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Abstract-This paper proposes a new solar power generation 
system, which consists of a dc/dc power converter and a new 
nine level inverter. The dc/dc power converter composed of a 
dc-dc boost converter and a three winding transformer to 
convert the output voltage of solar cell array into three 
independent voltage sources. This new nine level inverter is 
configures using a capacitor selection circuit and a full bridge 
power converter. The capacitor selection circuit converts the 
three output voltage sources of dc-dc power converter into a 
four level dc voltage, and the full bridge converter further 
converts this four level dc voltage into a nine level ac voltage.
The salient features of the proposed nine-level inverter are that 
only seven power electronic switches are used and carried out 
the FFT analysis to find the THD of the proposed model. The 
simulation is performed to verify the performance of the 
proposed model.

Index terms-Grid connected, multilevel inverter, pulse-width 
modulated (PWM) inverter.

I.INTRODUCTION
      In this fast moving world, renewable energy is 
increasingly valued and employed worldwide because of 
energy shortage and environmental contamination. Most of 
the present demand in the world is met by fossil and nuclear 
power plants. The use of fossil fuels has resulted in the global 
problem of green house emissions. As the supplies of fossil 
fuels are depleted in the future, they will become increasingly 
expensive. Among the renewable power sources, solar have 
experienced a remarkably rapid growth in the past 10 years.
Thus solar energy is becoming more important, since it 
produces less pollution and the cost of fossil fuel is rising,
while the cost of solar array is decreasing.

    The power conversion interface is important because it 
converts the dc power generated by a solar cell array into ac 
power and then the ac power is feed into the utility grid. The 
inverter is used to convert the dc power to ac power.

     

Fig 1.Block diagram of solar power generation system

      
      In fig 1, the solar cell array is connected to the dc-dc 
power converter. The output voltage of a solar cell array is 
low, a dc-dc power converter is used to boost the output 
voltage and it converts the output power of solar cell array 
into three independent voltage sources, which are supplied to 
the nine level inverter. It consists of capacitor selection 
circuit and full bridge converter. The capacitor selection 
outputs a four level dc voltage. The full bridge converter 
further converts this four level dc voltage to a nine level ac 
voltage. The new nine level inverter contains only seven 
power electronic switches, so the power circuit is simplified.

II.MULTILEVEL INVERTER
   In the last few years, multilevel inverters have become very 
popular, due to their capability to generate clean voltage 
levels and lower switching losses. Diode-clamped, flying 
capacitor and the cascade H-bridge types are the conventional 
multilevel inverter topologies. Due to the requirement of least 
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number of components and ease of control compared to other 
topologies, the cascade H-bridge topologies are preferred for 
higher level converter .In both diode clamped and flying 
capacitor multilevel inverters, the power circuit is 
complicated by the increase in the voltage levels.
        In [5],a modular multilevel inverter for the photovoltaic
grid connected grid connected generator, a new modulation 
method is applied. It is similar to the cascade H-bridge

             Fig 2.Circuit configuration of solar power generation system.

type. This method is proposed to achieve dynamic capacitor 
voltage balance. In paper[6],to overcome the problem of 
partial shading, a multilevel dc link inverter is presented.
     This paper proposes a new solar power generation 
system. The proposed solar power generation system is 
composed of dc/dc power converter and a nine level inverter.
The nine level inverter is configured using a capacitor 
selection circuit and a full bridge power converter connected 
in cascade. The nine level inverter contains only seven power 
electronic switches, which simplifies the circuit 
configuration. Only one power electronic switch is switched 
at high frequency at any time to generate the nine level 
output voltage, the switching power loss is reduced and the 
power efficiency is improved. To verify the performance of 
the proposed solar power generation system, a prototype is 
developed and tested.

III.CIRCUIT CONFIGURATION
       Fig.2, shows the circuit configuration of proposed solar 
power system. It is composed of a solar cell array, a dc-dc 
power converter and a new nine level inverter. The solar cell 
array is connected to the dc-dc power converter which 
consists of boost converter and a transformer. It converts the 
output power of the solar cell array into three voltage 
sources, 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. The capacitor 

selection circuit outputs a four level dc voltage. The full 
bridge power converter converts this four level dc voltage 
into nine level ac voltage. This new nine level inverter 
contains only seven power electronic switches, so the power 
circuit is simplified.

