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Abstract— This paper is a simulation study of single phase 

multilevel inverter for distributed energy resources 

(DER).The DER system are small power generation tools 

which is used in microgride system ,in order to reduce the 

conversion losses and to improve the size and cost of the 

system. The objective of this paper is to study the simplified 

single phase five level inverter topology, in this study a high 

step up converter is used to set up the voltage coming from 

the various DER’s such as fuel cell module and photovoltaic 

module, this high voltage are  acting as input to the inverter. 

The simplified five level inverter requires less number of 

switches as compare to conventional cascade H-bridge 

(CCHB) inverter. There are some strong advantages of this 

studied multilevel inverter such as improved output 

waveform ,lower Total Harmonic Distortion(THD) in 

addition of this two power switches are operated at the line 

frequency. The circuit has been designed and simulated with 

18V input, 180V output as a part of photovoltaic AC 

module. 
Key words: DC-DC Converter, Multilevel inverter, Coupled 

inductor 

I. INTRODUCTION 

Now a day it is important to focus on emission of 

greenhouse gases because of the global warming and 

climate change therefore we have to look on 

environmentally friendly distributed energy resources 

system (DER’s). The main cause of global warming is fossil 

fuel because we burn fossil fuel in large quantity for the 

production of electricity therefore everyone is focusing on 

renewable resources, but it is difficult to replace all non-

renewable sources to renewable sources because of the cost 

point of view. But we can reduce thermal power plant 

emission by adopting DER. 

In recent years DER’s such as wind power, micro-

turbine, photovoltaic (PV) module, fuel-cell module has 

become a critical issue in microgride system. In such a 

system most DER’s usually supply a DC voltage that varies 

in a wide range according to various load condition [range 

of DER’s is about 3kw-10000kw]. To demonstrate the 

effective power flow control performance in grid-connected 

operation various converters topologies have been 

developed [3][8].To reduce the cost, size and weight of the 

converter we can use high frequency transformers or make 

no use of transformer. For low-medium power application 

“transformerless”[4] architectures are used in grid-

connected power converters, as the output voltage level 

increases, the output harmonics  of such inverter decreases 

which allows the less expensive output filter. As a result 

multilevel inverter topology is developed which has reduced 

number of power switches which allowing the  reduction of 

switching losses and electromagnetic interference(EMI).The 

Generalized Zero vectors (GZV) [6] modulation scheme of 

single phase inverter is the first scheme which is configured 

however this circuit has limited voltage range and the use of 

isolated transformer with multiwindings of GZV based 

inverter result’s in large size, weight and cost.  

The objective of this paper is to study and simulate 

a newly constructed transformerless five level multistring 

inverter topology to overcome the above problem. The 

simplified five level inverter requires only six active 

switches instead of the eight required in the conventional 

cascaded H-bridge (CCHB) inverter[2]. A high step up 

converter is also introduce as a front end stage to improve 

the conversion efficiency and to stabilized the output DC 

voltage of each DER’s. Improved output waveforms, lower 

total harmonic distortion (THD), smaller filter size are some 

advantages of the simplified inverter topology. 

II. SYSTEM CONFIGURATION 

This paper presents a multistring multilevel inverter for 

DER’s  application fig.1 shows the multistring inverter, here 

we can see that each inverter are interfaced with their own 

DC-DC converter[1]. Each string can be controlled 

individually therefore this centralized system is 

beneficial.Fig2 shows the single phase multistring multilevel 

inverter topology used in this study. In this topology we 

have two high step up DC-DC converter which is connected 

to individual dc-bus capacitors and then to the simplified 

multilevel inverter. IT should be noted that by using the 

independent voltage regulation control of each high step up 

converter, voltage balance control for the bus capacitors 

Cbus1,Cbus2 can be achieved naturally. Because of the 

more advantages of simplified inverter over the convectional 

cascaded H-bridge inverter we use simplified five level 

inverter topology.  

 

A.  High Step-up Converter Stage  

In this paper we are using a high step-up converter 

topology[1].Fig3 shows the circuit diagram of the converter 

which is composed of one IGBT, one coupled inductor, 
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three diodes and four capacitors. The polarity of the coupled 

inductor windings is illustrated by the conventional dot 

symbol. This circuit combines the behavior of three different 

converter topologies: boost, flyback and charge-pump. This 

converter circuit is used for boosting and stabilizing the DC 

voltage of various DER’s such as PV module and fuel-cell 

module. In this high step up converter circuit the couple 

inductor can be modeled as a ideal transformer, a leakage 

inductor and a magnetizing inductor. 

