have been constructed and simulated using 

MATLAB/SIMULINK®.  Finally, the simulation results are 

presented to validate the feasibility of this study. 

Keywords— three-phase split-source inverter (SSI); voltage-

lift technique; High gain. 

I. INTRODUCTION 

ECENTLY, the use of renewable energy sources such 
as photovoltaic (PV) cells and fuel cells has attracted a 

lot of attention [1]. However, the generated dc-voltage of these 
sources is relatively low. So, a dc-dc boost converter is needed 
to increase the generated voltage to a sufficient level before 
the dc-ac inverter stage, which supplies the generated power 
to the grid or insolated loads [2]. The primary dc-dc boost 
converters represent the standard solution to augment the 
output voltage of inverters needs a relatively high duty ratio, 
which leads to instability problems and limitations of the 
switching frequency [3]. Low/high-frequency transformers 
may be used in grid-connected photovoltaic (PV) systems [4]. 

 The transformers provide galvanic isolation between solar 
panels and the grid. When the transformer is eliminated to 
increases the power density of the conversion system, a 
leakage current flows through the parasitic capacitances of the 
system. This leakage current causes serious safety concerns 
and other PV systems that degrade grid quality [5]. 
Nevertheless, from the point of view of efficiency, weight, and 
size, transformerless PV systems are often preferred [4], [6], 
and [7].  

The transformerless power converter topologies for 
renewable energy systems may be two-stage or single-stage. 
The two-stage type has a higher cost and lower efficiency. The 
split source inverters (SSIs), with the basic structure clarified 
in Fig. 1, represents one of the recently introduced single-stage 

topologies. It has shown positive attributes due to its 
advantages, such as continuous input current, reduced 
capacitor voltage stress, improved efficiency, low cost, and 
more straightforward design [8].  

Abdelhakim et al. [8] devised the three-phase split-source 
inverter, which has a unique topology. The topology of the SSI 
is derived using incorporating the dc-boost converter into the 
three-phase traditional VSI by connecting the boost inductor 
to the ac output terminals of the inverter legs  a, b, c via diodes 
𝐷𝑎,𝐷𝑏,𝐷𝑐, as clarified in Fig.1. The analysis of split-source 

inverter in continuous conduction mode (CCM) is introduced 
in [9]-[10]. The SSI topology uses a reduced passive element 
count compared with the qZSI topology. Moreover, the SSI 
has a continuous input current, it may be modulated using the 
conventional modulation approach, which uses the same eight 
states as the standard VSI. It also has a constant dc-link 
voltage with a low-frequency component. Modified space 
vector modulation )MSVM) techniques have been proposed 
to improve the performance of the proposed split-source 
inverter [11]-[12]-[13]. The boost converter's role in dc–ac 
power conversion was first investigated in [14], [15], and [18], 
where [14] investigates the idea of combining two boost 
converters to provide a sinusoidal output voltage. The 
extension of the SSI topology to multilevel and nine-switch 
converters is discussed in [16],[17].  

Practically, the boosting capabilities of the SSI are 
affected when considering the nonideal characteristics of the 
conversion system. Therefore, the boosting factor of the real-
time implemented SSI will be decreased. In this paper, a new 
SSI topology is developed to enhance the boosting capability. 
This study combines a voltage-lift approach with the basic 
SSI topology to obtain the required boosting characteristics 
and fill this gap. The proposed inverter can significantly 
increase the input voltage. The voltage-lift cell is used to 
achieve a high gain factor that can fulfill the demands of 
renewable energy applications. Compared to the SSI, the 
proposed topology increases the voltage gain while lowering 
the input current ripple. The rest of this paper is structured as 
follows: Section II, operating principle of proposed voltage-
lift cell is given. The SVPWM for the proposed topology is 
presented in Section III. Input current ripple is introduced in 
section IV. Finally, the simulation results followed by 
conclusions are introduced. 

 

Fig. 1.  Three-phase basic split-source inverter topology. 
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II. THE TOPOLOGIES OF PROPOSED SSI. 

Fig.2 (a) represents the architecture of a power circuit of 
the three-phase voltage-lift technique split-source inverter 
(SSI) [1].  The new topology of (SSI) has two modes of 
operation. The first mode is charging, in which the SSI 
functions similarly to a regular VSI. The discharge mode is 
the other option. The input section, the high gain SSI cell 
section, and the three-phase section are the three primary 
elements of the inverter. 

