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Abstract – This paper proposes a new Asymmetrical 

multilevel inverter topology with reduced number of switches. 

This topology is superior to the existing multilevel inverter 

(MLI) configurations in terms of lower total harmonic 

distortion (THD) value and lower cost. The idea incorporates a 

new module setup comprising of four different voltage sources 

having voltage output levels in a specific ratio. The proposed 

topology uses a novel pulse width modulation (PWM) 

technique (as presented) to control the gating pulses. The 

operation is simulated using MATLAB/SIMULINK and its 

results are validated through FPGA Spartan 3 based hardware 

prototype inverter (using three voltage sources to produce a 7 

level output, which may be extended to 15 level). The circuit 

complexity is drastically reduced and it is suitable for medium 

and high power applications. THD for the output is quite low 

when compared with the conventional inverter.  

 

Keywords: multilevel dc-link inverter, Field Programmable 

Gate Array (FPGA), Reduced Switch MLI 

I.  Introduction 

Multilevel inverters are generally used for DC-AC conversion 

since they have nearly sinusoidal output voltage waveforms 

and an improved harmonic profile of the output current [1]. 

There is a reduction in the commutation frequency applied to 

the switching components, switching losses as well as in the 

voltages applied to the main power switches, enabling 

operation at higher load voltages without the use of 

transformers or filter circuits [2]. Transient voltages are 

automatically limited. Common topologies proposed for 

multilevel inverters are flying capacitor, diode clamped, 

cascaded H-bridge and modified H-bridge.[3]. 

 

However, there are certain disadvantages associated with the 

multilevel inverter configurations. First, they also require a 

great number of auxiliary dc levels, provided by independent 

supplies. Second is their circuit complexity, requiring a high 

number of power switches that must be commutated in a 

precisely determined sequence by a dedicated (and complex) 

modulator circuit. The high number of switches also increases 

the probability of failure of one of the switches in the circuit. 

Therefore, decreasing the number of switches in a MLI 

configuration has been a prominent aim in recent times and 

many topologies have been invented with the aim of doing so. 

[4], [5], [6] and [7] provide some such topologies. [5] Presents 

a structure with reduced number of switches and reduction in 

THD. However, the number of DC sources must be equal to 

the number of output levels, N level. [6] reduces the number of 

active elements in the system, but requires a transistor for each 

voltage source, thereby additionally incurring losses at each of 

the transistors. [8] presents a ―series-connected sub multilevel 

converters blocks‖ to produce multilevel output but needs a 

control circuitry of increased complexity. 

This paper deals with the development of a novel single phase 

fifteen level  H-bridge multilevel inverter that has four front 

end control Switches S1, S2, S3 and S4 and a single H-bridge 

inverter. The proposed Multilevel Inverter Topology has more 

advantages than the existing topologies as the number of 

switching devices and Total Harmonic Distortion are reduced. 

Therefore the switching losses are also reduced, increasing the 

efficiency of the output. [9], [10] and [11] describe the 

generation of multilevel output with a direct more number of 

switches that which is proposed. The proposed multilevel 

inverter overcomes all these disadvantages while being more 

compact.  Carrier based Pulse Width Modulation (PWM) 

techniques are currently widely used due to their reduced 

computational requirement, simplicity and robustness [12]. A 

novel PWM technique has been implemented which makes 

use of 15 carrier signals compared with a reference signal 

which is fed to a 16-4 priority encoder to control the 

switching. The proposed topology is evaluated by simulation 

and hardware implementation. The simulation is carried out in 

MATLAB R2011a and the hardware implementation is 

carried out in a Xilinx based system generator facility in union 

with a FPGA based processor [13]. 

 

II. Proposed Multilevel Inverter Topology 

 

The proposed MLI generated fifteen level output without 

using bidirectional switches and capacitors. It consisted of 

four sources and diodes connected in between the switches S1, 

S2, S3, and S4 as shown in the Fig. 1. The sources V1, V2, V3 

and V4 generate voltages in the ratio 8:4:2:1 respectively. The 

H-Bridge inverter uses the four sources in series as its voltage 

source. The sources V1-V4 can be connected or disconnected 

using the switches S1-S4 respectively for producing different 

voltage levels. Switches S5-S6are used to control the direction 

of current flow and hence produces alternating output across 

the load. For the generation of 15 level output, an Diode 

clamped MLI requires 24 Switching devices, 60 diodes and 12 

dc link capacitors whereas in the proposed topology, it 

requires only 8 switching devices and 4 diodes to generate 

same fifteen level output, the details of which are shown in 

Table I. 

