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Abstract-Three-phase transformer less inverter is widely
used in low power photovoltaic (PV) grid-connected systems
due to its small size, high efficiency and low cost. When no
transformer is used in a grid connected photovoltaic (PV)
system, a galvanic connection between the grid and PV array
exists. In these conditions, dangerous leakage currents
(common-mode currents) can appear through the stray
capacitance between the PV array and the ground. The
former, in order to create a galvanic isolation between the
input and the output include a transformer (mandatory in
some countries) that limits the whole system performances in
terms of efficiency, weight, size and cost. On the contrary,
transformer less inverters do not present any isolation and
are characterized by little size, lower cost and higher
efficiency (more than 2% higher). Nevertheless, the lack of
transformers leads to leakage currents that can be harmful
to the human body, as well as for the whole conversion
system integrity. In order to avoid the leakage currents,
various Transformer less inverters have been proposed
using different topologies to generate constant common
mode voltage. In this paper, various recently-proposed
transformer less PV inverters are investigated. Their
performances are compared and analyzed.

Index Terms—Common-mode voltage (CMV), leakage
current, photovoltaic (PV) system, transformer less.
I. INTRODUCTION
Today, the energy demand is increasing due to the rapid
increase of the human population and fast-growing
industries. Hence, renewable energy plays an important
role to replace traditional natural resources such as fuel
and coal. Photovoltaic (PV) energy has recently become a
common interest of research because it is free, green, and
inexhaustible [1]–[2]. Furthermore, PV systems are now
more affordable due to government incentives,
advancement of power electronics and semiconductor
technology and cost reduction in PV modules [3], [4].
Generally, there are two types of grid-connected PV
systems, i. e., those with transformer and without
transformer. The transformer used can be high frequency
(HF) transformer on the dc side or low frequency
transformer on the ac side [5]. Besides stepping up the
voltage, it plays an important role in safety purpose by
providing galvanic isolation, and thus eliminating leakage
current and avoiding dc current injection into the grid.
Nevertheless, the transformers are bulky, heavy, and
expensive. Even though significant size and weight
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reduction can be achieved with HF transformer, the use of
transformer still reduces the efficiency of the entire PV
system [6]. Hence, transformer less PV systems is
introduced to overcome these issues. They are smaller,
lighter, lower in cost, and highly efficient [7].
High frequency common-mode (CM) voltages must be
avoided for a transformer less PV grid-connected inverter
because it will lead to a large charge/discharge current
partially flowing through the inverter to the ground. This
CM ground current will cause an increase in the current
harmonics, higher losses, safety problems, and
electromagnetic interference (EMI) issues For a grid
connected PV system, energy yield and payback time are
greatly dependent on the inverter’s reliability and
efficiency, which are regarded as two of the most
significant characteristics for PV inverters. In order to
minimize the ground leakage current and improve the
efficiency of the converter system, transformer less PV
inverters utilizing unipolar PWM control have been
presented [8]–[10]. The weighted California Energy
Commission (CEC) or European Union (EU) efficiencies
of most commercially available and literature-reported
single-phase PV transformer less inverters are in the range
of 96–98% The reported system peak and CEC
efficiencies with an 8-kW converter system from the
product datasheet is 98. 3% and 98%, respectively, with
345-V dc input voltage and a 16-kHz switching
frequency.
However, this topology has high conduction losses due to
the fact that the current must conduct through three
switches in series during the active phase. Another
disadvantage of the H5 is that the line-frequency switches
S1 and S2 cannot utilize MOSFET devices because of the
MOSFET body diode’s slow reverse recovery. Replacing
the switch S5 of the H5 inverter with two split switches
S5 and S6 into two phase legs and adding two
freewheeling diodes D5 and D6 for freewheeling current
flows, the H6 topology was proposed in [12]. The H6
inverter can be implemented using MOSFETs for the line
frequency switching devices, eliminating the use of less
efficient IGBTs. The reported peak efficiency and EU
efficiency of a 300 W prototype circuit were 98. 3% and
98.1%, respectively, with 180 V dc input voltage and 30
kHz switching frequency [13].