 The enhanced SSI unit is included in the high gain SSI 
cell section, and there are four diodes 𝐷1,𝐷2,𝐷3,𝐷4, three 

inductors 𝐿1,𝐿2,𝐿3,and three capacitors 𝐶1,𝐶2,𝐶3. The value of 

the two inductors 𝐿2, 𝐿3 is the same. The three-phase section 
mainly includes six switches 𝑆𝑎𝑢,𝑆𝑏𝑢,𝑆𝑐𝑢,𝑆𝑎𝑙,𝑆𝑎𝑙,𝑆𝑎𝑙, and three 

diodes 𝐷𝑎,𝐷𝑏,𝐷𝑐, in comparison to a traditional split-source 

inverter, the novel topology can achieve substantially higher 
voltage conversion. When the voltage conversion is the same, 
the input current ripple is effectively reduced. 

A. Charging Mode. 

In this mode, at least one switch from the lower switches 
(𝑆𝑎𝑙 , 𝑆𝑏𝑙 , 𝑆𝑐𝑙) is connected. As clarified in Fig.2 (b), diodes 𝐷2 
and 𝐷4 are on, meanwhile, diode 𝐷1  and 𝐷3 are off. The dc 
input voltage (𝐸) delivers energy to the inductor 𝐿1, while 
capacitors 𝐶2 and 𝐷3 deliver their stored energy to the inductor 
𝐿2 and 𝐿3, as a result, in the switching charging 
state operation, the inductor currents 𝑖𝐿1, 𝑖𝐿2, and 𝑖𝐿3  rise 

linearly. The next equations, including voltage equations, can 
be generated based on the analysis. 

 

{
 
 

 
 𝐿1

𝑑𝑖𝐿1
𝑑𝑡

= 𝐸

𝐿2
𝑑𝑖𝐿2
𝑑𝑡

= 𝑉𝐶3 + 𝑉𝐶2

𝐿3
𝑑𝑖𝐿3
𝑑𝑡

= 𝑉𝐶2

 (1) 

and current equations.   

 

{
 
 

 
 𝐶1

𝑑𝑣𝐶1
𝑑𝑡

= −𝑖𝐿1

𝐶2
𝑑𝑣𝐶2
𝑑𝑡

= −𝑖𝐿3 − 𝑖𝐿2

𝐶3
𝑑𝑣𝐶3
𝑑𝑡

= −𝑖𝐿2

 (2) 

B. Discharging Mode 

This mode happens when all the upper switches 
(𝑆𝑎𝑢,𝑆𝑏𝑢,𝑆𝑐𝑢)  are closed (ON). As clarified in Fig.2(c), diodes 

𝐷1 and 𝐷3 are ON. Meanwhile, diodes the  𝐷2 and 𝐷4 are off. 
The stored energy is delivered to 𝐶2 by the dc input voltage 
(𝐸) and the inductor 𝐿1, the reserved energy is transferred to 
𝐶3 by the inductor 𝐿3, and the stored energy is delivered to 𝐶2 
by the inductors 𝐿2 and 𝐿3. As a result, the inductor currents 
𝑖𝐿1, 𝑖𝐿2and 𝑖𝐿3 decline linearly in the discharging mode, 
yielding the equations below. 

 

{
 
 

 
 𝐿1

𝑑𝑖𝐿1
𝑑𝑡

= 𝐸 − 𝑉𝐶2

𝐿2
𝑑𝑖𝐿2
𝑑𝑡

= − 𝑉𝐶1 + 𝑉𝐶3

𝐿3
𝑑𝑖𝐿3
𝑑𝑡

= −𝑉𝐶3

 (3) 

and current equations.   

