
  EIJO Journal of Engineering, Technology And Innovative Research (EIJO–JETIR) 
Einstein International Journal Organization (EIJO)   
Available Online at: www.eijo.in 
Volume – 2, Issue – 2,  March - April  2017, Page No. :  06 - 17 

  

Corresponding Author: DR. K. Jaghannath, EIJO Volume – 2, Issue – 2,  March - April  2017, Page No. :  06 -17 
  

ISSN: 2455 - 9172 

 

 

Pa
ge

 6
 

A Nine Level Inverter Using Solar Power Generation 
                    S.Susmitha, R.Amith Raj, V.Sai Ram, P.Raju   

                   
1B.Tech scholars, Dept of EEE, SVS Institute of Technology, Hanamkonda, Warangal, T.S, India 

 
Dr. K. Jaghannath 

2Assistant Professor, Dept of EEE, SVS Institute of Technology, Hanamkonda, Warangal, T.S, India 
Abstract   

This paper proposes a new Nine Level Inverter for a photovoltaic system. The nine- level inverter is configured using a 

capacitor selection circuit and a full-bridge power converter, connected in cascade. Since the output of PV array is very 

low, a DC –DC converter is used to boost the output of PV array. The DC-DC power converter consists of DC-DC boost 

converter and a transformer to convert the output voltage of the PV array into three independent voltage sources with 

multiple relationships.  

The capacitor selection circuit in the nine-level inverter converts the three output voltage sources of DC–DC power 

converter into a four-level DC voltage, and the full-bridge power converter further converts this four-level DC voltage 

into a nine-level AC voltage. In this way, the proposed system can generates a sinusoidal output current that is in phase 

with the utility voltage and is fed into the utility. The salient features of the proposed nine-level inverter are that only 

seven power electronic switches are used. The proposed concepts have been verified by MATLAB simulations. 

Keywords: Distribution System, Multilevel inverter.

1. Introduction 

Now a day, there is a large scarcity of electric energy in our world and at the same time the demand is also increases. 

Many distributed power system have been developed to meet this high demand by using renewable energy resources like 

solar systems, wind energy systems and other distributed energy resources[1]. Photovoltaic technology currently being the 

most popular solar power technology gives rise to a reliable DC power generation source. The solar energy is becoming 

more important because it produces less pollution. The cost of fossil fuel is increasing, while the cost of solar arrays is 

decreasing. Recently small capacity distributed power generation systems using photovoltaic energy may be widely used 

in residential applications [2].  

Photovoltaic system is interconnected to a grid through two power stages, dc-dc converter and dc-ac converter [3]-[4]. 

Power electronic converters, especially dc/ac PWM converters have been extending their range of use in industry because 

they provide reduced energy consumption, better system efficiency, improved quality of product, good maintenance and 

so on. T 

he output voltage of a PV array is low; a dc–dc power converter is used in a solar photovoltaic system to boost the output 

voltage. Fig.1 shows the power conversion process. It should be insure that there is no waste of the energy generated by 

the PV array because of the important of power conversion efficiency of the power conversion interface. There are mainly 

two power losses such as conduction losses and switching losses [4].  
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Conduction loss is due to the use of active devices, and the switching loss is proportional to the voltage changes and the 

current changes for every switching and switching frequency. For a multilevel inverter, the voltage change in each 

switching operation is reduced for improving its power conversion efficiency and the switching stress of the active 

devices [6]-[14].Multi-level power converter is used to provide more than two voltage levels for achieving less distorted 

and smoother dc to ac power conversion and it can generate a multiple step voltage waveform with less switching 

frequency and higher efficiency.  

A multilevel inverter is a power electronic device that generates a desired output voltage from several levels of dc 

voltages as input [16]. When the number of input dc voltage sources is increases, the output voltage waveform approaches 

a nearly sinusoidal waveform. The main advantages of multi level inverter are its higher output quality, lower harmonic 

component, better electromagnetic computability, and lower switching losses [6]. There are different multilevel inverter 

topologies have been proposed.  

The two most common topologies are the cascaded H bridge inverter [10], [15] and the Diode-clamped inverter [7]-[9]. 

The main advantage of both these topologies is that the rating of the switching devices is highly reduced to the rating of 

each cell. But the main drawback of these inverters are they require large number of switching devices which equals 2(N-

1) where N is the number of levels. This number of switches is very high and which may increases the circuit complexity, 

and reduce its efficiency.  

In cascaded Hbridge inverter, the dc link voltage unbalancing problem does not occur, thus easily expanded to multilevel. 

