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Abstract 

Multilevel voltage source inverter is recognized as an important alternative to the normal two level voltage source inverter 

especially in high voltage application. Using multilevel technique, the amplitude of the voltage is increased, stress in the 

switching devices is reduced and the overall harmonics profile is improved. Among the familiar topologies, the most popular one 

is cascaded multilevel inverter. It exhibits several attractive features such as simple circuit layout, less components counts, 

modular in structure and avoid unbalance capacitor voltage problem. However as the number of output level increases, the circuit 

becomes bulky due to the increase in the number of power devices, the general purpose of the multilevel inverter is to synthesize 

a nearly sinusoidal voltage from several levels of dc voltages, typically obtained from capacitor voltage sources. As the number 

of level increases, the synthesized output waveform has more steps, which produce a staircase wave that approaches a desired 

waveform. Also as more steps added to the waveform, the harmonic distortion of the output waveform decreases, approaching 

zero as the level increases. As the number of level increases, the voltage that can be summing multiple voltage levels also 

increases. These new types of converters are suitable for high voltage and high power application due to their ability to 

synthesize waveforms with better harmonic spectrum. Numerous topologies have been introduced and widely studied for utility 

and drive applications. Amongst these topologies, the multilevel cascaded inverter was introduced in Static VAR compensation 

and drive systems. This project presents a new technique for getting a multilevel output and also uses PWM control techniques. 

In this technique, the number of switches used for the dc to ac conversion is reduced. So this dc to ac conversion significantly 

reduces the initial cost. This technique exhibits some attractive features which suits industrial applications. MATLAB/Simulink 

environment is used to simulate the results. The simulation of the seven-level multilevel inverter is successfully done using pulse 

width modulation technique. From the simulation, it is noted that the new multilevel inverter topology works well and shows 

hope to reduce the initial cost and complexity. When we increase the levels, the number of switches used is very less compared 

to the other topology.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Power electronic inverters are becoming popular for various industrial drives applications. In recent years, inverters have even 

become a necessity for many implementations such as motor controlling and power systems [1],[2]. The concept of utilizing 

multiple small voltage levels to perform power conversion was patented by an MIT researcher over twenty years ago [3]. 

The multi-level inverter system is very promising in AC drives, when both reduced harmonic contents and high power are 

required [4],[5]. Multilevel inverters have been mainly used in medium or high power system applications, such as static reactive 

power compensation and adjustable-speed drives [6], [7]. A multilevel inverter not only achieves high power ratings, but also 

enables the use of renewable energy sources. Renewable energy sources such as photovoltaic, wind, and fuel cells can be easily 

interfaced to a multilevel inverter system for a high power application [8]. 

The concept of multilevel inverters was first introduced in 1975. The term multilevel began with the three-level inverter. 

Subsequently, several multilevel inverter topologies have been developed [3], [9]. Up to now, several topologies of multi-level 

inverter system have been introduced. The main topologies used to generate a high voltage waveform using low voltage devices 

are the series H-bridge design, diode clamped inverter system and flying capacitor inverter system. Each of these topologies has 

a different mechanism for providing the voltage level. 

Comparing with the other components, for instance, DC link capacitors having the same capacity per unit, diode clamped 

inverter has the least number of capacitors among the multi-level inverter system topologies but it requires additional clamping 

diodes[4].The flying-capacitor topology followed diode-clamped after few years. Instead of series connected capacitors, this 

topology uses floating capacitors to clamp the voltage levels.[10] H-bridge inverters have isolation transformers to isolate the 

voltage source but they do not need either clamping diode or flying capacitor inverters. Also, some soft-switching methods can 

be implemented for different multilevel inverters to reduce the switching losses and to increase efficiency. Recently, several 

multilevel inverter topologies have been developed [11], [12],[13], [14]. 
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II. MULTILEVEL INVERTER 

An inverter is an electrical device that converts direct current (DC) to alternating current (AC); the converted AC can be at any 

required voltage and frequency with the use of appropriate transformers, switching, and control circuits. 

Static inverters have no moving parts and are used in a wide range of applications, from small switching power supplies in 

computers, to large electric utility high-voltage direct current applications that transport bulk power. Inverters are commonly 

used to supply AC power from DC sources such as solar panels or batteries. 

The electrical inverter is a high-power electronic oscillator. It is so named because early mechanical AC to DC converters was 

made to work in reverse, and thus was "inverted", to convert DC to AC. The inverter performs the opposite function of a 

rectifier. 

