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Abstract: The given paper presents the hardware design
and implementation micro-controller based single phase
seven level inverter for Photo- Voltaic application. The input
to the given inverter is a DC source (Vdc) and it is capable of
producing output of seven level (Vdc, 2Vdc/3, Vdc/3, 0, -
Vdc, -Vdc/3, -Vdc/3). The switching devices used are IRF840
MOSFET and diodes. Control circuit for implementing the H-
bridge inverter is done by using the micro-controller. The
system proposed in given paper is having lesser number of
switching devices which reduces the complexity of the circuit
and a simple control circuit is employed using the micro-
controller. The multi level inverters provides nearly
sinusoidal output waveform, output current with refined
harmonic profile and switching losses that are less than the
conventional two level inverter and hence smaller filter size
is required. The main application of this system is directly
delivering the Photovoltaic generated energy to the power
system networks by using this seven level inverter (SLI) as
grid connected inverters.

key words: multi-level inverter (MLI), pulse width
modulation (PWM), Seven level inverter (SLI),  total
harmonic distortion (THD), H-bridge, DC source (Vdc).

1. INTRODUCTION

In the last few years, new energy sources have
proposed and developed due to the dependency and
constant increase of costs of fossil fuels. On other hand,
fossil fuels have a huge negative impact on the
environment. In this context, the new energy sources are
essentially renewable energies. It is estimated that the
electrical energy generation from renewable sources will
increase from 19%, in 2010, to 32%, in 2030, leading to a
consequent reduction of CO2 emission [1]. Among these
renewable energy sources, solar photovoltaic energy is
one of the fastest growing.

In photo voltaic systems, solar energy is converted
into electrical energy by photovoltaic (PV) arrays. PV
arrays are very popular since they are clean, inexhaustible
and require little maintenance. Photovoltaic systems
require interfacing power converters between the PV
arrays and the grid. Photovoltaic-generated energy can be
delivered to power system networks through grid-
connected inverters. A single-phase grid-connected
inverter is usually used for residential or low-power
applications of power ranges that are less than 10 kW [2].

A multi level inverter is a power electronic device
which is capable of providing desired alternating voltage
levels at the output using multiple DC voltage as input.
Various topologies for multilevel inverters have been
proposed over the years [3]. Multilevel inverters are very
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 inverter and hence a
smaller filter size is required, and lower EMI, all of which
make them cheaper, lighter and more compact [4]-[5].
Common topology used are diode-clamped [6]-[11], flying
capacitor or multi-cell [12]-[18], cascaded H-bridge [19]-
[23], and modified H-bridge multilevel[24]-[27]. The
concept of multi level inverter is kind of modification of
conventional two level inverter. In multi level inverter we
do not have to deal with the two level instead in order to
create a smoother output waveform, more than two
voltage levels are combined together.

Multilevel inverters produce a stepped output
phase voltage with a refined harmonic profile when
compared to a two-level inverter. The concept of
multilevel inverters, introduced about 30 years ago, entails
performing power conversion in multiple voltage steps to
obtain improved power quality, lower switching losses,
better electromagnetic compatibility, and higher voltage
capability.

The given paper recounts the development of the
single phase seven level inverter which is having a H-
bridge along with the PWM control technique. The
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inverter used in power stages have the enhancement of the
less switching devices and compact design as compare to
other design of the existing seven level inverter circuit. Fig.
1 shows the block diagram of the single phase seven level
inverter.
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FIG.1 Block Diagram

The input is taken from the Photo Voltaic panel of
10 W which is having rated voltage of 17.85 V. The input
to the multi level inverter should be different valued DC
sources and for this purpose the capacitor voltage divider
circuit is employed. The divider circuit will produce
different voltage levels across it. And for seven level output
we need three different DC input as per the rule of 2n+1,
where 'n' is no. input DC sources.

The structure of this paper is organized as
follows. The introductory part is covered in section I. The
power circuit configuration is presented in section II. Then,
the power circuit operation including the modes of
operation in detail is discussed in section III. Experimental
validation is described in section IV. Last section
concludes and the scope for further work is presented.

2. POWER CIRCUIT

The power circuit is consisting of the rectifier,
filter, capacitor voltage divider circuit, auxiliary switches
and H bridge inverter. Fig. 2 shows the power circuit.
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2.1. Power Circuit Description

A single- phase seven-level inverter (SLI) power
circuit was fabricated using six N-Channel enhancement
mode MOSFET modules type IRF840 from Fairchild
semiconductor. The MOSFET has advantage of nanosecond
switching speeds, lesser power requirement and absence
of secondary breakdown phenomenon. The capacitor
voltage divider circuit is made by using the capacitor C1,
C2 and C3 and each having value of 0.1 pf. Across each
capacitor we will get the Vdc/3 volts.

2.2. Power Circuit Advantages
The advantages are as stated below:

1) Smaller filter size required, Improved output waveform

2) Lower electromagnetic interference (EMI) and total
harmonic distortion (THD).

3) Reduced number of switching devices.
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3. POWER CIRCUIT OPERATION

The given single phase multi level inverter is capable
of producing seven level (Vdc, 2Vdc/3, Vdc/3, 0, -Vdc,
-2Vdc/3, -Vdc/3) in output from the single DC source
(Vdc) in the input.

Voltages
Vdc -
2VdC/3—n\—

vdc/3 -

E

-Vdc/3m=

-2Vdc/3mm

-Vdc ==

FIG.3 Output Of Single Phase Seven Level Inverter

A. Mode I operation: Maximum positive output (Vdc)
S1is ON connecting the load positive terminal to Vdc, and
S3 is ON connecting the load negative terminal to ground.
All other controlled switches are OFF; the voltage applied
to the load terminals is Vdc.