Due to these advantages, cascaded H-bridge inverter has been widely applied to applications such as HVDC, SVC, 

stabilizers, and high power motor drives. Apart from these, a multilevel power converter has been introduced as an 

alternative for high power and medium voltage situations such as laminators, mills, conveyors, pumps, fans, compressors 

and so on. Multilevel converter not only achieves high power ratings, but also enables the use of 

low power application in renewable energy sources such as photovoltaic, wind and fuel cells which can be easily 

interfaced to a multilevel converter system for a high power application [16]. 

This paper proposes a new Nine Level Inverter for a photovoltaic system. The nine level inverter is configured using a 

capacitor selection circuit and a full-bridge power converter, connected in cascade. The inverter contains only seven 

power electronic switches, which simplifies the circuit configuration. 

The proposed inverter reduced the switching losses (because of all switches operate with fundamental frequency), 

complexity and control circuit. The output voltage of a PV array is low; a dc–dc power converter is used to boost the 

output voltage of the PV array. The output waveforms of multilevel inverters are in a stepped form; therefore they have 

reduced harmonics compared to a square wave inverter. 

2. Study of Proposed System 

The proposed photovoltaic system is composed of a PV array, a dc–dc power converter, and a new nine-level inverter. 

Fig.2. shows the configuration of the proposed photovoltaic system. The PV cell array is connected to the dc–dc power 

converter. The dc–dc power converter is a boost converter that incorporates a transformer with a turn’s ratio of 2:1:1.The 

dc–dc power converter converts the output power of the PV array into three independent voltage sources with multiple 
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relationships, which are supplied to the nine-level inverter.This new nine-level inverter is composed of a capacitor 

selection circuit and a full-bridge power converter, connected in a cascade.  

The power electronic switches of capacitor selection circuit determine the discharge of the three capacitors and the three 

capacitors are being discharged individually or in series. Due to the multiple relationships between the voltages of the dc 

capacitors, the capacitor selection circuit outputs a four level dc voltage. The full-bridge converter converts this four -level 

dc voltage to a nine-level ac voltage that is synchronized with the utility voltage.  

In this way, the proposed photovoltaic system generates a sinusoidal output current that is in phase with the utility voltage 

and is fed into the utility, and therefore, the power factor become unity. The main advantage of this new nine-level 

inverter is that it contains only seven power electronic switches, therefore power circuit is become simplified. 

 
Figure 1: Configuration of the proposed photovoltaic system 

2.1. DC–DC Power Converter 

The DC-DC converters can be used as switching mode regulators to convert an unregulated dc voltage to a regulated dc 

output voltage. The regulation is normally achieved by PWM at a fixed Frequency and the switching device is generally 

BJT, MOSFET or IGBT.  
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There are several different types of dc-dc converters, buck, boost, buck-boost and cuk etc. Buck converters will produce 

ripples on the PV module side currents and thus require a larger value of input capacitance on the module side. On the 

other hand, boost Converters produces low ripple on the PV module side, so in this experimental work, boost converter is 

used to verify the outputs. Here the DC–DC power converter consists of a boost converter and a current-fed forward 

converter.  

A boost converter is a switch mode power supply that has an output voltage higher than its input voltage. The switching in 

a boost converter is done through a MOSFET or IGBT. When the switch is closed the current flows in the first loop only, 

and the current through the inductor grows. The switch then opens, and the voltage across the inductor and the input 

combine in series to charge up the output capacitor to a higher voltage than the input. 

In the proposed system, boost converter is consists of an inductor LD, a power electronic switch SD1 and a diode 

DD1.The boost converter charges capacitor C1 of the nine-level inverter. The current-fed forward converter is consists of 

an inductor LD , power electronic switches SD1 and SD2, a transformer, and diodes DD2 , DD3 and DD4.  

The current-fed forward converter charges capacitor C2 and C3 of the nine-level inverter. Fig. 2(a) and fig.2 (b) shows the 

operating circuit of the dc–dc converter when SD1 is turned ON and SD1 is turned OFF respectively. When SD1 is turned 

on, the PV cell array C3 are charged in parallel by using the transformer, the voltage ratio of capacitors is the same as the 

turn ratio (2:1:1) of the transformer.  

Therefore, the voltages of C1, C2 and C3 have multiple relationships. The voltage of C1 , C2 and C3can be represented as 

supplies energy to the inductor LD . When SD1 is turned OFF, then SD2 is turned ON and the energy of inductor LD and 

the PV array charge capacitor C1 through diode DD1 and charge capacitor C2 and C3through the transformer and diode 

DD3 and DD4 respectively.  

