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ABSTRACT 

This paper presents the design, analysis, and verification of a Split-Source Inverter (SSI) topology aimed at 

achieving efficient high-boost DC-AC power conversion with minimized power losses. The proposed design 

integrates an advanced control strategy utilizing Space Vector Modulation (SVM) to ensure clean 

sinusoidal output with minimal harmonic distortion. The study offers an in-depth examination of the SSI's 

operating principles, power loss mechanisms, and the distribution of losses across power switches, 

alongside optimization techniques to improve overall performance. Simulation results under diverse 

operating conditions validate the SSI's capability to deliver stable and efficient operation. Additionally, 

experimental implementation using a prototype validated the theoretical and simulation results, 

demonstrating the inverter's reliable operation and effective thermal management. Key findings 

underscore the significant advantages of the proposed SSI topology, including its compact design and 

superior performance compared to the quasi-Z-Source Inverter (q-ZSI). Specifically, the SSI reduces 

switching losses from 22% to 20% and decreases conduction losses from 42% to 38%, demonstrating 

enhanced efficiency, energy management, and applicability to diverse fields such as renewable energy 

systems and industrial drives. 
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I. INTRODUCTION  

Three-phase inverters are essential in various applications, 
including solar and wind energy systems, electrified vehicles, 
and industrial power systems. The most interesting topology 
among all inverter topologies is the Split-Source Inverter (SSI) 
because it can deliver the highest voltage conversion ratios 
with fewer components than those being used in a traditional 
transformer or multiple conversion stages. This method makes 
the SSI topology suitable for application areas where size, 
efficiency, and costs are critical factors [1]. Conventional 
inverter topologies, such as the Voltage Source Inverter (VSI) 
and the Current Source Inverter (CSI), face problems to 
amplify the low voltage DC to the needed level of AC voltage. 
The VSI for instance needs a big DC link capacitor for voltage 
buffering and in high boost applications, requires extra stages 
that cause additional complexity, size, and costs. The CSI, 
though designed to handle higher currents, is less efficient due 
to the losses associated with the inductive elements involved 
[2, 3].To address these challenges, the SSI topology was 
introduced, combining the benefits of both VSI and CSI in a 
simplified design with fewer passive components. Its unique 
split-source configuration enables single-stage DC-AC 
conversion with inherent voltage-boosting capability, making it 
particularly well-suited for low-voltage renewable energy 
applications. However, as demand grows for higher voltage 
gains in systems such as photovoltaic (PV) installations and 
Electric Vehicle (EV) chargers, advancements in SSI 
technology have become essential. This need for improved 
performance has driven the development of high-boost three-
phase SSI, which enhances the standard SSI by delivering 
substantially higher voltage gains. 

However, some potential knowledge gaps need to be 
overcome in order to take benefit of the high-boost SSI 
technology. Power losses control is one of the key issues, since 
it is especially relevant to the power switches. Because of high 
boost operation, power switches are exposed to higher voltages, 
increasing the on-state and switching current losses. These 
losses not only reduce the inverter efficiency but also lead to 
overheating of the components [6]. The second difficulty 
relates to the essential control strategy of the power electronic 
converter, which has to provide a stable operation at a very low 
input voltage. The growing complexity of the control algorithm 
required, in order to handle higher boosting and to effectively 
convert power, degrades the system losses and dynamic 
performance [7].  

In the case of HB DC-AC conversion, some of the most 
effective solutions to overcome withering are listed below. 
Multi-stage inverters and cascaded H-bridge inverters have 
been used in order to increase the output voltage gain. These 
solutions have their drawback in the shape of extra size, cost 
and complexity or accomplishment. Cascaded H-bridge 
inverters, however, have relatively high voltage gain, but their 
efficiency is rather low because of the greater density of power 
switches and regulation circuits [8]. Other techniques have 
been attempted including the application of high frequency 
transformers or resonant converters to attain steep voltage 

multiplication. However, these methods cause extra losses and 
system complexity, especially in the transformer design and 
control or the resonant components. Also, high-frequency 
transformers have a tendency to produce high electromagnetic 
interference, which may not be easy to reduce especially when 
they are made small [9, 10]. In SSIs, the power switches 
experience higher voltage and current stresses due to the 
elevated boost ratios. This increases the conduction and 
switching losses, making it crucial to carefully select and 
design the power switches to minimize these losses. The loss 
distribution among the power switches is also of particular 
importance, as uneven loss distribution can lead to thermal 
hotspots, which can degrade the performance and reliability of 
the inverter [11]. 

