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Abstract— This paper presents the design and
implementation of Photovoltaic fed high performance
boost H6 inverters using hybrid modulation method. In
this configuration without the input split capacitors,
multiple DC sources, common-mode voltage and leakage
current issues can be eliminated in standalone PV system .
The main objective of this system is to achieve high
efficient system with the elimination of common-mode
voltage and leakage current. The hybrid modulation
topology is the combination of unipolar and bipolar pulse
width modulation schemes. The performance of the
proposed system is analyzed by comparing the level of
reduction of common mode error as a parameter and the
working of existing H4 inverter.
Index Terms – H4 inverter, H6 inverter, Hybrid
Modulation, Common mode voltage, Leakage Current
I. INTRODUCTION
In recent years, photovoltaic (PV) systems have
become more and more widespread in private and commercial
applications. Nonisolated inverters with decreased number of
components, low cost, and high efficiency are preferred
choices for these applications, where power density, cost,
weight, and reliability are critical issues. However, these
inverters suffer from some safety and power quality
drawbacks, such as common-mode voltage or ground leakage
current issue between load and PV systems and dc current
injection into the load.
The elimination of the output transformer from gridconnected photovoltaic (PV) systems not only reduces the
cost, size, and weight of the conversion stage but also
increases the system overall efficiency. However, if the
transformer is removed, the galvanic isolation between the PV
generator and the grid is lost. This may cause safety hazards in
the event of ground faults. In addition, the circulation of
leakage currents (common-mode currents) through the stray
capacitance between the PV array and the ground would be
enabled. Furthermore, when no transformer is used, the
inverter could inject direct current (dc) to the grid, causing the
saturation of the transformers along the distribution network.
While safety requirements in transformerless systems can be
met by means of external elements, leakage currents and the
injection of dc into the grid must be guaranteed topologically
or by the inverter's control system
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The traditional full-bridge inverter with four active switches
(H4 topology) is simple and has a good tradeoff between
efficiency, complexity, and price. Its efficiency can reach
96%–97% with unipolar switching method. However, it
generates a common-mode (CM) voltage with an amplitude of
half input voltage at the switching frequency, which needs a
big CM choke. This problem could be eliminated by the same
H4 topology with bipolar switching method, but the
efficiency is limited to 95.3% and requires a bigger output
differential filter than that with unipolar modulation strategy.
The parasitic capacitor between the PV array and the ground
also plays an important role in a CM voltage or ground
leakage current issue. The CM voltage across the capacitor
generates a ground leakage current, which may cause severe
electromagnetic interference (EMI) problem, load current
distortion, and additional losses in the system, etc.
The stray capacitor depends on many factors, such as the PV
panel and the frame structure, the surface of cells, the distance
between cells, the module frame, the weather conditions, the
humidity and the dust covering the PV pane, etc. For the
crystalline silicon cells, 50- to 150-nF/kWp capacitance is
expected, whereas for the thin-film cells, the capacitance up to
1 μF/kWp is observed. Some standards, such as DIN VDE
0126-1-1, impose the disconnection of the inverter if the
ground leakage current exceeds prefixed limits, as given in
Table 1.By grounding the PV array, the parasitic capacitance
and the associated hazardous current are reduced.
Additionally, the type of transformerless topology and the
applied switching scheme influence the magnitude and type of
voltage fluctuation at the PV array with respect to the ground.
Inverter topologies that are intrinsically safe from leakage
currents are the half bridge (HB) and neutral-point-clamped
ones. However, the need of twice input voltage than H4
topology and its input split capacitors are main drawbacks.
Some efforts are also made to improve H4 topology and its
corresponding PWM schemes.
TABLE 1.1 Leakage current RMS levels and corresponding
disconnection times
Leakage current RMS values
Disconnect Time (s)
(mA)
30
0 .3
60
0 .1 5
150
0 .0 4
High performance inverters with H6-type configuration with
hybrid modulation method is proposed and evaluated. The
CM voltage and ground leakage current analysis based on the
traditional H4 topology with both unipolar and bipolar
modulation is also presented.
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II. COMMON MODE VOLTAGE AND LEAKAGE
CURRENT ANALYSIS IN H4 TOPOLOGY
Without galvanic isolation between the grid and the
PV system, the galvanic connection between them results in
the appearances of a CM resonant circuit consisting of stray
capacitance Cpv, representing the PV module to the ground
and the filters, as shown in Fig. 1, where ZGcGg is the series
impedance between the ground connection points of the
inverter and the load. Without filter and ZGcGg considered.
For the CM voltage hot points located at inverter
bridge middle points A and B, the instantaneous CM voltage
and ground leakage current could be given by the following
equation:
(1 )

Unlike that with bipolar modulation, the H4
topology with unipolar modulation has two active switches,
i.e., S2 and S4 that are only turned on/off in line with
frequency. In addition, the other two switches, i.e., S1 and S3,
are high-frequency switches. Thus, switching losses are
decreased, and VAN and VBN are three-level voltages, which
can improve the current ripple in the output inductors. Taking
the positive half-cycle as an example, S4 is always on, and S1
switches at switching frequency fs. When S1, S4 are on, the
CM voltage is given by,
;

;
(6 )

When S1 is turned off and S4 is still on, the body diode of S3
naturally provides a freewheeling path, i.e.,

(2 )

;

;
(7 )

It is observed that the CM voltage changes between
Vdc / 2 and 0 at switching frequency fs, which will produce a
large CM current in the stray capacitance Cpv.
The H4 topology with bipolar modulation has an
excellent CM characteristic but a poor DM performance. On
the contrary, unipolar modulation improves its DM feature
but decreases its CM property. A high-performance PV
inverter topology should fulfil both CM and DM
requirements.