 



  
 Fig. 1. Proposed multilevel inverter topology 

 

Considering the maximum dc link voltage level as Vdc, 

the inverter produced fifteen output-voltage levels 

(Vdc/15, 2Vdc/15, 3Vdc/15, 4Vdc/15, 5Vdc/15, 6Vdc/15, 

7Vdc/15, 8Vdc/15, 9Vdc/15, 10Vdc/15, 11Vdc/15, 12Vdc/15, 

13Vdc/15, 14Vdc/15, Vdc) from the dc supply voltage.  

The operation is divided into 15 modes having different 

voltage levels. Considering the variable ‗m‘, Mode m 

will have the voltage level of (m-1)Vdc/15. The switching 

states of the 15 modes are illustrated by Fig. (2.1-2.15). 

The same voltage levels are obtained in negative as well.  

The modified H-bridge topology is significantly 

advantageous over other topologies, i.e., less power 

switches, power diodes, and less capacitor for inverters 

of the same number of level [14]. 

 

 

TABLE I 

COMPARISON OF THE PER PHASE PROPOSED TOPOLOGY WITH THE CONVENTIONAL TOPOLOGIES 

Nlevel 

Components 

Conventional Topologies 
Proposed 

Topology 

15 

Diode 

Clamped 

Flying 

Capacitor 

Cascaded 

Bridge 

Referenced 

Topology 

Dc sources 1 1 7 1 4 

Dc link capacitor 12 12 - - - 

Diodes 60 - - 12 4 

Clamping capacitors - 30 - - - 

Switching devices (IGBT) 24 24 28 11 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.1 Mode I                                        Fig 2.2 Mode II          Fig 2.3 Mode III 

 

 

 

 

 

 

 

 

 

 

 

 

               

                  Fig 2.4 Mode IV                             Fig 2.5 Mode V                                   Fig 2.6 Mode VI 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

               Fig 2.7 Mode VII              Fig 2.8 Mode VIII         Fig 2.9 Mode IX 

 

 

 

 

 

 

 

 

 

 

 

 

 

               Fig 2.10 Mode X                           Fig 2.11 Mode XI                   Fig 2.12 Mode XII 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

                  Fig 2.13 Mode XIII                     Fig 2.14 Mode XIV                        Fig 2.15 Mode XV 

 

Figures 2.1 – 2.15 Show the Various Modes of Operation of Producing the DC Link Voltage 

 

The switching sequence to the switches S1, S2, S3, S4 are 

given by a ―Binary Logic‖, in which the digits in the 

binary system are formed such as 0000 to 1111. ‗0‘ 

indicates that the switch is in OFF condition and ‗1‘ 

indicates that Switch is in ON.  This logic is explained in 

the next section. Based on this condition the switching 

sequence to the front end IGBT‘s are fired, which 

generates the multilevel waveforms. The positive levels 

are attained when switches S5 and S8 are ON and 

switches S6 and S7 are OFF and similarly, negative levels 

are attained when switches S6 and S7 are ON and S5 and 

S8 are OFF respectively. The Switching pulses for the H-

Bridge IGBTs are controlled by normal sinusoidal pulse 

width modulation technique, in which pair of IGBTs is 

fired simultaneously to obtain positive and negative cycle 

waveforms. The switching pulses are for IGBT‘s are 

shown below in the Table II in the order in which they 

are fired. 

 

III. Proposed PWM Techniques 

 

It is necessary to supply switching pulses to 8 switches in 

the circuit – 4(S1, S2, S3 and S4) that produce the DC Link 

voltage and 4 (S5, S6, S7 and S8) in the H bridge inverter 

circuit. Different PWM techniques are used here for 

each. For S5-S8, we use the normal SPWM technique.