Since capacitors C1, C2 and C3 are charged in parallel by using the transformer, the voltage ratio of capacitors is the same 

as the turn ratio (2:1:1) of the transformer. Therefore, the voltages of C1, C2 and C3 have multiple relationships. The 

voltage of C1, C2 and C3can be represented as 

 

 
Where Vs is the output voltage of PV array and D is the duty ratio of switch Sd1. 
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Figure 2:  Operation of DC-DC power converter: (a) SD1 is ON and (b) SD1 is OFF. 

The magnetizing inductance of the transformer is increases when SD2 is ON. Conventionally, the forward converter 

requires a third demagnetizing winding in order to discharge the energy stored in the magnetizing inductance back to the 

source. But, in the proposed dc–dc converter, when SD2 is turned OFF, the energy stored in the magnetizing inductance is 

delivered to capacitor C1 through DD2 and SD1 and not back to the dc source, the power efficiency is improved. And also 

the charging circuits for capacitors C1, C2 and C3are integrated, so the power circuit is simplified. 

2.2. Nine-Level Inverter 

The nine-level inverter is consists of a capacitor selection circuit and a full-bridge power converter, which are connected 

in cascade. The operation of the nine level inverter can be divided into the positive half cycle and the negative half cycle 

of the utility. For the analysis, the power electronic switches and diodes are assumed to be ideal. Let Vdc be the total 

output voltage of the DC-DC converter. The voltages of capacitors C1, C2 and C3 in the capacitor selection circuit are 

constant and equal to 2Vdc /4, Vdc /4 and Vdc /4 respectively. The operation of the nine-level inverter in the positive half 

cycle of the utility can be further divided into five modes, as shown in Fig. 3. 
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Figure 3: Operation of the nine-level inverter in the positive half cycle 

(a)mode 1,(b) mode 2, (c) mode 3, (d) mode 4 and (e) mode 5 

Mode 1: The operation of mode 1 is shown in Fig. 3(a) All the switches of the capacitor selection circuit are OFF, so C3 

is discharged through D1and the output voltage of the capacitor selection circuit is Vdc /4 and S1and S2 of the full-bridge 

power converter are ON. At this point, the output voltage of the nine-level inverter is directly equal to the output voltage 

of the capacitor selection circuit, which means the output voltage of the ninelevel inverter is Vdc /4. 

Mode 2: The operation of mode 2 is shown in Fig. 3(b). In the capacitor selection circuit, SS2 is ON, SS1 and SS3 are 

OFF. So C1 is discharged through SS2, D2 and D3 and the output voltage of the capacitor selection circuit is 2Vdc /4 and 

S1 and S2of the full-bridge power converter are ON. At this point, the output voltage of the nine-level inverter is 2Vdc /4. 

Mode 3: The operation of mode 3 is shown in Fig. 3(c). In the capacitor selection circuit, SS1 is ON, SS2 and SS3 are off. 

Both C1and C2are discharged in series and the output voltage of the capacitor selection circuit is 3Vdc /4 and S1 and S2of 

the full-bridge power converter are ON. At this point, the output voltage of the ninelevel inverter is 3Vdc /4. 

Mode 4: The operation of mode 4 is shown in Fig. 3(d). In the capacitor selection circuit, SS1 and SS3 are ON,SS2 is off. 

Capacitors C1, C2 and C3 are discharged in series and the output voltage of the capacitor selection circuit is Vdc and S1 

and S2of the full-bridge power converter are ON. At this point, the output voltage of the nine-level inverter is Vdc . 
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Mode 5: The operation of mode 5 is shown in Fig. 3(e). All the switches of the capacitor selection circuit are OFF. The 

output voltage of the capacitor selection circuit is Vdc /4. Only S2 of the full-bridge power converter is ON. Since the 

output current of the nine-level inverter is positive and passes through the filter inductor, it forces the anti parallel diode of 

S4 to be switched ON for continuous conduction of the filter inductor current. At this point, the output voltage of the nine- 

level inverter is zero. Therefore, in the positive half cycle, the output voltage of the nine-level inverter has five levels: Vdc 

, 3Vdc /4, 2Vdc /4 , Vdc /4 and 0. 

In the negative half cycle, the output current of the nine-level inverter is negative. The operation of the ninelevel inverter 

can also be divided into five modes, as shown in Fig.4. The operation of the capacitor selection circuit in the negative half 

cycle is the same as that in the positive half cycle.  