B. Mode Il operation: Two-third positive output (2Vdc /3)
the auxiliary switch S5 is ON, connecting the load positive
terminal, and S3 is ON, connecting the load negative
terminal to ground. All other controlled switches are OFF;
the voltage applied to the load terminals is 2Vdc/3.

C. Mode III operation: One-third positive output (Vdc/3)
the auxiliary switch S6 is ON, connecting the load positive
terminal, and S3 is ON, connecting the load negative
terminal to ground. All other controlled switches are OFF;
the voltage applied to the load terminals is Vdc/3.

D. Mode IV operation: Zero output This level can be
produced by two switching combinations; switches S3 and
S4 are ON, or S1 and S2 are ON, and all other controlled
switches are OFF; load terminal is a short circuit, and the
voltage applied to the load terminals is zero.

E. Mode V operation: One-third negative output (-Vdc /3)
the auxiliary switch S2 is ON, connecting the load positive
terminal and S8 is ON, connecting the load negative
terminal to ground. All other controlled switches are OFF;
the voltage applied to the load terminals is -Vdc/3.

F. Mode VI operation: Two-third negative output
(-2Vdc/3) the auxiliary switch S2 is ON, connecting the
load positive terminal, and S7 is ON, connecting the load

negative terminal to ground. All other controlled switches
are OFF; the voltage applied to the load terminals is
-2Vdc /3.

G. Mode VII operation: Maximum negative output (-Vdc )
S2 is ON, connecting the load negative terminal to Vdc,
and S4 is ON, connecting the load positive terminal to
ground. All other controlled switches are OFF; the voltage
applied to the load terminals is -Vdc.

The given table shows in what sequence the
switching devices should be switch ON and OFF in order to
get the desired seven level output.

TABLE-1: Switching Combination For Seven Level Output

Vo S1 [S2 [S3 [S4 [S5 [S6 [S7 |s8
Vdc ON | Off | ON | Off | Off | Off | Off | Off
2Vdc/3 | Off | Off | ON | Off | ON | Off | Off | Off
Vdc/3 | Off | Off | ON | Off | Off | ON | Off | Off
off ON | Off | ON | Off | Off | Off | Off | Off
-Vdc/3 | Off | ON | Off | Off | Off | Off | Off | ON
-2Vdc/3 | Off | ON | Off | Off | Off | Off | ON | Off
-Vdc Off | ON | Off | ON | Off | Off | Off | Off

4. EXPERIMENTAL VALIDATION

The experimental validation includes the photo voltaic
panel details, control circuit, Driver Circuit, power circuit.

4.1. Photo Voltaic Panel details

Photo voltaic panel of 10 watt is used as the input to the
inverter circuit. Following table provides the detail:

TABLE 2 : PV Module Characteristics

Sr.No Parameter Rating
1 Max Power 10W
2 Short Circuit Current 0.69 A
3 Open Circuit Voltage 21.65V
4 Rated Voltage 17.85V
5 Rated Current 0.62 A

4.2, Control Circuit

The control circuit was implemented by using the
PIC16F877 micro controller. The programming is done by
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using the "C" language. Criteria for choosing the PIC micro
controller is as follows:

1) Meeting the computing needs of the task at hand
efficiently and cost effectively.

2) Availability of software development tools such as
compilers, assemblers and debuggers.

3) Wide availability and reliable sources of the PIC
micro controller.

4.3. Driver Circuit

The driver circuit describes about the isolation
between the power circuit and the control circuit and the
power supplied to the MOSFETs. L293D a 16 pin IC is used
as gate driver circuit. Operating voltage of 5 V is supplied
through the 7805 voltage regulator IC. Four output
terminals are available in L293D IC.

4.4. Power Circuit

A single phase seven-level inverter (SLI) power
circuit was fabricated using six N-Channel enhancement
mode MOSFET modules type IRF840 from Fairchild
semiconductor. The MOSFET has advantage of nanosecond
switching speeds, lesser power requirement and absence
of secondary breakdown phenomenon.

FIG.4 Fabricated Circuit Of Single Phase Seven Level
Inverter

All the technical details are given below:
Micro-controller : PIC16F877

Switching devices : MOSFET IRF840

Diodes (D1-D4) : 1N4007
Regulator IC : 7805, 7812
Capacitor values (C1,C2,C3) : 0.1 uF ceramic type

Driver circuit : L239D
5. EXPERIMENTAL RESULT

Photo voltaic panel of 10 watt is used as input to
the inverter. The results are verified experimentally by
using SLI circuit for 10W solar panel and tested with a
resistive load of 10kQ and 10 W rating.

Figure.5 presents the output voltage waveform
showing the desired seven voltage levels. The fundamental
output frequency is 50Hz. The seven voltage levels are
Vdc=12V, 2Vdc /3 = 8V, Vdc/3 = 4V, OV, -Vdc/3 = -4V, -
2Vdc/3 = -8V, -Vdc=-12 V. The results were taken from the
experimental circuit using a two channel, 30 MHz, Cathode
Ray Oscilloscope (CRO).

FIG. 5 Output Voltage Measured On Cro
(Vertical: 3V/division, Horizontal: 5ms/division).

6. CONCLUSION

A single phase seven level inverter suitable for the
photovoltaic power generation system and its control
system is presented. The advantage of proposed topology
is, the inverter used in the power stage offers a significant
enhancement in terms of lower component count and
condensed design complexity. Experimental results show
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clearly that the single-phase SLI works as expected,
generating the required seven-level output voltage from
the PV array. A further development of the 1- phase SLI is
able to be applied to any number of voltage levels for PV
applications.
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