The voltage of primary winding of magnetizing inductor is 

derived as – 

𝑉𝑝𝑟𝑖 = 𝑉𝑖𝑛 
𝐷

1 − 𝐷
 

Where Vin represents each the low-voltage dc 

energy input sources, and voltage of the secondary winding 

is – 

𝑉𝑠𝑒𝑐 =  
𝑁𝑠

𝑁𝑝 
 𝑉𝑝𝑟𝑖 

𝑉𝑠𝑒𝑐 =  
𝑁𝑠

𝑁𝑝
 𝑉𝑖𝑛 

𝐷

1 − 𝐷
 

Similarly, for the voltage of charge-pump capacitor 

and clamp capacitor Cc can be expressed as –  

𝑉𝑐𝑝 = 𝑉𝑐𝑐 = 𝑉𝑖𝑛 
1

1 − 𝐷
 

Where, the term D is the duty ratio and defined as 

the ratio of the on time of the switch to the total switching 

period. 

 

Fig. 2: Simplified voltage loop when output diode is on 

According to the fig2 the voltage conversion ratio 

can be derived as –  

𝑉𝑜

𝑉𝑖𝑛
=  (2 + 

𝑁𝑠

𝑁𝑝
−  𝐷) (1 − 𝐷)⁄  

B. Simplified Multilevel Inverter Stage  

Increasing demand for industrial power converters and some 

of interesting advantages of multilevel inverters such as low 

distortion in output voltage, low harmonic and 

electromagnetic interference attracted researcher attention. 

Up to now, several topologies of multilevel inverter are 

present. Fig 3 shows the simplified multilevel inverter with 

six power switches, where as in CCHB inverter for the same 

five-level circuit eight power switches is used. In this 

topology switching signals is generated with the help of 

Phase-disposition(PD) pulse-width modulation (PWM) 

control scheme which produce five output voltage level-0, 

Vs, 2Vs, -Vs, -2Vs. 

The modulation strategy and its implemented logic 

schemes is shown in fig5(a),(b). In this simplified topology 

we use only two carrier signals and one reference to 

generate PWM signals for the switches Sa1, Sb1, Sa3, Sb3. 

A Comparator is used for zero-crossing detection to provide 

line-frequency switching signals for switches Sa2 and Sb2. 

 

                     Fig. 3: Basic five-level inverter circuitry. 

Table I listed switching combination that generated 

the required five output levels. 

 

 

Fig. 4: Single-phase multistring five-level inverter topology. 

The switching function of switches in fig3 is 

defined as follows:- 

𝑆𝑎𝑗 =  {
1, 𝑆𝑎𝑗 𝑂𝑛

0, 𝑆𝑎𝑗 𝑂𝑓𝑓
 , 𝐽 = 1,2,3. 

𝑆𝑏𝑗 =  {
1, 𝑆𝑏𝑗 𝑜𝑛

0, 𝑆𝑏𝑗 𝑂𝑓𝑓
 , 𝑗 = 1,2,3. 
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The two voltage source feeding from the high step up 

converter is controlled at 180 volts i.e. Vs1 = Vs2 = 

180volts.The switch voltages of switches Sa1, Sa2, Sa3, 

Sb1, Sb2 and Sb3 are shown in fig 6. The voltage stress of 

switches Sa1, Sb1, Sa3, Sb3 are all equal to 180 volts, and 

only the other two switches Sa2, Sb2 must be 360V voltage 

stress.   

 

(a) 

 
(b) modulation logic 

                             Fig. 5: Modulation strategy 

 
Fig. 6: simulated waveforms of switch voltage for inverter. 

C. Comparison with CCHB Inverter 

Fig7 shows the five-level inverter topology for CCHB 

inverter. The comparison between CCHB and simplifies 

multilevel inverter is explained in the following points:- 

(1) In CCHB eight switches is used where as in 

Simplified inverter only six switches is used. 

(2) In CCHB all the switches are operated with high 

frequency, but on the other hand only four switches 

are operated at high frequency. The other two is 

operated at under line frequency. 

(3) In CCHB  voltage stress on Sa1-Sa4 and  Sb1-Sb4 

is equal to Vs, but on the other hand the voltage 

stress on simplified inverter switches 

Sa1,Sa3,Sb1,Sb3 is equal to Vs and Sa2,Sb2 

having 2Vs. 

(4) The Total Harmonics Distortion (THD) of 

simplified five-level inverter without filter is 0.281 

and with filter it is 0.12, where as in CCHB 

inverter topology the THD is greater than 

simplified inverter topology. 

 
Fig. 7: Five-level inverter topology of CCHB inverter [2]. 

 

Fig. 8: Five-level output waveform and THD without filter. 

Fig. 9: Five-level output waveform and THD with filter. 
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III. CONCLUSION 

This paper reports a substantial saving of switching devices 

used for a single phase multistring multi-level inverter 

topology which is required to implement multilevel outputs 

for DER’s. This paper also shows that the simplified multi-

level inverter is more advantageous then CCHB inverter 

topology such as lower THD, lower EMI, improved output 

waveforms. The Simulation study shows the effectiveness of 

simplified multi-level inverter topology. 
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