III. DIODE-CLAMPED MULTILEVEL INVERTER  

The neutral point converter proposed by Nabae, Takahashi, and Akagi in 1981 was essentially a three-level diode-clamped 

inverter. In the 1990s several researchers published articles that have reported experimental results for four-, five-, and six-level 

diode-clamped converters for such uses as static var compensation, variable speed motor drives, and high-voltage system 

interconnections. A three-phase six-level diode-clamped inverter is shown in Figure. Each of the three phases of the inverter 

shares a common dc bus, which has been subdivided by five capacitors into six levels. The voltage across each capacitor is Vdc, 

and the voltage stress across each switching device is limited to Vdc through the clamping diodes. Table  lists the output voltage 

levels possible for one phase of the inverter with the negative dc rail voltage V0 as a reference. State condition 1 means the 

switch is on, and 0 means the switch is off. Each phase has five complementary switch pairs such that turning on one of the 

switches of the pair requires that the other complementary switch be turned off. The complementary switch pairs for phase leg a 

are (Sa1, Sa’1), (Sa2, Sa’2), (Sa3, Sa’3), (Sa4, Sa’4), and (Sa5, Sa’5). Table also shows that in a diode-clamped inverter, the switches that 

are on for a particular phase leg are always adjacent and in series. For a six-level inverter, a set of five switches is on at any given 

time. 

IV. FLYING CAPACITOR MULTILEVEL INVERTER 

Meynard and Foch introduced a flying-capacitor-based inverter in 1992 [32]. The structure of this inverter is similar to that of the 

diode-clamped inverter except that instead of using clamping diodes, the inverter uses capacitors in their place. The circuit 

topology of the flying capacitor multilevel inverter is shown in Figure 31.7. This topology has a ladder structure of dc side 

capacitors, where the voltage on each capacitor differs from that of the next capacitor. The voltage increment between two 

adjacent capacitor legs gives the size of the voltage steps in the output waveform.  

 

 Three-Phase Six-Level Structure of a Flying Capacitor Inverter 

One advantage of the flying-capacitor-based inverter is that it has redundancies for inner voltage levels; in other words, two or 

more valid switch combinations can synthesize an output voltage. Table 31.2 shows a list of all the combinations of phase 

voltage levels that are possible for the six-level circuit shown in Figure 31.7. Unlike the diode-clamped inverter, the flying-

capacitor inverter does not require all of the switches that are on (conducting) be in a consecutive series.  

http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Switched-mode_power_supply
http://en.wikipedia.org/wiki/Electric_utility
http://en.wikipedia.org/wiki/High-voltage_direct_current
http://en.wikipedia.org/wiki/Solar_panel
http://en.wikipedia.org/wiki/Battery_(electrical)
http://en.wikipedia.org/wiki/Electronic_oscillator
http://en.wikipedia.org/wiki/Mechanical_rectifier
http://en.wikipedia.org/wiki/Rectifier
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Moreover, the flying-capacitor inverter has phase redundancies, whereas the diode-clamped inverter has only line-line 

redundancies [2, 3, 33]. These redundancies allow a choice of charging/discharging specific capacitors and can be incorporated 

in the control system for balancing the voltages across the various levels.  

In addition to the (m-1) dc link capacitors, the m-level flying-capacitor multilevel inverter will require (m-1) × (m-2)/2 

auxiliary capacitors per phase if the voltage rating of the capacitors is identical to that of the main switches. One application 

proposed in the literature for the multilevel flying capacitor is static var generation [2, 3]. The main advantages and 

disadvantages of multilevel flying capacitor converters are as follows [2, 3].  

V. MIXED-LEVEL HYBRID MULTILEVEL CONVERTER 

To reduce the number of separate DC sources for high-voltage, high-power applications with multilevel converters, diode-

clamped or capacitor-clamped converters could be used to replace the full-bridge cell in a cascaded converter [35]. An example 

is shown in Figure 31.9. The nine-level cascade converter incorporates a three-level diode-clamped converter as the cell. The 

original cascaded H-bridge multilevel converter requires four separate DC sources for one phase leg and twelve for a three-phase 

converter. If a five-level converter replaces the full-bridge cell, the voltage level is effectively doubled for each cell. Thus, to 

achieve the same nine voltage levels for each phase, only two separate DC sources are needed for one phase leg and six for a 

three-phase converter. The configuration has mixed-level hybrid multilevel units because it embeds multilevel cells as the 

building block of the cascade converter. The advantage of the topology is it needs less separate DC sources. The disadvantage for 

the topology is its control will be complicated due to its hybrid structure.  