This research paper presents a significant advancement in 
high-boost DC-AC power conversion through the development 
of a high-boost SSI featuring a simplified topology that 
eliminates the need for an external DC-DC converter [12]. This 
reduces overall system size and cost while maintaining high 
efficiency and robust performance. Unlike conventional 
designs, the high-boost -SSI employs a modified SVM control 
strategy to minimize converter losses and further enhance 
efficiency [13, 14]. The study provides a comprehensive power 
loss analysis and introduces advanced reduction strategies, 
including next-generation semiconductor materials, optimized 
control algorithms, and soft-switching techniques. 
Experimental validation using a prototype confirms the 
practicality of the proposed design, demonstrating its reliability 
and superior performance [15]. These findings underscore the 
high-boost SSI's potential for widespread application in 
renewable energy systems and industrial drives. 

II. ANALYSIS OF SPLIT-SOURCE INVERTER 

TOPOLOGIES 

Three-phase SSI has gained popularity in efficient DC-AC 
conversion, particularly in renewable energy systems, by 
connecting DC sources to boost voltage and improve output 
quality (Figure 1). While the SSI achieves superior voltage gain 
and reduced component count, the quasi-Z-Source Inverter (q-
ZSI) remains a strong alternative with notable advantages. The 
q-ZSI enhances the conventional ZSI by adopting a modified 
impedance network that improves voltage gain, reduces voltage 
stress on switches, and maintains a continuous input current 
profile making it ideal for PV and fuel cell applications. 
Additionally, The VSI, although widely used in power 
conversion systems due to its simple control and minimal 
component count, requires an additional DC-DC boost stage to 
achieve high voltage gain, increasing system complexity and 
losses. However, despite these advantages, the q-ZSI typically 
requires more control tuning and achieves lower voltage gains 
than the SSI in high-boost applications. Table I compares the 
VSI, q-ZSI, and SSI, emphasizing their differences in 
component counts, shoot-through states, and DC voltage gain 
equations to highlight their design trade-offs and performance 
characteristics. 

 



Engineering, Technology & Applied Science Research Vol. 15, No. 3, 2025, 22983-22989 22985  
 

www.etasr.com Ibrahim et al.: Power Efficiency Enhancement in High-Boost Three-Phase Split Source Inverters 

 

 

S  au  S  bu  

S
 
al  S

 
bl  

S  cu  

S
 
cl  

a

b
c

E
 

L

Da

Db

Dc

C

+

-

v  dc  

swv

iL

 

Fig. 1.  The SSI. 

TABLE I.  COMPARISON OF TOPOLOGICAL DETAILS FOR 
ZSI, Q-ZSI, AND SSI STRUCTURES 

Item description VSI [13] q-ZSI [19] SSI 

Number of stages 2 1 1 

Number of input diodes 1 1 3 

Number of input capacitors 1 2 1 

Number of input inductors 1 2 1 

Shoot-through states Not Required Required Not required 

Number of input switches 1 0 0 

DC voltage gain 
1

1 − �
 

1
1 − 2�

 
1

1 − �
 

Efficiency (%) 89% 93% 96% 
 

A. Modified SVPWMTechnique for SSI 

The modified SVM method effectively eliminates the low-
frequency component present in both the inductor current and 
the inverter voltage. This is accomplished by maintaining a 
fixed duty cycle, calculated as the ratio of the active-state 
equivalent times �� and �� to the total switching time (��). The 
zero-state equivalent time (�	 ) can be redistributed without 
altering the active-state times, as illustrated in the switching 
pattern of the SVPWM scheme shown in Figure 2. The process 
relies on reallocating �	 while preserving the active-state 
durations. Equation (1) defines the minimum zero-state 
equivalent time (�	
), which corresponds to the inductor (L) 
discharge time �� [2]. 

�� = �	
 = ��{1 − 2� sin  ( �/6)}  (1) 

 

va

1

-1

vb

vc

00

1 00

0 0

Sau

Sbu

Scu
1

1

Vtri

L1,2and 3 

charging

L1,2and 3 

discharging

L1,2and 3 

charging

 

Fig. 2.  Three-phase Space Vector Modulation (3Φ-SVM). 

By setting ��  equal to �	
 , the same biasing approach 
discussed above is applied. This adjustment ensures that the 
reference signals remain constant at the lower virtual envelope, 
with the duty cycle D fixed at M. Based on this configuration, 

the normalized peak phase voltages of the inverter and the 
fundamental output can be determined through appropriate 
calculations [17]. 