 

 

TABLE II  

             SIMULATION CIRCUIT OF PROPOSED SPWM  

TECHNIQUE USING BINARY CODE (0 IS OFF AND 1 IS ON) 

For generating the firing pulses for the switches S1-S4, 

a novel PWM technique is described. In this technique, 

there is one reference sine waveform, Vref and 15 

triangular carrier waves (VCar1 – VCar15), each of much 

higher frequency than that of Vref, as shown in Fig. 3. 

In Fig. 3, the topmost career wave is Vcar15 and the 

bottommost is Vcar1. Each of the carrier waves is 

compared with the reference wave Vref.  If the carrier 

signal‘s instantaneous value is less than that of the 

reference value, the comparator output is high. The 

outputs of the comparator values are tabulated in Table 

IV. These outputs are fed to a 16-to-4 bit Priority 

Encoder; the output bits act as the trigger pulses for 

switches S1-S4 as show (in Table IV). 

For example, consider the instant of time at which the 

output is 13Vdc/15 – S4-ON, S3-ON, S2-OFF, S1-ON.  

This is the instant at which the value if Vcar13 becomes 

lesser than Vref. Therefore the encoder produces the 

value ―1101‖, fed to the switches. Thus the switches S1-

S4 switch at the rate of carrier signals. The firing pulses 

of the switches S1-S4 are shown in Fig. 4. 

Table III provides an insight about four arbitrary time 

frames of the waveform.  

The Switching Pulses given to the H-bridge IGBT‘s are 

controlled by normal SPWM. When a pair of switches is 

ON the other switches are OFF and vice-versa. When S5 

and S8 are ON positive half of the waveform is 

generated and when S6 and S7 are ON, the negative half 

of waveform is formed. The firing pulses of the H-

bridge are shown in Fig. 5 

.  

 

Fig. 3. Carrier and Reference waveforms

m Voltage Level State of Switch 

S1 S2 S3 S4 S5 S6 S7 S8 

1 Vdc/15 0 0 0 1 1 0 0 1 

2 2Vdc/15 0 0 1 0 1 0 0 1 

3 3Vdc/15 0 0 1 1 1 0 0 1 

4 4Vdc/15 0 1 0 0 1 0 0 1 

5 5Vdc/15 0 1 0 1 1 0 0 1 

6 6Vdc/15 0 1 1 0 1 0 0 1 

7 7Vdc/15 0 1 1 1 1 0 0 1 

8 8Vdc/15 1 0 0 0 1 0 0 1 

9 9 Vdc/15 1 0 0 1 1 0 0 1 

10 10 Vdc/15 1 0 1 0 1 0 0 1 

11 11 Vdc/15 1 0 1 1 1 0 0 1 

12 12 Vdc/15 1 1 0 0 1 0 0 1 

13 13 Vdc/15 1 1 0 1 1 0 0 1 

14 14 Vdc/15 1 1 1 0 1 0 0 1 

15 Vdc 1 1 1 1 1 0 0 1 

-1 - Vdc/15 0 0 0 1 0 1 1 0 

-2 -2 Vdc/15 0 0 1 0 0 1 1 0 

-3 -3 Vdc/15 0 0 1 1 0 1 1 0 

-4 -4 Vdc/15 0 1 0 0 0 1 1 0 

-5 -5 Vdc/15 0 1 0 1 0 1 1 0 

-6 -6 Vdc/15 0 1 1 0 0 1 1 0 

-7 -7 Vdc/15 0 1 1 1 0 1 1 0 

-8 -8 Vdc/15 1 0 0 0 0 1 1 0 

-9 -9 Vdc/15 1 0 0 1 0 1 1 0 

-10 -10 Vdc/15 1 0 1 0 0 1 1 0 

-11 -11 Vdc/15 1 0 1 1 0 1 1 0 

-12 -12 Vdc/15 1 1 0 0 0 1 1 0 

-13 -13 Vdc/15 1 1 0 1 0 1 1 0 

-14 -14 Vdc/15 1 1 1 0 0 1 1 0 

-15 - Vdc 1 1 1 1 0 1 1 0 



 

 

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Firing Pulses to Switches S1, S2, S3 and S4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Fig. 5. Firing Pulses to Switches S5, S6, S7 and S8 

 

TABLE III 

SOME TIMEFRAMES OF THE SWITCHING 

PULSES OF S1-S, SHOWN IN FIG. 5  
 

 

 

IV. Simulation 

The proposed topology is simulated in 

MATLAB/SIMULINK R2011a. Fig. 6 Shows the 

simulated circuit. It consists of four front end IGBT‘s 

(S1-S4) which are connected with a four DC voltage 

sources rating V1=40V, V2=20V, V3=10V, V4=5V 

and diodes are connected to them as shown in the 

circuit. It also consists of four IGBT‘s which are 

connected in an H-bridge model as shown in the 

circuit.   