IV. DC-DC POWER CONVERTER
        As seen in Fig.2,the DC-DC power converter consists of 
a boost converter and a current fed forward converter. The 
boost converter consists of an inductor LD, switch SD1 and 
diode DD3.The boost converter charges capacitor C2 of the 
nine level inverter. The current feed forward converter 
consists of an inductor LD, switch SD1 and SD2,

Fig 3.Operation of dc-dc power converter:(a)SD1 is on and (b)SD1 is off.

transformer, diode DD1,DD2,DD4.The current fed forward 
converter charges capacitor C1,C3 of the nine level inverter.
        Fig.3(a),shows the operating modes of the dc –dc power 
converter. when SD1 is ON, the energy is supplied to inductor 
LD. when SD1 is turned OFF and SD2 is ON, it is shown in 
fig.3(b),Capacitor C1,C2,and C3 connected in parallel through 
the transformer, so the energy of inductor LD and the solar 
cell array charges capacitor C2 through DD3,charges capacitor 
C1 through transformer and DD1 and charges capacitor C3

through transformer and DD4.

       Vc3= Vs                                                                           (1)

       Vc2= Vs                                                                           (2)

(a) (b)

LOAD
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       Vc1= Vs                                                                             (3)

                        V.NINE LEVEL INVERTER
       As seen in Fig.2,the nine level inverter is composed of a 
capacitor selection circuit and a full bridge power converter 
connected in cascade. The operation can be divided into 
positive half cycle and negative half cycle. The voltage of the 
capacitor C1,C2 and C3 is Vdc/4,Vdc/2 and Vdc/4 respectively.
      Since the output current is controlled to be sinusoidal and 
in phase with the utility voltage, the output current of the 
nine level inverter is also positive in the positive half cycle of 
the utility. The operation of the nine level inverter in the 
positive half cycle can be further divided into five modes, as 
shown in Fig.4.
Mode 1:The operation of mode 1 is shown in Fig.4(a).SS3,SS1

and SS2 of the capacitor selection circuit are OFF. So C3 is 
discharged through D3 and the output voltage of capacitor 
selection circuit is Vdc/4.S1 and S4 of the full-bridge power 
converter are ON. Here, the output voltage of the nine level 

Fig.4.Operation of the nine level inverter in the positive half cycle,(a)mode 
1,(b)mode 2,(c)mode 3,(d)mode 4,(e)mode 5.

inverter is directly equal to the output voltage of the capacitor 
selection circuit, which means the output voltage of the nine-
level inverter is Vdc/4.
Mode 2:The operation of  mode 2 is shown in Fig.4(b).In the 
capacitor selection circuit,SS3,SS1 is OFF and SS2 is ON, so C2

is discharged through SS2 and D2 and the output voltage of 
the capacitor selection circuit is 2Vdc/4.S1 and S4 of the full-
bridge 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.4(c).In the 
capacitor selection circuit,SS3,SS2 is OFF and SS1 is ON.so C1

is discharged through SS1 and D1 and the output voltage of 
the capacitor selection circuit is Vdc/4.S1 and S4 of the full -
bridge converter are ON. Here the output voltage of the nine 
level inverter is Vdc/4.
Mode 4:The operation of  mode 4 is shown in Fig.4(d).In the 
capacitor selection circuit,SS3 is ON. since D1 and D2 has a 
reverse bias when SS3 is ON, the state of SS1 and SS2 cannot 
affect the current flow.C1,C2 and C3 are discharged in series 
and the output voltage of capacitor selection circuit is Vdc.S1

and S4 of the full-bridge converter are ON. At this point, the 
output voltage of the nine level inverter is Vdc.
Mode 5:The operation of mode 5 is shown in Fig.4(e).SS3,SS1

and SS2 of the capacitor selection circuit are OFF. The output 
voltage of the capacitor selection circuit is Vdc/4.Only S4 of 
the full-bridge power converter is ON. At this point, the 
output voltage of the nine level inverter is zero.

