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Abstract— This project present advanced configuration for 

Symmetric multilevel voltage source inverter is p roposed. 

The Authority of the proposed inverter versus the 

conventional Cascaded H-bridge inverter and the most 

recently introduced ones, is verified with provided 

comparisons. The proposed Inverter is able to generate the 

desired voltage levels using a Lower number of circuit 

devices including power semi-conductor Switches and 

related gate driver circuits of switches. This modular structure 

uses reduced number of devices, including its power 

semiconductor switches and gate driver circuits of switches. 

As a result, the total cost is considerably reduced and the 

control scheme gets Simpler. Moreover, reduced amount of 

on-state switches in the Suggested configuration decreases 

voltage drops even, the suggested multilevel Inverter has the 

lowest amount of power losses. Finally simulation and 

experimental results are compared with each other and the 

provided comparison shows that the obtained results are in 

good Agreements. 
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I. INTRODUCTION 

Recently the information technology(IT)devices such as 

computer, server ,telecom have rapidly grown importance of 

the power supply unit has been increased .In general PSUs 

has need the two requirements such as,1)High efficiency for 

environmental conservation and energy saving 2) High power 

quality to meet the harmonics regulations. 

 A multilevel Voltage Source Inverter (MVSI) is a 

practical power electronic configuration that has been 

attracted great deal of ever increasing interests. Multilevel 

inverters are emerging as a viable alternative for most of 

applications because of their output higher power quality, 

lower THD (Total Harmonic Distortion), higher amplitude of 

fundamental component, higher efficiency, lower switching 

losses, lower dv/dt and etc. These advantages are the reasons 

for transition from conventional two-level inverter to 

multilevel structures. The mentioned sufficiency’s of MVSIs 

are the consequence of the staircase waveform of the output 

voltage. As a matter of fact, multilevel inverter aims to 

generate the stepwise output voltage waveform by 

synthesizing DC power supplies connected to its input 

terminals. Due to an increase in the number of DC links in 

input side, the number of output levels increases and the 

mentioned merits will be meliorated. Considering the inverter 

circuit topologies, the DC sources can be interconnected or 

isolated. 

 
Fig. 1: Block Diagram for Half Bridge Converter 

 Multilevel inverters have found successful 

application in industries, like Flexible AC Transmission 

Systems and renewable energy resources. Since multilevel 

inverters have been introduced, different switching methods 

like various PWM (pulse width modulation) schemes and 

space-vector PWM techniques are suggested are put into 

practice in order to enhance the quality of output voltage 

waveform.  Multilevel inverters have been under research and 

development for more than three decades and have found 

successful industrial applications. However, this is still a 

technology under development, and many new contributions 

and new commercial topologies have been reported in the last 

few years. The aim of this dissertation is to group and review 

recent contributions, in order to establish the current state of 

the art and trends of the technology to provide readers with a 

comprehensive and insightful review of where multilevel 

converter technology stands and is heading. This chapter first 

presents a brief overview of well-established multilevel 

inverters strongly oriented to their current state in industrial 

applications and then centers the discussion on the new 

multilevel inverters that have made their way into the 

industry. Multilevel inverters have been attracting increasing 

interest recently the main reasons are; increased power 

ratings, improved harmonic performance, and reduced 

electromagnetic interference (EMI) emission that can be 

archived with multiple dc levels that are synthesis of the 

output voltage waveform. In particular multilevel inverters 

have abundant demand in applications such as medium 

voltage industrial drives, electric vehicles, and grid connected 

photovoltaic systems. 

 The present work provides a solution to design an 

efficient multilevel topology which is suited for medium and 

high power applications. In the subsequent sections the 

research background is discussed in detailed. Motivation and 

objectives are clearly outlined. 

A. Medium & High Power Inverters 

There are different power converter topologies and control 

strategies used in inverter designs. Different design 

approaches address various issues that may be more or less 

important depending on the way that the converter is intended 

to be used. The issue of waveform quality is one the important 
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concern and it can be addressed in many ways. In practice 

capacitors and inductors can be used to filter the waveform. 