 

{
 
 

 
 𝐶1

𝑑𝑣𝐶1
𝑑𝑡

= 𝑖𝐿2

𝐶2
𝑑𝑣𝐶2
𝑑𝑡

= −𝑖𝐿1

𝐶3
𝑑𝑣𝐶3
𝑑𝑡

= 𝑖𝐿3 − 𝑖𝐿2

 (4) 

The voltage gain 𝑀 may be determined from the volt-
second balance [15] of the inductor 𝐿1, 𝐿2, and 𝐿3 as shown in 
Fig.2 (b) and (c), and it is given by 

 

 {

(𝐸)𝐷 + (𝐸 − 𝑉𝐶2)(1 − 𝐷) = 0

(𝑉𝐶3 + 𝑉𝐶2)𝐷 + (−𝑉𝐶1 + 𝑉𝐶3)(1 − 𝐷) = 0

(𝑉𝐶2)𝐷 − (𝑉𝐶3)(1 − 𝐷) = 0

 (5) 
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(a)Proposed high gain SSI inverter 
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(b)Proposed high gain SSI inverter with 

charging mode  operation

(c)Proposed high gain SSI inverter with 

discharging mode operation  

Fig. 2. Proposed high gain SSI inverter with two modes operation. 
 



 

 

The capacitor voltage of 𝑉𝐶1, 𝑉𝐶2,and 𝑉𝐶3 can be derived 
from (8) to(10) and can be shown as follow. 

 

{
 
 

 
 𝑉𝐶1 =

2𝐷4 − 𝐷3 − 3𝐷2 − 2𝐷 − 1

𝐷2 − 2𝐷 + 1
∗ 𝐸

𝑉𝐶2 =
(1 + 2𝐷)

𝐷 − 1
∗ 𝐸

𝑉𝐶3 =
(1 + 2𝐷)𝐷

−𝐷2 + 2𝐷 − 1
∗ 𝐸

 (6) 

III. MODULATION TECHNIQUE FOR THE PROPOSED  SSI 

As previously stated [8], Fig. 3 classifies the available 
modulation techniques for the three-phase voltage-lift 
technique split-source inverter (SSI) according to their 
method of achieving the charging and discharging modes.  

This PWM technique applies space vector modulation. 
This technique generates a reference voltage when the current 
is controlled in a rotating reference frame. It is shown in the 
previous section that a three-phase SSI generates eight states, 
including six active states and two zero states. 

These vectors shape a hexagon (Fig. 4)  which can be 
viewed as having six sectors  60° each. The three-phase 
sinusoidal voltage reference vector is created using SVPWM 
by switching between two aftermost active and zero 
vectors[13]-[14].   

IV. INPUT CURRENT RIPPLE 

    This section introduces the presented SSI characteristic 
from the point of input ripple current. Consider the case where 
the input current is equivalent to  the current 𝑖𝐿1. This section 
corresponds to the inductor current ripple Δ𝑖𝐿1. In Switching 
Status-1, the inductor voltage 𝑉𝐿1 is represented as follows 
according to (1). 

 𝑉𝐿1 = 𝐸 (7) 

When all the upper switches (𝑆𝑎𝑢,𝑆𝑏𝑢,𝑆𝑐𝑢)  are closed, the 

inductor voltage 𝑉𝐿1 equals E. As a result, according to the 
inductor  storage principle, the ripple of input current can be 
calculated as follows: 

 Δ 𝑖𝐿1 =
D ∗ 𝑇𝑠 (𝐸)

𝐿1
=
D (1 − D) ∗ 𝑇𝑠  (𝐸)

(𝐷2 − 2𝐷 + 1)𝐿1
 (8) 
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Fig. 3. PWM technique for the three-phase voltage-lift technique split-
source inverter (SSI). 
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Fig. 4. Switching vectors of the three-phase voltage-lift technique split-

source inverter(SSI). 

 

V. SIMULATION RESULTS 

To emphasize the voltage-lift technique split-source 

inverter (SSI) analysis of the analyzed PWM techniques, 

three-phase SSI simulation models have been conducted with 

the following parameters: Impedance network of capacitance, 

the inductive load of 10Ω and 50mH, the dc-voltage of 50V 

and a carrier frequency of 10 kHz.  

To further analyze the three topologies, they were 

simulated via MATLAB/SIMULINK®; the parameters used 

are listed in Table 1. 

Fig 5 shows the simulation block diagram of the proposed 

split-source inverter. Fig 6 shows the phase, line voltages, 

output currents, and modified space vector modulation 

waveforms. This review considers the modified space vector 

(MSVM) modulation system described in [8], whose reference 

vectors are illustrated in Fig. 6. (d).  