The Switching pulses are given to the H Bridge circuit 

by normal sinusoidal pulse width modulation technique 

(for the generation of positive and negative cycles). 

The switching pulses for the frontend IGBT‘s are given 

by the binary priority encoder logic as explained earlier 

(Circuit as shown in Fig. 11). 
Table IV shows the various switching pulse values of 

the frontend switches. These pulses are generated when 

the reference signal overlaps the carrier signals. The 

pulses are generated along with a delay which is given 

to each switch. Frequency of the Reference Sine wave 

is 50 Hz and those of the carrier waves are about 5  

KHz each.  The output voltage and current waveforms 

of the 15 level MLI are shows in Fig 7. Fig. 8 shows 

the FFT analysis and the Total Harmonic Distortion 

(THD) obtained is about 5.08% for load voltage. Fig. 9 

shows the FFT analysis and the Total Harmonic 

Distortion (THD) obtained is about 5.28% for Load 

Current.  

The number of levels in the output may be changed 

dynamically by changing the value of the Modulation 

Index (ma). The values of ma and the number of levels 

they correspond to are shown in table V and in Fig. 10. 

Fig. 6. Simulink circuit of the proposed Multilevel 

InverterTopology

 

Time S1 S2 S3 S4 DC 

Link 

Voltage 

0.002 1 0 0 0 8Vdc/15 

0.004 1 1 1 1 Vdc 

0.008 1 0 0 1 9Vdc/15 

0.010 0 0 0 1 Vdc/15 
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TABLE. IV 

TRUTH TABLE FOR 15-TO-4 PRIORITY ENCODER – ‗X‘ REPRESENTS A DON‘T CARE CONDITION 

 

 

 

  

      

 

 

 

 

 

 

 

 

 

Fig.7. Output voltage and current waveform for proposed MLI    Fig. 8. FFT Analysis for load voltage of proposed MLI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. FFT Analysis for load current of proposed MLI.                       Fig 10. Number of Levels Vs Modulation Index 

 

 

 

       TABLE. V 

Inputs Outputs 

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 S1 S2 S3 S4 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 X 0 0 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 1 X X 0 0 1 1 

0 0 0 0 0 0 0 0 0 0 0 1 X X X 0 1 0 0 

0 0 0 0 0 0 0 0 0 0 1 X X X X 0 1 0 1 

0 0 0 0 0 0 0 0 0 1 X X X X X 0 1 1 0 

0 0 0 0 0 0 0 0 1 X X X X X X 0 1 1 1 

0 0 0 0 0 0 0 1 X X X X X X X 1 0 0 0 

0 0 0 0 0 0 1 X X X X X X X X 1 0 0 1 

0 0 0 0 0 1 X X X X X X X X X 1 0 1 0 

0 0 0 0 1 X X X X X X X X X X 1 0 1 1 

0 0 0 1 X X X X X X X X X X X 1 1 0 0 

0 0 1 X X X X X X X X X X X X 1 1 0 1 

0 1 X X X X X X X X X X X X X 1 1 1 0 

1 X X X X X X X X X X X X X X 1 1 1 1 



                 MODULATION INDEX VS.NO.OF LEVELS      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. Hardware Implementation 

Hardware implementation of the simulation is done by 

constructing a 7 level MLI prototype (Fig. 12). The 

power switches and conditions are similar to that of the 

simulation, but the number of levels is restricted to 7 

due to economic constraints. However it is understood 

that once the operation of the 7 level MLI experimental 

setup is verified, the 15 level (simulated) MLI is only 

an extension to it. The prototype comprises of 7 IGBTs 

(FIO  5O-12BD), in which 3 IGBT are used as level 

producing which are connected with an three DC 

voltage sources rating  V1=20V, V1=10V, V2=5V and 3 

diodes BYQ  28E) are connected to them and rest of 4  

IGBT are used as to design H-Bridge to produce the 

sine wave . A Deadband time of 4.2 micro seconds is 

kept between each complimentary IGBT switching to 

ensure that the illegal states of H-Bridge inverter never 

occur practically. 

