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Abstract. A low-frequency current ripple is introduced at the DC side of the
single-phase inverter topology decreasing efficiency in the photovoltaic (PV),
and battery systems and degrading the lifetime of an energy storage device. In
this paper, a common-ground single-phase single-stage boost inverter for PV
applications is presented. The introduced topology consists of three capacitors,
one inductor, five switches, and four diodes. The introduced topology has the
main features as the common ground between the DC input voltage source and
AC output voltage, and voltage boost capability. Furthermore, the low-
frequency input current ripple is significantly limited. Besides, the leakage
current, which is one of the major problems in grid-connected PV applications,
is limited in an introduced inverter. The operating principles, circuit analysis,
Mathematical analysis, and PWM control strategy for the introduced inverter are
discussed. The simulation results based on PSIM simulation are given at the end
of the paper to confirm the feasibility, performance and viability of the intro-
duced topology.
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1 Introduction

In the recent period, because of global surface temperature and energy crisis, using
solar energy has been receiving more and more attention from many researchers. The
distributed generation systems combined with solar energy have been rapidly resear-
ched. The single-phase grid-tied transformerless dc–ac inverters in PV applications are
becoming more common worldwide [1]. However, a grid-connected system without a
transformer generates a leakage current. This current flows through the parasitic
capacitance to the ground, causing EMI problems, insecurity, and the low reliability of
the grid-tied transformerless PV inverters [2, 3]. To solve this problem, some research
works have been presented recently to limit the leakage current [4–6]. By clamping the
common-mode voltage during the freewheeling period, the leakage current is reduced
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as discussed in [5, 6]. Recently, the transformerless PV inverters were introduced in [7–
9] by using common ground configurations. In these topologies, the ground of the PV
array and the utility grid is directly connected, so there is no leakage current. However,
these topologies are a buck power conversion where the peak AC output voltage is
smaller than the dc voltage.

In light of the above, a common-ground single-phase single-stage boost inverter is
presented in this paper. The introduced topology has the main features as the common
ground between DC input voltage source and AC output voltage, and voltage boost
capability. In addition, the low-frequency input current ripple is significantly limited.
The operating principles, circuit analysis, mathematical analysis, and PWM control
strategy for the introduced inverter are given in Sect. 2. The simulation results based on
PSIM simulation are given in Sect. 3.

2 Proposed Topology

The proposed common-ground single-phase single-stage boost inverter, which is
indicated as in Fig. 1, consists of five switches, four diodes, a boost inductor, three
capacitors. The same ground between dc input and ac output is an interesting feature of
the introduced topology. From Fig. 1, we can see that the negative polarity of the dc
input is directly connected to the ac output. It is merit, especially for PV applications.
Figure 2 shows operating states of the proposed common-ground single-phase single-
stage boost inverter. Figure 3 indicates the proposed PWM control method for the
introduced topology. As shown in Fig. 3, a control waveform, Vcontrol and a fixed
voltage, VST are compared with a carrier waveform, vtri to generate control signals for
switches from S0 to S4.
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Fig. 1. Proposed common-ground single-phase single-stage boost inverter.
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In the boost state as shown in Fig. 2(a), four switches S0, S1, S3, and S4 are turned
on while the switch S2 is turned off. As a result, the boost inductor is charged from the
input dc source, Vg. The time interval in this state is D�T, where D and T represent the
duty cycle and a switching period, respectively.
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diLB
dt

¼ Vg þVCB

VCA ¼ VCB
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Fig. 2. Equivalent circuit of the introduced inverter. (a) Circuit in boost-state, and (b)-(d)
Circuits in non-boost-state.
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Fig. 3. Proposed PWM control method for the introduced topology.
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In the non-boost states as shown in Fig. 2(b), (c), and (d), the switch S0 is turned
on. During the positive cycle as shown in Fig. 2(b), two switches S1, S4 are turned on
while two switches S2, S3 are turned off. The output voltage, vab, in this case, equals
VCC. During the negative cycle as shown in Fig. 2(c), two switches S2, S3 are turned on
while two switches S1, S4 are turned off. The output voltage, vab, in this case, equals-
VCC. Following the negative or positive cycle, two switches S2 and S4 are turned ON to
generate a zero voltage. During the non-boost states, the boost inductor is discharged
while the capacitor CB is discharged. The time interval in this state is (1–D)�T

LB
diLB
dt

¼ Vg þVCB and VCC ¼ VCA þVCB ð2Þ

From (1) and (2), we get

VCC ¼ VCA þVCB ¼ 2
1� 2D

Vdc: ð3Þ

The boost factor of the introduced topology is defined by

B ¼ Vbus

Vdc
¼ VCC

Vdc
¼ 2

1� 2D
� 1 ð4Þ

3 Simulation Results

To prove the operating principle of the proposed common-ground single-phase single-
stage boost inverter, simulation results based on PSIM simulation are given. The
simulation parameters for the introduced topology are given as in Table 1.

Figure 4 shows the simulation waveforms of the proposed common-ground single
phase single stage boost inverter when the input voltage is 96 V. As shown in Fig. 4(a)
and Fig. 4(b), we can see that the peak ac output voltage of the introduced topology is
310 V. The peak value of the load current is 6.2 A. As shown in Fig. 4(a), the low-
frequency current ripple is reduced significantly. From Fig. 4(d), the peak-to-peak
inductor ripple current is 4 A. From Fig. 4(c) and Fig. 4(d), the stress voltage across

Table 1. Simulation parameters

Parameters Values

Input DC Voltage 96 V
Inverter Output voltage 220 Vrms/50 Hz
Inductor (LB) 1 mH
Capacitors CA and CB 1000 µF

CC 2000 µF
Switching frequency 30 kHz
Inductive Load Ll 30 mH

Rl 50 X
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Fig. 4. Simulation results of the introduced inverter when input dc voltage is 96 V. From top to
bottom, (a) input voltage, input current, output voltage of the inverter, current load; (b) FFT of
output voltage of the inverter, current load; (c)-(d) drain-source voltage of switches and zoom
version of input current.
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four switches S1, S2, S3, and S4 are the same as dc bus voltage while the stress voltage
across switch S0 is equal to half of dc bus voltage.

4 Conclusion

This paper proposes the common-ground single-phase single-stage boost inverter for
PV applications. The circuit analysis, and mathematical analysis, operating principles
of the introduced inverter are provided. A simple PWM control method is introduced to
modulate the proposed inverter. The introduced topology has the main features as the
common ground between DC input voltage source and AC output voltage, and the
voltage boost capability. Furthermore, the low-frequency input current ripple is sig-
nificantly limited. Besides, the leakage current, which is one of the major problems in
grid-connected PV applications, is limited in the introduced inverter. Since the pro-
posed common-ground single phase single stage boost inverter has a high reliability,
there is no leakage current and voltage boost capability, it is suitable for PV applica-
tions. The simulation results based on PSIM simulation are given at the end of the
paper to confirm the feasibility, performance and viability of the proposed topology.
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