 
A Mixed-level hybrid unit configuration using the three-level diode-clamped converter as the cascaded converter cell to 

increase the voltage levels. 

VI. SOFT-SWITCHED MULTILEVEL CONVERTER 

Some soft-switching methods can be implemented for different multilevel converters to reduce the switching loss and to increase 

efficiency. For the cascaded converter, because each converter cell is a bi-level circuit, the implementation of soft switching is 

not at all different from that of conventional bi-level converters. For capacitor-clamped or diode-clamped converters, soft-

switching circuits have been proposed with different circuit combinations. One of soft-switching circuits is a zero-voltage-

switching type which includes auxiliary resonant commutated pole (ARCP), coupled inductor with zero-voltage transition 

(ZVT), and their combinations [1, 36] as shown in Figure. 



Modified Multilevel Inverter Topology with Minimum Number of Switches  
(IJSTE/ Volume 3 / Issue 09 / 084) 

 

 All rights reserved by www.ijste.org 
 

405 

VII. BACK-TO-BACK DIODE-CLAMPED CONVERTER 

Two multilevel converters can be connected in a back-to-back arrangement and then the combination can be connected to the 

electrical system in a series-parallel arrangement as shown in Figure 31.11. Both the current demanded from the utility and the 

voltage delivered to the load can be controlled at the same time. This series-parallel active power filter has been referred to as a 

universal power conditioner [37-43] when used on electrical distribution systems and as a universal power flow controller [44-

48] when applied at the transmission level. Previously, Lai and Peng [30] proposed the back-to-back diode-clamped topology 

shown for use as a high-voltage dc inter connection between two asynchronous ac systems or as a rectifier/inverter for an 

adjustable speed drive for high-voltage motors. The diode-clamped inverter has been chosen over the other two basic multilevel 

circuit topologies for use in a universal power conditioner for the following reasons: 

VIII. PULSE WIDTH MODULATION 

Pulse Width Modulation (PWM) is the most effective means to achieve constant voltage battery charging by switching the solar 

system controller’s power devices. When in PWM regulation, the current from the solar array tapers according to the battery’s  

condition and recharging needs consider a waveform such as this: it is a voltage switching between 0v and 12v. It is fairly 

obvious that, since the voltage is at 12v for exactly as long as it is at 0v, then a 'suitable device' connected to its output will see 

the average voltage and think it is being fed 6v - exactly half of 12v. So by varying the width of the positive pulse - we can vary 

the 'average' voltage 

IX. MULTILEVEL CONVERTER PWM MODULATION STRATEGIES 

Pulse width modulation (PWM) strategies used in a conventional inverter can be modified to use in multilevel converters. The 

advent of the multilevel converter PWM modulation methodologies can be classified according to switching frequency. The 

three multilevel PWM methods most discussed in the literature have been multilevel carrier-based PWM, selective harmonic 

elimination, and multilevel space vector PWM; all are extensions of traditional two-level PWM strategies to several levels. Other 

multilevel PWM methods have been used to a much lesser extent by researchers; therefore, only the three major techniques will 

be discussed in this chapter. 

 
Series-parallel connection to electrical system of two back-to-back inverters. 
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Six-level diode-clamped back-to-back converter structure.  

X. MODELING OF CONVENTIONAL AND PROPOSED MULTILEVEL TOPOLOGIES 

 CASCADED MULTILEVEL INVERTER 

A cascaded multi-level inverter consists of a number of H-bridge inverter units with separate dc source for each unit and it is 

connected in cascade or series as shown in Fig.1 [12]. Each H-bridge can produce three different voltage levels: +Vdc, 0, and -

Vdc by connecting the dc source to ac output side by different combinations of the four switches S1, S2, S3, and S4. The 

magnitude of the ac output phase voltage is given by: 

          (1) 

 

For symmetric inverter all dc voltage sources in Fig. 1 equal to Vdc, the number of available voltage step levels is : 

              (2) 

 
Configuration of cascaded multilevel inverter 

Where n represented the number of full-bridges and the maximum output voltage (Vomax) of this n cascaded multilevel 

inverter is: 

                   (3) 

For asymmetric cascaded multilevel inverter, DC voltage sources of different cells are non-equal. Asymmetric inverter 

provides an increased number of voltage levels for the same cells number than its symmetric counterpart. If the DC voltages of 

individual cells Fig.1 are selected according to a geometric progression with a factor of two or three [10].For n cascaded 

multilevel inverters, then the number of voltage steps count is: 

         (4) 

        (5) 

The maximum output voltages of these n cascaded multilevel inverters are: 

      (6) 

      (7) 
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XI. MODULATION TECHNIQUE FOR SWITCHES 

The implementation of the various carrier PWM techniques is possible for multi-level inverters. This paper uses multi-level 

triangular wave generation as derived in [21] [22]. It can be a useful solution for pulse generation for this topology. This 

technique in [23] is called carrier redistribution (CR) technique. This technique is derived from the triangular carrier and has 

individually the lowest switching frequency among the multi-level PWM methods. 

