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Abstract: 

A PWM seven-level inverter with an effective circuit configuration for grid-connected photovoltaic systems, that can increase the 

number of output voltage levels with a reduced number of circuit components. The proposed seven -level PWM inverter consists 

of a single voltage source with a series of capacitors, diodes and active switches for synthesizing output voltage levels, and an H-

bridge cell. After theoretical analysis, the simulat ion is done using MATLAB Simulink to verify the proposed approach. Also, 

here a modified switching s trategy is introduced to solve the capacitor voltage unbalancing that occurs in series -connected 

capacitors. This configuration is suitable for low and medium power applicat ions. 
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I.  INTRODUCTION  

 

Multilevel inverters are promising; they have nearly    

sinusoidal output voltage waveforms, output current with 

better harmonic profile, less stressing of electronic components 

owing to decreased voltages, switching losses that are lower 

than those of conventional two-level inverters, a smaller filter 

size, and lower EMI, all of which make them cheaper, lighter, 

and more compact. Various topologies for multilevel inverters 

have been proposed over the years. Common ones are diode 

clamped, fly ing capacitor, cascaded H-bridge, and modified H-

bridge mult ilevel inverter. Cascaded H-bridge multilevel 

inverter (CHB) is one of the best approaches to increase the 

number of output voltage levels. However, when a CHB 

increases the H-bridge cells, it also increases the number of 

switches and independent input dc voltage sources. Use of 

series-connected capacitors is a useful way to min imize the 

number of independent dc voltage sources when it increases 

the number of output voltage levels but the capacitor voltage 

unbalancing problem occurs. Application of multilevel 

inverters for higher power purposes in industries has become 

more popular. Th is is partly because of high-quality output 

waveform of mult ilevel inverters in comparison with two-level 

inverters.. The proposed mult ilevel inverter uses reduced 

number of switching devices. Special attention has been paid 

to obtain optimal structures regarding different criteria such as 

number of switches, standing voltage on the switches, number 

of dc voltage sources, etc.[1]. In conventional multilevel 

inverters, a cascaded H-bridge mult ilevel inverter (CHB) is one 

of the best approaches to increase the number of output voltage 

levels due to modularization and easy expansion [2]. However, 

it needs a front-end transformer to obtain independent dc 

voltage sources. To overcome this problem, transformer less 

circuit topologies are presented in [3]-[6]. Usually, these kinds 

of mult ilevel inverters were modified and developed from the 

CHB. In [3], a packed U-cell multilevel inverter was presented. 

It shows very good performance in the reduction of circuit  

components. However, it increases conduction losses when it 

generates each voltage level because the circulating current 

passes through three switching devices in each level 

generation. Moreover, the voltage across the capacitor has big 

ripples, although it uses a bulky capacitor of 5000 μF. 

Multilevel inverters employing bidirectional switches and 

series-connected capacitors were proposed in [4]. A multilevel 

inverter using switched series/parallel dc voltage sources was 

introduced in [5]. Although it can increase the number of 

output voltage levels, the switching pattern is complex, and it 

increases conduction losses. A photovoltaic mult ilevel inverter 

using series-connected capacitors was investigated in [6]. It  

does not explain how to balance the capacitor voltage, 

although the dc-link voltage is controlled by the frontend boost 

converter. 

 

II. PROPOS ED S EVEN-LEVEL PWM INVERTER  

 
A. CIRCUIT CONFIGURATION 

 

Fig.1 shows the circuit configuration of the proposed seven-

level PWM inverter. It has a single dc voltage source, which is 

divided by three capacitors connected in series. Assuming that 

all components are ideal and the circuit is in  steady state, each 

capacitor voltage is equal to Vdc/3. Then, we can obtain seven-

levels in the output voltage wave, i.e., Vdc, 2Vdc/3, Vdc/3, 0, 

−Vdc/3, −2Vdc/3, and −Vdc. The switches in an H-bridge cell 

(S1∼S4)work to determine the polarity of the output voltage 

with the highest (or lowest) voltage level, i.e ., Vdc (or −Vdc). 