If the design includes a transformer, filtering can be applied 

to the primary or the secondary side of the transformer or to 

both sides. Low-pass filters are applied to allow the 

fundamental component of the waveform to pass to the output 

while limiting the passage of the harmonic components. 

 Thus quality of waveform can be adjusted. Note 

that, normal inverters always generate very low quality output 

waveforms. To make the output waveform qualitative, low 

pass (LC filter) are often added in the circuit. Thus, at this 

point of time readers might have a question that, why the 

quality of converter output is low? And why Low pass filter 

are frequently added in the circuit. Further, what kinds of 

solutions are available to increase quality of output waveform 

without losing its efficiency? All this are open problems 

associated with present day inverters. 

B. Challenging Aspects in Medium and High Power 

Inverters 

The current energy arena is changing. The feeling of 

dependence on fossil fuels and the progressive increase of its 

cost is leading to the investment of huge amounts of 

resources, economical and human, to develop new cheaper 

and cleaner energy resources not related to fossil fuels. In 

fact, for decades, renewable energy resources have been the 

focus for researchers, and different families of power 

inverters have been designed to make the integration of these 

types of systems into the distribution grid a current reality. 

 The transmission lines, high-power electronic 

systems are needed to assure the power distribution and the 

energy quality. Therefore, power electronic inverters have the 

responsibility to carry out these tasks with high efficiency. 

The increase of the world energy demand has entailed the 

appearance of new power converter topologies and new 

semiconductor technology capable to drive all needed power. 

A continuous race to develop higher-voltage and higher-

current power semiconductors to drive high-power systems 

still goes on. However, at present there is tough competition 

between the use of classic power converter topologies using 

high-voltage semiconductors and new converter topologies 

using medium-voltage devices. Power inverters are an 

amazing technology for industrial practice powered by 

electric drive systems. They are potentially helpful for a wide 

range of applications: transport (train traction, ship 

propulsion, and automotive applications), energy conversion, 

manufacturing, mining, and petrochemical, to name a few. 

Many of these processes have been continuously raising their 

demand of power to reach, high production rates, cost 

reduction (large-scale economy), and efficiency. 

 The power electronics research community and 

industry have reacted to this demand in two different ways: 

developing semiconductor technology to reach higher 

nominal voltages and currents (currently 8 kV and 6 kA) 

while maintaining traditional converter topologies (mainly 

two-level voltage and current source inverters); and by 

developing new converter topologies, with traditional 

semiconductor technology, known as multilevel inverters. 

The first approach inherited the benefit of well-known circuit 

structures and control methods. Adding to that, the newer 

semi-conductors are more expensive, and by going higher in 

power, other power-quality requirements have to be fulfilled, 

thereby there may be need of additional power filters. 

Therefore it will be quite feasible to chooseo build a new 

converter topology based on multilevel concept. This is the 

challenging issue right now. 

 The fundamental MVSIs are diode clamped (DCM), 

flaying capacitor (FCM) and cascaded (CHB) multilevel 

inverters. Despite all the mentioned merits, MVSIs have 

some disadvantages over the conventional two-level 

structure. In multilevel topologies an increase in the number 

of levels consequences an increase in circuit intricacy, which 

reduces the efficiency and reliability. The diode-clamped 

inverters face with some challenges. As the number of output 

levels become more and more, the difficulty to retain the 

voltages of DC capacitors balanced increases as well. This 

voltage imbalance can be the result of many factors such as 

load power factor, operation conditions and the control 

technique used. 

II. CONCEPT OF PROPOSED SYSTEM 

The proposed system improves the reduction on gate drive 

circuits, power losses, costs and installation area. But, this 

topology encountered with higher Peak Inverse Value (PIV) 

compared to CHB. Due to the mentioned valuable benefits, a 

bit increase in total PIV can be neglected, and this increase 

cannot detract from its values. The topology presented is the 

reconfiguration of called semi cascaded inverter. Semi-

cascaded inverter is well known because of its lower number 

of semiconductor switches. The PIV of this inverter is 

reduced, compared to that of With reduction of two switches 

of a new semi-cascaded inverter is obtained as reported in . 