Fig. 7. clarified simulation results, and it shows the voltage 

and current on each element of the proposed split-source 

inverter using MSVM strategy, where (a) voltage across the 

inductor (𝐿1), (b) current across the inductor(𝐿1), (c) voltage 

across the inductor (𝐿2), (d) current across the inductor (𝐿2), 

(e) voltage across the inductor (𝐿3),(f) current across the 

inductor(𝐿3)  ,(g) voltage across the capacitor (𝐶1),(h) current 

across the capacitor (𝐶1), (i) voltage across the capacitor 

(𝐶2),(j) current across the capacitor (𝐶2),( (k) voltage across 

the capacitor (𝐶3),(L) current across the capacitor (𝐶3), (m) 

voltage across the diode (𝐷1),(n) current across the diode (𝐷1), 

(o) voltage across the diode (𝐷2),(p) voltage across the diode 

(𝐷3),(q) voltage across the diode (𝐷4),(r) current across the 

diode (𝐷2),(s) current across the diode (𝐷3),and(t) current 

across the diode (𝐷4) waveforms. 

Fig. 8. Shown the total harmonic distortion analysis of  

SVPWM controlled inverter at phase voltage. SVPWM 

produces a 15% higher fundamental output with improved 

quality, according to the simulation study. 
 

 
 



 

 

 

 

Fig. 5. Simulation block diagram of the proposed high gain SSI inverter. 

 

(a) (b)

(c) (d)
 

Fig. 6. Simulation results of the proposed split-source inverter using MSVM strategy, where (a) inverter phase voltage, (b) output line currents, (c) inverter 

line voltage, and (d) Waveforms of the three-phase reference vectors. 



 

 

 

Fig. 7. Simulation results of the proposed split-source inverter using MSVM strategy, where (a) the inductor voltage (𝐿1),(b) the inductor current (𝐿1), (c) 

the inductor voltage (𝐿2),(d) the inductor current (𝐿2), (e) the inductor voltage (𝐿3),(f) the inductor current (𝐿3)  ,(g) the capacitor voltage (𝐶1),(h) the 

capacitor current (𝐶1),( (i) the capacitor voltage (𝐶2),(j) the capacitor current (𝐶2),( (k) the capacitor voltage (𝐶3),(L) the capacitor current (𝐶3), (m) the 

diode voltage (𝐷1),(n) the diode current (𝐷1), (o) the diode voltage (𝐷2),(p) the diode voltage (𝐷3),(q) the diode voltage (𝐷4),(r) the diode current (𝐷2),(s) 

the diode current (𝐷3),and(t) the diode current (𝐷4) waveforms. 
 



 

 

TABLE 1 
PARAMETERS USED FOR THE SIMULATION OF THE 

ANALYZED TOPOLOGIES 

Parameter voltage-lift technique split-source inverter 

𝑀 0.5 

Frequency 𝐹𝐼 10000 𝐻𝑍  

Frequency 𝐹𝑂 50 𝐻𝑍  

Inductance and 

capacitance 

𝐶1, 𝐶2, 𝐶3 = 470𝜇F 

𝐿1, 𝐿2, 𝐿3 = 3.5 mH 

dc voltage 50 V 

Boosting factor 8 

 

 

Fig. 8. THD analysis of  SVPWM controlled inverter at phase voltage. 

VI. CONCLUSION 

This paper develops the basic three-phase split-source 
inverter topology to increase its boosting capability and 
enhance the switching characteristic, especially in the input 
current.   A voltage-lift unit approach is used in the dc-side of 
the basic SSI to obtain higher boosting gains. The proposed 
topology with its operating principles is introduced. In 
addition, a modified space vector PWM (MSVPWM) scheme 
is used to enhance the switching characteristics and the 
performance of the proposed SSI-based topology. This 
modulation scheme reduces the low-frequency component in 
the input inductor current and obtains sinusoidal output 
currents. The simulation results based on a 
MATLAB/Simulink model validated the feasibility of the 
presented topology and verified the theory. It can be found that 
the proposed topology increases the dc-boosting factor and ac-
voltage gain compared with the basic SSI topology. Thus, the 
proposed topology is recommended in the applications of 
renewable energy systems, especially those that have low 
generated dc voltages. 
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