Other voltage levels are generated by S5, S6, and S7.  
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Figure.1. Circuit configuration of the proposed seven-level PWM inverter. 

 

B.GENERATION OF OUTPUT VOLTAGE LEVELS  

        

 It is possible to obtain seven-levels in the output voltage wave, 

i.e., Vdc, 2Vdc/3, Vdc/3, 0, −Vdc/3, −2Vdc/3, and −Vdc. The 

switches in an H-bridge cell (S1∼S4)  determine the polarity of 

the output voltage Vdc (or −Vdc).Other voltage levels are 

generated by S5, S6, and S7.For better understanding, every 

current path for generating seven levels is given in Fig.2. 

 

 Level Vdc: Fig.2(a) shows a current path when the output 

voltage is Vdc. Three capacitors connected in series supply 

energy to the output load. It discharges through S1 and S4. 

If a load is an inductive load and the direction of the load 

current is opposite, the current flows through DS1 

andDS4, and it charges the capacitor stack, as given in 

Fig.2 (h).  

 

 Level 2Vdc/3: Fig.2 (b) shows a current path when the 

output voltage is 2Vdc/3. Two capacitors C2 and C3 feed  

the output load. It discharges through S5, D1, and S4. 

When the direction of the load current is opposite, there is 

no current path under this switching state. At this time, the 

load current flows through DS1 and DS4, and it charges 

the capacitor stack, as given in Fig.2(h). Regardless of the 

load current flows, the output voltage is clamped as  the 

2Vdc/3 level by the switching state given in Fig.2(b). 

 

 Level Vdc/3: Fig.2(c) shows a current path when the 

output voltage is Vdc/3. The lower end capacitor (C3) 

supplies energy to the output load. It discharges through 

DS6, S7, D1, and S4. If the direction of the load current is 

opposite, the load current flows through D2, S7, DS5, and 

DS4, as shown in Fig.2 (i).  

 

 Level 0: To generate a zero level, two switching schemes 

can be considered. The basic idea to generate a zero level 

is voltage cancelation. Fig.2(d) shows a current path when 

it synthesizes a zero level. When S2 and S4 turn on 

simultaneously, the output voltage becomes zero. The 

other method is to turn S1 and S3 on at the same time. 

When the direction of the load current is opposite, the 

current will flow, as shown in Fig.2(j). 

 

 Level −Vdc/3: Fig.2(e) shows a current path when it 

produces the −Vdc/3 level. The upper capacitor (C1) 

supplies energy to the output load. If the direction of the 

load current is opposite, the current flows, as shown in 

Fig.2(k). 

 

 Level −2Vdc/3: Fig.2(f) shows a current path when the 

output voltage is 2Vdc/3. Two capacitors C1 and C2 

supply energy to the output load. When the load current 

reverses, it flows through DS2 and DS3, as given in 

Fig.2(l). Regardless of the load current flows, the output 

voltage sustains the −2Vdc/3 level by the switching state 

given in Fig.2(f). 

 

 Level −Vdc : Fig.2(g) shows a current path when the 

output voltage is −Vdc. Three capacitors connected in 

series supply energy to the output load. If the load current 



International Journal of Engineering Science  and Computing, January 2017         4085                                                               http://ijesc.org/ 

is opposite, the current flows through DS2 and DS3, and it 

charges the capacitor stack, as given in Fig.2(l). 

 

Figure.2. Generation of each output vol tage level and load current path. (a) Vdc. (b) 2Vdc/3. (c) Vdc/3. (d) 0. (e) −Vdc/ 3. 

(f) −2Vdc/3. (g ) −Vdc. (h) Opposite current flow at the Vdc and 2Vdc/3 levels. (i) Opposite current flow at the Vdc/3 

level.(j) Opposite current flow at the zero level. (k) Opposite current flow at the −Vdc/3 level. (l) Opposite current flow at 

the −Vdc level. 