This inverter can be employed only as a symmetric MVSI. 

Recently, a novel MVSI has been suggested, that is reduced 

the power components. This inverter has lower amount of 

power losses compared to CHB and its total PIV is the same 

as the CHB inverter. 

 Recently, the reconfiguration of the semi cascaded 

inverter has been proposed which has reduced the total PIV 

and power losses compared to both proposed. Due to our 

knowledge, a recently proposed inverter named cross 

switched MVSI is a good alternative for symmetric inverters. 

 The proposed topology is composed by n-isolated 

DC voltage sources. Rectifiers connected to isolated 

transformers fed from AC voltage can produce different DC 

voltage sources. It is notable that the proposed MVSI is 

symmetric, so the required DC voltage links must be equal in 

value. 

 The quality of the output voltage may be 

deteriorated due to the inequality of DC voltage sources and 

as a result of inequality of voltage levels. In this regards, 

undesired harmonics can be generated in the output voltage. 

In whatever way, the notable point is that producing balanced 

DC voltage sources is the same problem among all symmetric 

inverters. In some cases, supplementary circuits, to provide 

equal DC voltages, are required for symmetric inverters. For 

instance, if he PV panels are employed as DC voltage 

sources, they have already equipped with DC/DC converters 

for voltage level adjustmen. The DC voltage sources can be 

produced by using transformers and rectifiers. Nevertheless, 

the undesired changes in the DC voltage sources can be 
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compensated by complementary modulation strategies. The 

implementation of these methods needs the manipulation of 

the inverters hardware by additional devices and circuits, and 

makes the control scheme more intricate. As the aim of this 

study is to propose a new topology for multilevel inverters, 

the modulation method to compensate variations of the DC 

voltages, is not taken into consideration .Three DC voltage 

sources and four unidirectional switches are the elements of 

the basic cell. Each unidirectional switch consists of an IGBT 

and an anti-parallel fast recovery diode. 

 
Fig. 2: Block Diagram 

 

 
Fig. 3 a): Boost PFC converter with boost diode, b) boost 

PFC converter with synchronous and HB converter, c) PFC 

stage 

III. DESIGN CONSIDERATIONS 

To illustrate the design procedure of the proposed Multi level 

converter, the boost PFC, HB LLC and HBF converters 

should be considered. Moreover, they are compared with the 

conventional PSU. The design specifications are 180-

264Vrms AC line and 480W/48Voutput. 

 

A. Boost PFC Converter 

The design procedure of the conventional boost PFC 

converter is well described in, which can be also applied to 

the proposed PFC stage. Table shows the design parameters 

of the conventional and proposed boost PFC converters. The 

boost PFC converters employ silicon carbide devices to solve 

the reverse recovery problems. The input filter capacitor Cin 

is selected as 1μF to reduce the EMI noise. The boost inductor 

LB is designed to be about 1mH using the amorphous EI3633 

core for 30% inductor current ripple. Meanwhile, the 

proposed one has the additional boost leakage inductor LB-

lkg, which is measured as 6μH in the experiment due to the 

secondary turns N2 designed in the HBF converter part. 

However it can be negligible because it is much smaller than 

LB. Furthermore, although the proposed one uses the 

synchronous switch Qs it does not degrade the regulation 

performance of the boost PFC converter because Qs can be 

generally controlled only to reduce the conduction loss. 

Finally, the 450V/250μF capacitor is used as a link capacitor 

Clink. Thus, when the nominal link voltage Vlink-nom is 

regulated as 390V at the normal state, the maximum ripple 

voltage ΔVlink-max  and minimum link voltage Vlink-min  

can be calculated by 

Fig. 4: Boost Converter 

 
Table 1: Design Parameters of the Boost PFC Converter 

B. HB LLC Converter 

The HB LLC converter in the conventional PSU, i.e., 

conventional HB LLC converter, should be designed with 

250-400V link voltage range to satisfy the hold-up time 

requirement. On the other hand, the HB LLC converter in the 

PSU, i.e., proposed HB LLC converter, can be designed to 

cover narrow link voltage range (375-400V) because the HBF 

converter can be in charge of wide link voltage range (250-

380V) during the hold-up time. In this part, two HB LLC 

converters are designed and compared considering their link 

voltage range. Moreover, the resonant inductor, resonant 

capacitor, and resonant frequency were selected as 40μH, 

78nF, and 90kHz, respectively, considering the frequency 

variation and voltage gain. 
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1) Transformer N-Ratio NLLC 