Fig. 1. Leakage current in H4 topology
Where VAN and VBN are the voltage between the
branch midpoint and the dc bus minus terminal, respectively.
It is easy to conclude that, if
(3 )
A. H4 Topology With Bipolar Modulation
With the bipolar modulation scheme used in H4
topology, the diagonal switch pairs S1, S4 and S2, S3 are
switched alternatively.
When S1, S4 are on,
;

III.

H6 TOPOLOGY

The basic structure of H6 inverters has six switches
(S1−S6) hence we call it as H6 inverters. A bipolar PWM H4
topology is the basic structure. An active switch S5 (or S6)
and a passive diode D1 (or D2) establish a unidirectional cell,
which is modulated with line frequency such as that in
unipolar modulation. Two unidirectional cells are embedded
in the middle point of the H4 inverter with different
connection forms, which serve as freewheeling paths.

;
(4 )

;

;
(5 )

Consequently, Vcm is almost constant because Vdc is
unchanged in steady mode. Thus, a small leakage current
would appear. However, this modulation scheme is not well
applied in practice due to large switching loss and large
current ripple in the output.
B. H4 Topology With Unipolar Modulation
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Fig.2. Existing H6 topology
Hybrid bridge topology as shown in fig.2.extra
switches S5 and S6 are introduced in between the midpoint of
the H4 inverter. It can be seen that there are two switches
between the terminal (A) and the negative terminal of the PV
and there are another two switches between the terminal (B)
and the negative terminal of the PV. Therefore, the load
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current is controlled to flow through three switches in the
active modes of H6 type topology.

VCM = 0.5(VAN +VBN)
Modes of
Operation

Charging

Freewheeling

Charging

Freewheeling

Vdc/2

Vdc /2

0

Vdc/2

-Vdc/2

0

Positive
Vdc/2
half cycle
Negative
Vdc/2
half cycle
C. Boost H6 Inveter

Fig.3. Proposed H6 topology
In order to reduce the conduction loss, of the collector of
switch S3 is disconnected from the anode of diode D1, and
then it is connected to the terminal (A) as shown in fig.3. As a
result, the load current flows through S2 and S3 instead of S2,
S3 and S5 in the active mode during the negative half cycle.
The DC and AC sides of this topology are still disconnected in
the freewheeling modes. The same means are applied to
another leg, where the switch S4 is disconnected from the
diode D2 and then connected to the terminal (B).

VDM = VAN-VBN

IV. SIMULATION RESULT
Table 2. System Parameters for H6 topology with Hybrid
modulation
Parameter
Value

A. Modulation Strategy
Instead of inverting reference wave in unipolar modulation,
carrier wave is inverting to get hybrid modulation. Switches
pulses for hybrid modulation are generated as shown in fig.6.

Input Voltage

70V

Modulation Index

0.8

Switching Frequency

3.2KHz

Load Value

R = 100Ω , L = 1mH

Filter

L1=2.55mH and C=4400µF

1
0
-1
1.5
1
0.5
0

Fig.7. Hybrid modulation
The PWM scheme of the proposed H6 topology is presented
here.
(i) Vr > 0 : S5 ON
(ii) Vr > Vc : S1 & S4 ON
(iii) Vr < 0 : S6 ON
(iv) Vr < Vc : S2 & S3 ON
B. Modes Of Operation
S.No
Positive Voltage
(S6 is always on)
Charging Freewheeling
Mode
Mode
1.
S1 & S4 S6 & D2

1.5
1
0.5
0
1.5
1
0.5
0
1.5
1
0.5
0

0

0.002

0.004

0.006

0.008

0.01
S1 & S4

0.012

0.014

0.016

0.018

0.02

0

0.002

0.004

0.006

0.008

0.01
S2 & S3

0.012

0.014

0.016

0.018

0.02

0

0.002

0.004

0.006

0.008

0.01
S5

0.012

0.014

0.016 time(secs) 0.018

0.02

0

0.002

0.004

0.006

0.008

0.01
S6

0.012

0.014

0.016 time(secs) 0.018

0.02

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016 Time(secs) 0.018

0.02

Fig 12. SPWM Waveform- H6 topology

time(secs)

time(secs)

Negative Voltage
(S5 is always ON)
Charging Freewheeling
Mode
Mode
S2 & S3 S5 & D1

Fig .13. Common mode Voltage of H6 Topology
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CONCLUSION
It highlights the common mode voltage or ground
leakage current issue between load and PV systems and dc
current injection into the load in transformerless inverter in
conventional H4 topology. The above said issues lead to the
introduction of H6 topology. The issue of common mode
voltage and leakage current can be rectified by using H6
topology in hybrid modulation method.
Boost H6 inverter with hybrid modulation method and
the performance is analyzed with H4 inverter with both
Unipolar and Bipolar modulation method. Derivation rules of
high-efficiency H6 inverters without leakage current issue
have been analyzed. Unidirectional freewheeling cells are
embedded in the middle point of the bipolar H4 inverter.
Based on this concept, inverter topology derivation and
standardizing is possible. Common-mode voltage and leakage
current issues are eliminated in a nonisolated system with
H6-type configuration without input split capacitors.
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