 

C.MODIFIED SWITCHING SCHEME  

     

Here, a  modified pulse width modulation control scheme is 

introduced to solve the capacitor voltage unbalancing that 

occurred in series connected capacitors. A general phase-

disposition switching scheme is used for controlling the 

proposed seven-level PWM inverter. It uses a reference and 

three carrier waves, which have the same frequency and 

amplitude but different offset voltages. Fig.3 shows a general 

phase-disposition switching scheme for controlling the 

proposed seven-level PWM inverter. 

 

        Table I lists the switching patterns for generating seven 

output voltage levels. By comparing the reference and each 

carrier wave, it produces command signals (Ca, Cb, and Cc). 

As shown in Table I, when Vcar1 and Vcar2 are lower than 

vref , Ca, and Cb become 1, and Vcar3 is 1 when it is higher 

than vref . One cycle of the reference voltage is divided into 

six modes according to the output voltage levels, and the 

corresponding period (Pn) for each mode is determined by (1) 

to (6). 

 

Mode 1: P1 =0 < ωt < θ1 and P5 = θ4< ωt < π       (1) 

Mode 2: P2 =θ1< ωt < θ2 and P4=θ3 < ωt < θ4       (2) 

Mode 3: P3 =θ2 < ωt < θ3              (3) 

Mode 4: P6 =π< ωt< θ5 and P10=θ8< ωt  < 2π        (4) 

Mode 5: P7 =θ5< ωt < θ6 and P9=θ7< ωt < θ8       (5) 

Mode 6: P8 =θ6 < ωt < θ7.         (6) 

 

By the logical combination of Ca, Cb, Cc, and Pn, it generates 

switching signals (Sn). The period (Pn) of each mode varies in  

terms of switching angle θn, which is determined by the 

modulation index (Ma). 

 
Figure.3. S witching pattern for generating the seven-level  

PWM output Voltage. 

 

By using logical expressions AND, OR, and NOT, each  

switching signal is determined by (7) to (13).  

 

S1 =Ca · (P6 + P10) + Cc · P3      (7) 

S2 =Ca · (P1 + P5) + Cc · P8      (8) 

S3 =P6 + P7 + P8 + P9 + P10      (9) 

S4 =P1 + P2 + P3 + P4 + P5    (10) 
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S5 =Cb · (P2 + P4) + Cc · P3    (11) 

S6 =Cb · (P7 + P9) + Cc · P8    (12) 

S7 =Ca · (P1 + P5 + P6 + P10)+ 

Cb · (P2 + P4 + P7 + P9).                                             (13) 

 

To solve the capacitor voltage unbalancing, we introduce a 

modified switching pattern for the proposed multilevel 

inverter. The main idea is to regulate the charging and 

discharging rate of capacitor C2. It ensures the voltage 

regulation of C2 and the voltage balance of the upper and 

lower capacitors. Because C2 locates between C1 and C3, the 

charging and discharging current of C1 and C3 should flow 

through C2. 

 

TABLE. I.OUTPUT VOLTAGE LEVELS ACCORDING 

TO THE  

SWITCHING S TATE 

 
 

Thus, the voltage regulation of C2 is directly related to the 

voltage regulation across C1 and C3. Fig.4 shows the modified 

control method for regulating the C2 voltage. It controls the 

amplitude of the carrier wave (Vcar2), which is compared with 

the reference (Vref ). The range of the amplitude is determined by  

 

Vcar1_max =Vcar2_min ≤ ΔVcar2 ≤Vcar2_max 

= Vcar3_max.       (14) 

 

 
Fig.4. Modified control scheme for capacitor voltage 

balancing.(a) Variation of Cb according to the amplitude of 

Vcar2. (b) Geometrica l relation between the carrier wave 

(Vcar2) and the reference (vref ). 