The DC-conversion ratio of the HB LLC converter MLLC 

can be expressed as follows: 

From two features can be found. First, nLLC can be 

determined as because the HB LLC converter is commonly 

designed to operate near fr-LLC at the normal state. Second, 

MLLC is increased as fs-LLC is decreased so that lower fs-

LLC is required to obtain a higher voltage gain transformer 

magnitising inductance nLLC  .In the HB LLC converter, the 

transformer magnetizing inductance Lm should be designed 

as large as possible because a large Lm can reduce the 

primary conduction and switch turn-off losses. 

 
Fig. 6: Table for Transformer Core Design of HB LLC 

Converter 

C. HBF Converter 

HBF converter shares the structure of the boost PFC 

converter. HBF converter should not influence on the design 

procedure of the boost converter .It has regulate the output 

voltage with boost PFC converter. 

 
Fig. 7: Design Parameters of HB LLC Converters 

D. Multilevel Inverter 

A multilevel inverter is the power electronic device which is 

capable of providing the desired alternating voltage level at 

the output using multiple lower level DC voltages as an input, 

The 9-level diode clamped multilevel inverter uses switches, 

diodes, capacitors are two times more than the 5 –level diode 

clamped inverters. So the output is more than the input. 

 
Fig. 8: Circuit Diagram of Multilevel Inverter 

IV. EXPERIMENTS & RESULTS 

The proposed   multilevel converters are commonly used in 

industrial applications on account of their inherent superior 

properties such as modular structure, simple physical layout, 

and offering of more redundant switching states than other 

multilevel topologies. The circuit topology of a seven level 

CHB converter. The proposed fault-tolerant strategy 

presented by describing its application to the converter of this 

figure. 

 As pictured, each phase of this converter is made up 

of three H-bridge cells.  in displays an H-Bridge cell 

assembled from four IGBT switches S1–S2. Labeling the 

input terminal voltage of an H-bridge as Vdc, the output 

terminal voltage can be made equal to Vdc, 0, or –Vdc by 

properly firing the switches. 

 Therefore, due to the series connection of three H-

bridge cells in each phase of the CHB converter. seven 

voltage levels can be generated by each phase of this 

converter: −3Vdc, −2Vdc, Vdc, 0, Vdc, 2Vdc, and 3Vdc. 

 
Fig. 9: Voltage Wave Form of Microcontroller 

 
Fig. 10: Current Waveform of Microcontroller 

 
Fig. 11: Voltage Waveform of Load 

 
Fig. 12: Current Waveform of Load 

Fig Simulation and output waveform of proposed system 
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 The measured efficiency of PSU at the normal state 

is 230 Vrms where the PSU usually operates. The efficiency 

was measured with two power analysers. (yokogawa WT 

3000 and WT1600) for the input and output power 

measuring. 

 Power density is improved due to the reduced core 

size of the HB LLC converter and improved overall 

efficiency. 

 
Fig. 13: Overview of Hardware Kit 

V. CONCLUSIONS 

The contribution of this paper is to propose an advanced 

configuration for symmetric multilevel voltage source 

inverters. This modular structure uses reduced number of 

devices, including its power semiconductor switches and gate 

driver circuits of switches. Even, the suggested multilevel 

inverter has the lowest amount of power losses. The provided 

comparison study among suggested inverter, CHB and 

recently proposed converters, shows the superiority of t 

control scheme. To confirm the practicability of the proposed 

inverter, a prototype of the proposed symmetric topology has 

been implemented. Finally simulation and experimental 

results are compared with each other and the provided 

comparison shows that the obtained results are in good 

agreements. 
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