 

XII. RESULTS AND DISCUSSION 

 SIMULINK MODEL OF CASCADED H-BRIDGE INVERTER 

 
Fig. 6.1: Simulink Diagram of Cascaded Multilevel Inverter. 

The Fig. 6.1 and Fig. 6.2 show the Simulink Diagram of Cascaded and H-Bridge Multilevel Inverter respectively, in which each 

block carries its own specifications, those specifications will be explained in the table1 in appendice and A9, A10 and A11 are 

the H-Bridges shown in the Fig.6.2. Each h-bridge is similar to a simple 2-level inverter with 2 levels of output +Vdc and –Vdc. 

So for a seven level inverter 3 such H-bridges are required with each bridge consisting of 4 switches. Hence the total number of 

switches required in this topology for 7-levels are 12. 
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 Simulink Model of H-Bridge 

 
Fig. 6.2: Simulink diagram of h-bridge 

 Simulated Output Voltage: 

 
Fig. 6.3: output of 7-level cascaded h-bridge inverter 
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 Simulink Model of the Proposed Topology 

 Symmetrical Configuration 

 
Fig. 6.4: Simulink Diagram of Symmetrical Multilevel Inverter 

 Look-up table 
Table - 6.1 

Switching pattern for various levels of output voltage 

 
The above figure 6.4 shows the Simulink model for symmetrical configuration of the proposed topology. With this configuration 

the same level as in conventional topology can be achieved with lesser number of switches. This configuration uses only 8 

switches compared to the 12 switches in the conventional topology. The switching state of the topology is given in the tabular 

column 6.1 as shown above. The waveform for the symmetrical configuration is shown below.   
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Fig. 6.5: waveform of symmetrical configuration 

 Unsymmetrical Configuration 

 
Fig. 6.5: Simulink Diagram of Asymmetrical Multilevel Inverter 
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 ON switches look-up table. 

 

Table - 6.2 

 

 WAVEFORM OF UNSYMMETRICAL CONFIGURATION 

 
Fig. 6.6: output of Asymmetrical Multilevel Inverter 

The simulation studies are carried out for two different cases. The first case is the ordinary symmetrical multilevel inverter. 

This case is studied to examine the characteristics of the output voltage and output current. The second case is ordinary 

asymmetrical multilevel inverter. We can observe from the waveforms and Simulink model that from symmetrical configuration 

with 8 switches itself we can get 7 level waveform and from unsymmetrical configuration we get 13-level output with the same 8 

switches. So in the proposed topology the number of switches is less even for higher level outputs. This is very beneficial in 

terms of cost and also reduces the complexity of operation. 

Table 6.2 shows the look up table which shows the switching states of all the 8 switches at different voltage level in the 

unsymmetrical configuration 

XIII. CONCLUSION 

A novel symmetrical multilevel inverter topology has been proposed in this paper. The most important feature of the system is 

being convenient for expanding and increasing the number of output levels simply without using any bidirectional switches. This 

method results in the reduction of the number of switches, losses and cost of the converter. Based on presented switching 

algorithm, the multilevel inverter generates near-sinusoidal output voltage and as a result, very has low harmonic content. 

A new algorithm for determination of dc voltage source magnitudes has been presented in asymmetrical multilevel inverter, 

too. This technique provides more flexibility to designers and can generate more voltage levels without losing any level which 

worsens THD characteristics. The possibility of extension or series connection of this basic nit in two topologies has been 

studied. The seven level inverter has been developed from the proposed topology with reduced switches in comparison with the 

cascaded multilevel inverter the number of switches are reduced by four. Then with same number of switches and with different 

arrangement of switches 13-level also is developed in the proposed work so this reduced the complexity of the circuit as well as 

the total cost hence the modified configuration is very much advantageous Through simulations it is seen that proposed inverter 

topology generates a high-quality output voltage waveform and harmonic components of output voltage and current are low. 
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