The Xilinx based system generator facility, a toolbox in 

MATLAB R2011a, was used to generate MC-PWM 

pulses. The rising and trailing edge pulses can be 

varied using this toolbox. Overlapping these pulses 

result in the required PWM pulse. The carrier 

frequency was kept at 1 KHz while the reference 

frequency was maintained at 50Hz. The Fig. 13 and 

Fig. 14 broadly show the various steps involved in 

providing the gate control pulses to all the switches. 

Fig. 13 shows the detailed steps that are involved in 

creating the very high speed integrated circuit hardware 

description language (VHDL) code for emulation on a 

Spartan based FPGA board (Spartan 3 XC3SFO-

4PQ208C). First, an analog circuit for the generation of 

the pulses is created in MATLAB and its output is 

verified. Next, the required dead time is applied. Then 

the VLDL code is generated, which is used to simulate 

the circuit to verify the output again (this time in digital  

 

 

 

 

 

Fig. 11. MATMAB/SIMULINK Simulation circuit of 

Proposed Control Technique using BINARY Code  

 

form). If the simulation in VHDL form is verified, it is 

finally translated into a logical scheme to be loaded on 

to the processor. Fig. 14 shows the shows the general 

organization of the gate pulse producing circuitry.  

 

The output voltage waveform and THD spectrum for 

the Modulation Index value of 0.714 corresponding to 

5 levels was captured in Fig. 15; For the Modulation 

Index value of 1.0 corresponding to 7 levels was 

captured in Fig. 16. The successful verification of the 

output of the hardware model against the simulation 

validates the PWM technique. Moreover, it proves the 

practical feasibility of the proposed MLI system. Table 

VI compares the simulation results and the hardware 

implementation results. 

 

 
 

Fig. 12. Hardware implementation 

 

 

 

 

Modulation 

Index (0-1) 

Number of 

Levels  

(1-15) 

0.133 2 

0.200 3 

0.267 4 

0.333 5 

0.400 6 

0.467 7 

0.533 8 

0.600 9 

0.667 10 

0.733 11 

0.800 12 

0.867 13 

0.933 14 

1.0 15 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Fig. 13. . Programming the FPGA board. 

 

 

 

 

 

 

 

 

 

Fig. 15. (A) 5 level voltage output at ma=0.7 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. (A) 7 level voltage output at ma=1.0 

 

 

 

  

 

 

 

 

 

     

 

            

        Fig. 14. Generation of gate pulses 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Fig. 15. (B) 5 level THD Spectrum at ma=0.71 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. (B) 7 level THD Spectrum at ma=1.0 

 

TABLE VI 

COMPARISON CHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VI. Conclusion 

A single phase 15 level reduced switch MLI topology 

is introduced and its various modes of operation are 

studied. A novel SPWM modulation approach is 

presented and utilized in the proposed topology, the 

acceptable simulation results are then verified with a 

FPGA IP Core Processor based Hardware prototype. 

The results for the proposed system are summarized as 

follows: 

Simulation Hardware Output 

Output 

Voltage(V) 

Simulation 

THD (%) 

Output 

Voltage(V) 

Hardware 

THD (%) 

5 14.24 4.98 15.41 

10 12.82 9.94 13.76 

15 11.46 14.95 11.18 

20 9.98 20.01 9.54 

25 6.82 24.97 7.73 

30 5.42 30.04 6.50 

35 6.39 35.00 7.11 



 

 

1. The proposed MLI uses only 8 switches to give 15 

level output 

2. It is seen from the simulation results that the THD 

for the Output voltages and the current of the 

proposed system is quite low when compared with 

the conventional inverter [5],[8].  

3. The proposed system may be extended to a 3 phase 

3 line system 

4. This configuration of reduced circuit complexity 

will be adequate for low and medium power 

applications whereas typical MLIs cannot compete 

with a standard UPS at (lower-) 2 level output 

configurations. 

The inverter can easily be expanded by increasing the 

levels with minimum number of switches, thus, the 

overall cost is reduced and the inverter generates 

higher quality output voltage. 
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