The difference is that S3 and S4 of the full-bridge power converter are ON during modes 6, 7, and 8, 9 and S4 is also ON 

during mode 10 of the negative half cycle. Therefore, the output voltage of the capacitor selection circuit is inverted by 

the full-bridge power converter, so the output voltage of the nine-level inverter also has five levels: -Vdc , -3Vdc /4, -

2Vdc /4, -Vdc /4 and 0.Therefore, the output voltage of the nine-level inverter has the voltage levels: Vdc , 3Vdc /4, 2Vdc 

/4, Vdc /4, 0, -Vdc /4, -2Vdc /4, -3Vdc /4,- Vdc . 

 
Fig.4. Operation of the nine-level inverter in the negative half cycle 

(a)mode 6,(b) mode 7, (c) mode 8, (d) mode 9 and (e) mode10. 
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Since only seven power electronic switches are used in the proposed nine-level inverter, the power circuit is significantly 

simplified compared with a conventional nine level inverter. It can be seen that the change in the output voltage of the 

nine-level inverter for each switching operation is Vdc/4, so switching power loss is reduced. 

3. Simulation Results And Analysis 

The simulation and verification of Nine- Level Inverter technique is done in Matlab/ /Simulink Software. 

The multilevel inverters are used as voltage source inverters (VSIs) in the static synchronous compensator (STATCOM), 

a reactive power compensating device used for voltage regulation in power systems.[9] There are mainly three types of 

multilevel inverters, Diode- Clamped, Flying Capacitor and Cascade Multilevel Inverter (CMLI).  

Among these three, CMLI has a modular structure and requires least number of components as compared to other two 

topologies, and as a result, it is widely used for many applications in electrical engineering. [12-15]To produce multilevel 

output ac voltage using different levels of dc inputs, the semiconductor devices must be switched on and off in such a way 

that the fundamental voltage is obtained as desired along with the elimination of certain number of higher order harmonics 

in order to have least harmonic distortion in the ac output voltage.[16-17] The proposed nine level inverter is simulated 

using MAT LAB. 

 
Figure 5: Simulation Diagram of nine level inverter 
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Figure 6: Output Voltage Wave Form of Nine Level Inverter 

 

TABLE 1 Comparison of Different Multilevel Inverter Switches 

 Number of Switches 
 

Inverter Type  5- 
level  

7- level  9- 
level  

11- level  

Cascaded  
H Bridge  

8  12  16  20  

Proposed method   6  8  10  12  
% Switching 
Reduction  

25 %  33.3%  37.5%  40%  

% Harmonic 
Reduction  

30.26 25.14 20.18 18.24 
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According to the states of power electronic switches, different control pulses can be generated for a time period of 20ms 

(frequency 0f 50Hz). 

First pulse shows the gate signal for S1 and S2 in the nine level inverter. When S1 and S2 are ON, at that time S3 and S4 

are OFF. In the positive half cycle, S1 and S2 are ON and in the negative half cycle S3 and S4 are ON. Second pulse 

shows the gating signal for S3 and S4. 

Switching pulses of Ss1, Ss2 and Ss3 are determines the different voltage levels in the nine-level inverter. Third figure 

shows the gating signal for Ss2. When Ss2 is ON, the output voltage becomes 2Vdc /4 and -2Vdc /4. Fourth figure shows 

the gating signal for Ss1. When Ss1 is ON, the output voltage becomes 3Vdc /4 and -3Vdc /4. Fifth figure shows the 

gating 6 signal for Ss3. When Ss3 is ON, the output voltage becomes Vdc and -Vdc. 

4. Conclusion 

This paper is based on a Nine-Level Inverter for a photovoltaic system. The DC energy generated by the photovoltaic 

system is converted to AC energy and that is fed into the utility grid. Due to the low output voltage of the PV system, a 

DC-DC converter is used to boost the output voltage, so it can be match the DC output voltage of the inverter.  

Then a nine-level inverter is used to convert this DC voltage into AC voltage and fed into utility.The nine level inverter is 

configured using a capacitor selection circuit and a full-bridge power converter, connected in cascade. The capacitor 

selection circuit consists of three capacitors and they charged in parallel by using a transformer and the voltage ratio of the 

capacitors is the same as the turn’s ratio of the transformer. So the power circuit is simplified.  

Because of the multiple relationships between the voltages of the dc capacitors, the capacitor selection circuit outputs a 

four-level dc voltage.The nine level inverter further converts this four -level dc voltage to a nine-level ac voltage that is 

synchronized with the utility voltage. The inverter contains only seven power electronic switches, which simplifies the 

circuit configuration.  
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As compared to ordinary inverter, the voltage change in each switching operation for a multilevel inverter is reduced, so 

that the proposed inverter reduces the switching losses, complexity of the circuit. The output waveforms of multilevel 

inverters are in a stepped form; therefore they have reduced harmonics compared to a square wave inverter. 
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