 

III. SIMULATION RES ULTS  

 

The mult i-level inverter system is a very promising device in 

AC power drives when both reduced content and high power 

are required. Up to now several multilevel topologies have 

been introduced. The main topologies are diode clamped  

inverter, flying capacitor inverter, hybrid H-bridge inverter in  

order to generate a high voltage waveform using low voltage 

devices. H-bridge inverter requires the least number of 

components to achieve the same number o f voltage levels and 

H-bridge inverters does not require any extra clamping diodes 

or voltage balancing capacitors. Optimized circuit layout and 

packaging are possible in H-bridge multi-level inverter 

because each level has the same structure. The general 

structure of the H-bridge multi-level inverter is to synthesize a 

near sinusoidal voltage form several levels of DC voltages. As 

the number of levels are increased, the synthesize output 

waveform has more steps which produce a staircase wave that 

approaches the desired waveform. A lso, as the steps are added 

to the waveform the harmonic distortion of the output wave 

decreases. Table II shows the specifications for simulat ion. 

 

TABLE.II. SPECIFICATIONS OF THE S IMULATION 

 
 

B. OPEN LOOP SIMULATION OF PROPOSED SEVEN-

LEVEL PWM  INVERTER 

 

To verify the validity of the proposed seven-level PWM 

inverter, we carry out computer-aided simulations using 

MATLAB Simulink. Fig.5. shows the Proposed seven-level 

PWM inverter simulation model. 

 

 
 

Figure.5.Proposed seven-level PWM inverter simulation            

model  

 

Fig.6 shows the switching signal generation for controlling  

the proposed seven-level PWM inverter.  



International Journal of Engineering Science  and Computing, January 2017         4087                                                               http://ijesc.org/ 

 
 

Figure.6. S witching signal generation for the proposed 

seven-level PWM inverter. 

 
C. SIMULATION RESULTS 

                   

The switching signals generated for controlling the seven-level 

PWM inverter is obtained as shown in Fig.7 

 

 
Figure.7. S witching signals for the proposed seven-level  

PWM inverter. 

 

The input and output voltage waveforms are shown in Fig.8 

and Fig.9  respectively. 

 

 
Figure.8. Input voltage to the proposed seven-level PWM 

inverter. 

 

 
Figure.9. Output vol tage (Vout) with seven levels using 

modified s witching method. 

D. CLOSED LOOP SIMULATION 

 

The Closed loop simulation of the inverter uses a boost 

converter controlled using  a PI controller. The input to the 

inverter needs to be a constant voltage output from the solar 

panel, however, the changes in intensity and temperature of 

sunshine causes variations in voltage level. Thus using a 

controller and a boost converter we can control the voltage 

variations and the input voltage to the inverter could be of a 

constant value. Fig.10 and Fig.11 shows the simulation model 

of the Closed loop control and boost converter respectively. 

 

 
Figure.10. Closed loop simulation model.  

 

 
Figure.11. Boost converter and PI controller 

implementation. 

 

IV. CONCLUS ION 

 

The proposed multilevel PWM inverter that can effectively 

increase the number of output voltage levels with a single dc 

voltage source. In order to synthesize the seven-level output 

voltage, the proposed mult ilevel inverter needs a single dc 

voltage source with a series connection of three capacitors, two 

diodes, three active switches for synthesizing the output 

voltage levels, and an H-bridge cell. After theoretical analysis, 

simulations are carried out to verify the validity of the 

proposed approach. Here, a modified switching scheme is used 

to solve the voltage unbalancing that occurred in the series -
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connected capacitors. On comparing the number of main  

components, and THD with previous multilevel inverters , it  

can be claimed that the proposed seven-level PWM inverter 

can be a good candidate, which can substitute for the 

conventional PWM inverters in the power rating of a common 

use. Future work aims in development of multilevel inverters 

with higher levels of output voltage and minimized number of 

switches with lower THD values. Also the Photovoltaic source 

is used as a single dc input to the inverter system can be further 

improved using MPPT algorithms. 
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