B. Power Loss Model of a Split-Source Inverter (SSI) 

The converter's primary power losses stem from its 
switching components, mainly due to the switching and 
conduction processes. At lower switching frequencies, 
conduction losses dominate, whereas switching losses become 
more significant at higher frequencies. In the case of an IGBT 
paired with a reverse diode, both components experience 
conduction losses, attributed to their on-state resistance and 
reverse voltage. While these parameters may exhibit slight 
variations with temperature, they are typically considered 
constant for simplification in analysis. The reverse voltages of 
the transistor and diode are denoted as ��� , and ��� , 
respectively, while their internal resistances are represented as 
��� and ���.The average conduction losses of the transistor and 
diode, denoted by � !  � , and � !  �, can be expressed as [18]: 

� !  � = "

�
#  

�
%   &��� + ��� ⋅ )*(+), ⋅ )(+) ⋅ -+  

� !  � = "

�
#  �

%  &��� + ��� ⋅ )*(+), ⋅ )(+) ⋅ -+
 (2) 

where T represents the fundamental cycle, β is the constant 
associated with the transistor, and i(t) refers to the current 
passing through the transistor or the diode. The total 
conduction losses are expressed as: 

� 
tot 

= � !  � + �CL  
�    (3) 

Switching losses represent the power dissipated by each 
switch and diode during their ON and OFF states. The energy 
loss for a single switch can be formulated as: 

.ON = "

�
#  

/0
%  1(+) ⋅ )(+) ⋅ -+ = "

2
⋅ �� ⋅ 3 ⋅ +4

.OFF = "

�
#  

/5
%  1(+) ⋅ )(+) ⋅ -+ = "

2
⋅ �� ⋅ 3 ⋅ +6

  (4) 

where .78 and .799  represent the energy dissipated during the 

turn-on and turn-off periods, respectively, while +4  and +6 

correspond to the durations of the ON and OFF states. 
�� denotes the voltage across the switch before or after the 
transition periods. The total switching losses can be expressed 
as: 

�:; � = ∑  8=>
?@A‾ (.78 + .799)    (5) 

where CD7  is the total number of IGBTs in the inverter, and 

Eth refers to the switch number. Switching losses in diodes are 
neglected, as they are considered to operate with soft-switching 
[16]. The average total losses of the inverter are given by: 

�L-tot = �Ctot + �Sw  
�    (6) 

III. RESULTS AND DISCUSSION 

A. Simulation Results 

To perform a more detailed analysis of the topology, 
MATLAB-SIMULINK® was utilized, applying the parameters 
outlined in Table II to enable a comprehensive evaluation. The 
studied topologies of the three-phase inverters were designed to 
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supply power to a three-phase inductive load, characterized by 
a 10 Ω resistor connected in series with a 5 mH inductor. The 
system was powered by a low-voltage DC source, with an input 
voltage of 100 V, which could represent a PV panel under 
simulation conditions. To ensure precise switching control, a 
leading-edge saw tooth carrier waveform with a frequency of 
10 kHz was employed. For the SSI configuration, the DC-link 
circuit was designed with an inductance of 3-mH and a 
capacitance of 470 µF, optimizing the system for effective 
energy conversion and stability. The simulation results, 
presented in Figure 3, provide a comprehensive analysis of the 
inverter's performance. These results include waveforms for 
inverter phase and line voltages, output line currents, inductor 
current, capacitor voltage, and DC-link voltage. The simulation 
also evaluates the power loss distribution across the topology, 
offering valuable insights into the efficiency and operational 
dynamics of the SSI. 

TABLE II.  ELEMENTS USED TO SIMULATE THE 
ANALYZED TOPOLOGY 

Element SSI 

� 0.6 

F� 10000 Hz 

F7 50 Hz 

Capacitances and 

inductance 

G", GI = 470 μF 

N" � 3 mH 

DC voltage 100 V 

TABLE III.  POWER LOSS DISTRIBUTION COMPARISON  

Quantity q-ZSI [13] SSI 

Switching losses 

�:; � � P  
8=>

?Q‾
�.78 ' .799� 

22% 20% 

Conduction losses 

� tot 
� � !  � ' �CL  � 

42% 38% 

 

The switching and conduction losses of the single-stage SSI 
have been thoroughly evaluated. Figure 3(f) illustrates the total 
loss variation with respect to load power using a leading-edge 
sawtooth carrier, with input voltage set to 1R4 � 100 V . 
Additionally, Figure 3(f) illustrates the distribution of power 
losses across various switches at full load, revealing that the 
input diodes account for nearly half the total losses. Replacing 
these diodes with MOSFETs, as suggested in [19, 20], could 
greatly enhance the system efficiency. The variation in total 
losses relative to load power for the SSI is also shown in Figure 
3(f), along with Table III, which compares the power loss 
distribution between the q-ZSI and SSI. Notably, if the shoot-
through state occurs only once per cycle, the required 
inductance would increase significantly. Moreover, the q-ZSI 
diode experiences higher losses due to the increased current 
stress it must withstand. 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