Page No:74

JASC: Journal of Applied Science and Computations
In order to address these two key issues, a new inverter
topology is proposed for three-phase transformer less PV
grid-connected systems in this paper. The proposed
transformer less PV inverter features: 1) high reliability
because there are no shoot-through issues, 2) low output
ac current distortion as a result of no dead-time
requirements at every PWM switching commutation
instant as well as at grid zero-crossing instants, 3)
minimized CM leakage current because there are two
additional ac-side switches that decouple the PV array
from the grid during the freewheeling phases, and 4) all
the active switches of the proposed converter can reliably
employ super junction MOSFETs since it never has the
chance to induce MOSFET body diode reverse recovery.
As a result of the low conduction and switching losses of
the super junction MOSFETs, the proposed converter can
be designed to operate at higher switching frequencies
while maintaining high system efficiency. Higher
switching frequencies reduce the ac-current ripple and the
size of passive components [14].
II. COMMON-MODE BEHAVIOR AND LEAKAGE
CURRENT REDUCTION METHODS
When the transformer is removed from the inverter, a
resonant circuit is formed as shown in Fig.1 (a). This
resonant circuit includes stray capacitance (CPV), the
filter inductors (L1 and L2), and leakage current (IL).
Here, the power converter is represented by a block with
four terminals to allow a general representation of various
converter topologies. On the dc side, P and N are
connected to the positive and negative rail of the dc-link,
respectively; while on the ac side, terminals A and B are
connected to the single-phase grid via filter inductors.
From the view point of the grid, the power converter
block shown in Fig.1.(a) can be considered as voltage
sources, generating voltage VAN and VBN.
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circuit which consists of VAN and VBN as shown in
Fig.2. (b). The leakage current is thus a function of VAN,
VBN, grid voltage, filter inductance, and stray
capacitance. The CMVVCM and differential-mode
voltage VDM can be defined as

(1)
(2)
Rearranging (1) and (2), the output voltages can be
expressed in terms of VCM and VDM as

(3)

(4)

(5)
Since identical filter inductors (L1 =L2) are use dint is
Paper, the VECM is equal to VCM

(6)
From the model, it can be concluded that the leakage
current is very much dependent of the CMV. Thus,
converter structure and the modulation technique must be
designed to generate constant CMV in order to eliminate
the leakage current. It is worth highlighting that the model
in Fig1(c) has been commonly used for describing the
common-mode behavior of the conventional full-bridge
(H4) topology. However, due to the generality of the
model, it is obvious that the model is valid for other
topologies discussed here, apart from H4. As a matter of
fact, the same model has been used to analyze the
common-mode behavior of various transformers less
converter topologies. However, since different topology
has different VAN and VBN, the expressions for VCM
and VDM will differ from one another,

Fig.1. Common-mode model for single-phase grid-connected inverter.
(a) Full model. (b) Simplified model. (c) Simplified common-mode
model.

Hence, regardless of the conversion structure, this power
converter block can be simplified into the equivalent
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Fig.2. Universal transformer less topologies. Common-mode behavior.
Hence, to evaluate the common mode.

Behavior of a particular topology, VAN and VBN under
different switching condition need to be evaluated, as will
be shown later.
A. Galvanic Isolation
In transformed less PV inverters, the galvanic connection
between the PV and the grid allows leakage current to
flow. Hence, in topologies such as H5 and HERIC,
galvanic isolation is provided to reduce the leakage
current. The galvanic isolation can basically be
categorized into dc-decoupling and ac-decoupling
methods. For dc-decoupling method, dc-bypass switches
are added on the dc side of the inverter to disconnect the
PV arrays from the grid during the freewheeling period.
However, the dc-bypass branch, which consists of
switches or diodes, is included in the conduction path as
shown in Fig.3. For H6, output current flows through two
switches and the two dc-bypass branches during the
conduction period. Hence, the conduction losses increase
due to the increased number of semiconductors in the
conduction path. On the other hand, bypass branch can
also be provided on the ac side of the inverter (i.e., acdecoupling method) such as seen in HERIC. This acbypass branch functions as a freewheeling path which is
completely isolated from the conduction path, as shown in
Fig.2. As a result, the output current flows through only
two switches during the conduction period. Therefore,
topologies employing ac-decoupling techniques are found
to be higher in efficiency as compared to dc-decoupling
topologies. One setback of galvanic isolation is that there
is no way of controlling the CMV by PWM during the
freewheeling period. Fig.3. shows operation modes of
galvanic isolation which
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Fig.3. Operation modes of dc-decoupling topology. (a) Conduction
mode and (b) freewheeling mode.

Employs dc-decoupling method. As shown in Fig.3 (a),
during the conduction period, S1 and S4 conduct to
generate the desired output voltage. At the same time, VA
is directly connected to VDC and VB is connected to the
negative terminal (N) of the dc-link. Hence, the CMV
becomes.