LOAD LOAD

LOAD
LOAD

LOAD

(a) (b)

(c) (d)

(e)
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       Therefore, in the positive half cycle, the output voltage 
of the nine-level inverter has five levels: Vdc,
Vdc/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 nine-level 
inverter can also be further divided into five modes, as shown 
in Fig.5.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 S2 and S3 of the full-bridge 
power converter are ON during modes 6,7,8 and 9,and S2 is 
also ON during mode 10 of the negative half cycle.
Accordingly, the output of the capacitor selection circuit is 
inverted by the full-bridge power converter, so the output 
voltage of the nine-level inverter has five levels:-Vdc/4,-
2Vdc/4,-Vdc/4,-Vdc and 0.

VI.CONTROL BLOCK
      The proposed solar power generation system consists of a 
dc-dc power converter and a nine-level inverter. The nine-
level inverter converts the dc power into high quality ac 
power and feeds it to the utility and regulates the voltages of 
capacitors C1,C2 and C3.The dc-dc power converter supplies 
three independent voltage sources and it performs maximum 
power point tracking(MPPT) to extract maximum output 
power from the solar cell array.

A. NINE LEVEL INVERTER
     Fig.6.(a) shows the control block diagram for the nine-
level inverter. The control object of the nine-level inverter is 
its output current, which should be sinusoidal and in phase 
with the utility voltage. The utility voltage is detected and is 
sent to the PLL circuit. The capacitor voltage is detected and 
is compared with the setting voltage. The compared voltage 

Fig.5.Operation of the nine-level inverter in the negative half cycle:(a)mode 
6,(b)mode 7,(c)mode 8,(d)mode 9,(e)mode 10. 

is given to the PI controller. The output of PLL circuit and PI 
controller is sent to the multiplier and then to the absolute 
circuit. The output current is detected and sent to the absolute
circuit and then it is sent to the subtractor. The output is 
given to the PI controller and sent to the multiplier and then 
to the PWM signals to generate control signals for the power 
electronic switches of the nine-level inverter. LOAD
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LOAD
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LOAD
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Fig.6.Control block:(a)nine-level inverter and (b) dc-dc power converter.

B. DC-DC POWER CONVERTER
      Fig.6.(b) shows the control block diagram for the dc-dc 
power converter. The output of the solar cell array is the 
input for the DC-DC power converter. If the output voltage 
of solar cell array contains a ripple voltage, the MPPT can be 
degraded. The ripple voltages in C1,C2 and C3 must be 
blocked by the dc-dc power converter to provide improved 
MPPT. The output voltage of dc-dc power converter consists 
of voltages of  capacitor C1,C2 and C3 which are controlled 
by the nine-level inverter. To provide MPPT, perturbation 
and observation method is used. To determine the desired 
output voltage for   the solar cell array, the output voltage of 
the solar cell array and inductor current are detected and sent 
to a MPPT controller. The output is sent to the PWM circuit.
The PWM circuit generates a set of signals, which is given to 
the power electronic switches of the dc-dc power converter.

VII.SIMULATION RESULTS
    

    
Fig.7(a) shows the simulation circuit of nine level 
inverter topology with solar power generation 
system
The output voltage of solar cell array is 100 V and is 
shown in Fig.7(b).

                                                       (b) 

       The output voltage of dc-dc power converter is 
shown in Fig.7(c).

                                                   (c) 
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                                          (e)

  The total harmonic distortion of the output current 
is 3.11%,and is shown in Fig.7(f).

                                         (f)
Fig.7.(a)Simulation circuit of solar power generation 
system,(b)Output voltage of solar cell array,(c)output voltage of 
dc-dc power converter,(d)output voltage of seven level 
inverter,(e)utility voltage,(f)THD of output current

VII.CONCLUSION
      This paper proposes a solar power generation 
system to convert the dc energy into ac energy that 
is fed into the utility. The proposed solar power 
generation system consists of a dc-dc power 
converter and a nine- level inverter. The nine-level 
inverter contains only seven power electronic 
switches, which simplifies the circuit configuration.
Only one power electronic switch is switched at 
high frequency at any time to generate the nine-level 
output voltage. This reduces the switching power 
loss and improves the power efficiency. This gives 
reduced THD of 3.11%.
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