 

Fig. 3.  Simulation results of the SSI using the proposed SVM strategy:  

(a) Inverter phase voltage, (b) output line voltage, (c) inverter line currents, (d) 

inductor current, (e) capacitor voltage waveforms, and (f) power loss 

distribution of the SSI. 
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B. Experimental Validation 

To validate the performance of the analyzed topology, a 
prototype of the SSI was designed and implemented. The 
parameters used in the prototype are outlined in Table IV, 
while the experimental setup is illustrated in Figure 4. The SSI 
prototype was built using the Texas Instruments LaunchPad 
LAUNCHXL-F28379D DSP board, which facilitated the 
generation of gating pulses for modified SVM and incorporated 
a dead-time setting of 1.5 µs. For this implementation, the 
inductor and capacitor values were chosen as 2.5 mH and 150 
µF, respectively. This experimental configuration provides a 
robust platform for in-depth testing and analysis of the SSI's 
performance. It enables a detailed examination of its 
operational characteristics, such as efficiency, output waveform 
quality, and dynamic response. Furthermore, the insights 
gained from this setup highlight the potential of the SSI for 
practical applications in advanced power conversion systems. 

TABLE IV.  EXPERIMENTAL PARAMETERS FOR THE SSI 

Parameter Value Parameter Value 

Switching frequency 10 kHz DSP TI-F28379D 

Dead time 1.5 µs M 0.6 

Inductor 2.5 mH Load 10 Ω and 5 mH 

Capacitor 150 µF/400 V   
 

 
Fig. 4.  Photographs of the experimental setup: (1) six IGBTs module, (2) 

three diodes module, (3) inductor, (4) F28379D Launchpad Kit Card™, (5) 

laptop, (6) digital multimeter, (7) oscilloscope ,(8) DC supply, and (9) RL-

loads. 

Figure 5 shows the experimental results obtained from the 
three-phase SSI operating under the proposed modified SVM 
strategy. The comprehensive analysis of the waveforms and 
measurements provides valuable insights into the performance 
of the system. Figure 5(a) displays the steady-state DC input 
current alongside the output line currents ( 3� ,  3� , 3T ). The 
sinusoidal nature of the output line currents highlights the 
effectiveness of the modified SVM strategy in ensuring high-
quality AC output with minimal distortion. 
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Fig. 5.  Obtained experimental results of the three-phase SSI using the 

proposed SVM strategy, where (a) DC current and output line currents, (b) 

voltage and current across the input inductor, (c) line voltage and output line 

current 3�  waveforms, and (d) temperature measured on six IGBT modules 

and three diodes modules. 
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The balanced amplitudes and phase alignment of the 
currents further validate the reliability of the inverter in 
handling three-phase loads. Figure 5(b) shows the voltage and 
current waveforms across the input inductor, providing insights 
into the energy transfer process within the inverter. The results 
reveal smooth transitions and stable operation, indicating that 
the design of the input inductor effectively manages the ripple 
and maintains energy balance. In Figure 5(c), the line voltage 
and the corresponding output line current (3� ) are depicted, 
demonstrating a strong correlation between the generated 
voltage and current. The sinusoidal nature of the waveforms, 
with negligible harmonics, highlights the efficiency of the 
modulation strategy in producing clean output power suitable 
for sensitive applications. Figure 5(d) presents the temperature 
measurements of the six IGBTs module and the three diodes 
module during operation. The results show that the thermal 
management system maintains module temperatures within 
safe operating limits, ensuring system reliability and longevity. 
The observed temperature uniformity among the modules 
indicates balanced power distribution and effective cooling 
mechanisms. The experimental results confirm the robust 
performance of the proposed SVM strategy in driving the 
three-phase SSI. 

IV. CONCLUSIONS  

This paper investigates the design, implementation, and 
performance assessment of a three-phase Split-Source Inverter 
(SSI) utilizing a proposed modified Space Vector Modulation 
(SVM) strategy. Through a detailed study involving theoretical 
analysis, simulation, and experimental validation, the research 
emphasizes the notable benefits and practical applications of 
the SSI topology. Experimental findings demonstrate that the 
SSI, when integrated with the modified SVM strategy, achieves 
high-quality sinusoidal output currents and voltages with 
minimal distortion. Furthermore, the SSI shows improved 
efficiency compared to the quasi-Z-Source Inverter (q-ZSI), 
reducing switching losses from 22% to 20% and conduction 
losses from 42% to 38%. The balanced operation and precise 
control of output waveforms validate the inverter effectiveness 
in managing three-phase loads. Additionally, the stable 
behavior of the input inductor and DC link underscores the 
system' robustness in maintaining energy balance and ripple 
control. 
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