(7)
Nevertheless, during the freewheeling period, the dcbypass switches disconnect the dc-link from the grid.
Therefore, point A and point Bare isolated from the dclink, and VA and VB are floating with respect to the dclink as shown in Fig.3 (b). The CMV during this period of
time is not determined by the switching state, but instead,
is oscillating with amplitude depending on the parasitic
parameters and the switches’ junction capacitances of the
corresponding topology. As a result, leakage current can
still flow during freewheeling period. The same is the
case for converters using ac-decoupling method.
B.CMV Clamping
As mentioned earlier, CMV is one of the main causes for
leakage current. H5 and HERIC focus only on providing
galvanic isolation while neglecting the effect of the CMV.
Unlike conventional topologies, the CMV in these
topologies cannot be manipulated via PWM, due to the
use of galvanic isolation as explained previously. In order
to generate constant CMV clamping branch is introduced
in oH5.
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as S5 provide a freewheeling path for the current to flow
during the freewheeling period. DiodesD5 and D6form
the clamping branches of the freewheeling path.
B. Operation Modes and Analysis
In this section, the operation modes and the CMV of the
proposed topology is discussed. Fig.4 (b) illustrates the
switching (c) Mode 3—conduction mode and (d) Mode
4—freewheeling mode during negative half cycle Patterns
of the proposed HBZVR-D.

Fig.4. Proposed HBZVR-D topology. (a) Converter structure. (b)
Switching Waveforms.

Generally, the clamping branch consists of diode or
switches and a capacitor divider which ensures the
freewheeling path is clamped to the half of the input
voltage. With the combined effect of galvanic isolation
and CMV clamping, leakage current is completely
laminated. Nevertheless, both H6 and oH5 uses dcdecoupling method, which suffers from lower efficiency.
HBZVR also employs CMV clamping technique but it is
found that the clamping branch does not function
optimally. It is shown in both the simulation and
experimental results that the CMV and the leakage current
in HBZVR are as high as those in the topologies which
use only galvanic isolation.
III. OPERATION PRINCIPLES OF PROPOSED
TOPOLOGY
A. Structure of Proposed HBZVR-D
Based on the analysis above, a simple modified HBZVRD is proposed to combine the benefits of the low-loss acdecoupling method and the complete leakage current
elimination of the CMV clamping method. HBZVR-D is
modified by adding a fast-recovery diode, D6, to the
existing HBZVR as shown in Fig 4 (a). The voltage
divider is made up of C1and C2.S1−S4 are the for fullbridge inverter. The anti-parallel diodes, D1−D4, as well
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Fig.5. Operation modes of proposed HBZVR-D topology. (a) Mode 1—
conduction mode and (b) Mode 2—freewheeling mode during positive
half cycle.

SwitchesS1−S4 commutate at switching frequency to
generate unipolar output voltage. S5 commutates
complementarily to S1−S4 to create freewheeling path.
All the four operation modes are shown in Fig.6. To
generate unipolar output voltage. In mode 1,S1 andS4 are
ON while S2,S3 and S5 are OFF. Current increases and
flows throughS1andS4.VAB=+VDC. The CMV becomes

(8)
In mode 2, S1−S4are OFF.S5is ON to create a
freewheeling Path. Current decreases and freewheels
through diodesD3, and the grid. The voltage VAN
decreases and VBN increases until their values reach the
common point, VDC/2, such that VAB=0. The CMV is

(9)
In mode 3, S2 andS3 are ON, whileS1, S4 andS5 are
OFF.
Current
increases
and
flows
throughS2andS3.VAB=−VDC. The CMV becomes
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(10)
In mode 4, S1−S4are OFF.S5is ON to create freewheeling
path. Current decreases and freewheels through diodesD1,
D4, and the grid. The voltage VAN decreases and VBN
increases until their values reach the common point,
VDC/2, and VAB=0. The CMV is as derived in (10).
Obviously, modulation techniques are designed to
generate Constant CMV in all four operation modes. All
the research Works are designed based on the principles
above. Practically, VAN and VBN do not reach common
point during the freewheeling period (mode 2 and mode
4). It is shown in simulation and experimental results later
that the CMV is not constant without clamping branch.
During the freewheeling period, both VAN and VBN are
not clamped to VDC/2 and is oscillating with amplitude
depending on the parasitic parameters and junctions’
capacitance of those topologies. The improved clamping
Branch of HBZVR-D ensures the complete clamping of
CMV to VDC/2 during the freewheeling period. It is well
noted that the Output current flows through only two
switches in every conduction period (mode 1 and mode 3)
as shown in Fig.6.(a) and (c). This explains why HBZVRD has relatively higher efficiency than those of dcdecoupling topologies.
C. Operation Principles of Improved Clamping Branch
During the freewheeling period, S5 is turned ON,
connecting Point A and B. Freewheeling path voltage
VFP can be defined as VFP=VAN≈VBN, since the
voltage drops across diodes and S5 are small compared to
VDC. There are two possible modes of operation (mode 2
and mode 4 as shown in Fig.6) depending on whether D5
or D6 is forward biased. When VFP is greater Than
VDC/2, D5 is forward biased and D6 is reversed biased.
Current flows from the freewheeling path to the midpoint
of the dc-link via the clamping diode D5, as shown in
Fig.6 (b), which completely clamps the VFP to VDC/2.
On the other hands, when the VFP is less than VDC/2, D6
is forward biased and D5is reversed biased. As shown in
Fig.6 (d), current flows from the midpoint of the dc-link
to the freewheeling path via the added clamping diodeD6,
to increase the VFP to VDC/2. It should be noted that
during the dead time between the conduction period and
freewheeling period, the freewheeling path is not wellclamped and the CMV can be oscillating with the grid
voltage. Nevertheless, with proper selection of dead time,
this effect can be minimized. In HBZVR, the clamping
branch consists of D5 only. Thus, the clamping of the
freewheeling path is limited only for the period when
VFP is more than VDC/2. When VFP is less than VDC/2,
the clamping branch does not function because D5 is
reversing biased. During such condition, the CMV in

Volume 5, Issue 11, November/2018

ISSN NO: 1076-5131

HBZVR will oscillate, causing the flow of leakage
current. This setback is rectified by adding a fast-recovery
diodeD6 in the Proposed HBZVR-D topology. With both
D5 and D6, the improved clamping branch guarantees the
complete clamping of the CMV to VDC/2 throughout the
freewheeling period. As a result, leakage current, which is
very much dependent on CMV, is completely eliminated.

Fig.7.Three-phase transformer less PV inverters.

IV.MATLAB/SIMULATION RESULTS

Fig.8.Matlab/Simulation model of H5 Topology.

Fig.9.Simulation results OF grid voltage and Current, leakage Current,
Van, Vcm, Vbn of H5 Topology.
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Fig.10.Matlab/Simulation model of HERIC topology.
Fig.13.Simulation results for output Voltage, Grid Current, leakage
Current, Van, Common mode Voltage and Vbn OH5 Topology.

Fig.11.Simulation results of grid voltage and Current, leakage Current,
Van, Vcm, Vbn of HERIC Converter.
Fig.14.Matlab/simulation model of H6 Topology.

Fig.12.Matlab/simulation model of OH5 Topology.
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Fig.15.Simulation results of grid voltage and Current, leakage Current,
Van, Vcm, Vbn of H6 Converter.
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Fig.16.Simulation Model of HBZVR Topology.

Fig.19.Simulation results of grid voltage and Current, leakage Current,
Van, Vcm, Vbn of HBZVR-D Converter.

Fig.17.Simulation results of grid voltage and Current, leakage Current,
Van, Vcm, Vbn of HBZVR Converter.

Fig.20.Simulation model of Three-level three-phase PV inverter
topology.

Fig.18.Matlab/simulation model of HBZVR-D Topology.
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the use of both galvanic isolation and CMV clamping, at
the expense of reduced system efficiency. By using acdecoupling method instead of dc-decoupling method for
galvanic isolation, HBZVR and HERIC manage to
achieve higher efficiency than the rest but perform poorly
in terms of common mode behavior. With the
understanding on the merits and demerits of the different
approaches, a modified HBZVR topology is obtained by
addition of a fast-recovery diode. The proposed topology
(known as HBZVR-D) combines the advantages of the
low loss ac-decoupling method and the complete leakage
current elimination of the CMV clamping method. The
performance of the transformer less topologies, including
the proposed HBZVR-D, is compared in terms of CMV,
leakage current, losses, THD, and efficiency. It is
experimentally proven that HBZVR-D topology gives the
best overall performance and is suitable for transformer
less PV applications for a 230-V (rms) grid system.
Fig.21.Grid voltage and grid current in three level three-phase fullbridge transformer less PV Inverter.

Fig.22.CMV and Leakage Current in three-level three phase transformer
less PV Inverters.

V.CONCLUSION
The performance of paper implemented in the three phase
grid connected. A high reliability and efficiency inverter
for transformer less PV grid-connected power generation
systems is presented in this paper. Ultra high efficiency
can be achieved over a wide output power range by
reliably employing super junction MOSFETs for all
switches since their body diodes are never activated and
no shoot-through issue leads to greatly enhanced
reliability. Low ac output current distortion is achieved
because dead time is not needed at PWM switching
commutation instants and grid-cycle zero-crossing
instants. The higher operating frequencies with high
efficiency enables reduced cooling requirements and
results in system cost savings by shrinking passive
components. The proposed converter three phase grid
connected. The patented works, such as H5 and HERIC,
provide galvanic isolation for safety purposes.
Nevertheless, their CMVs are not clamped and leakage
currents are not completely eliminated .Other topologies,
such as oH5 and H6, eliminate the leakage current with
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