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Abstract—The design and construction of a 500VA microin-
verter for photovoltaic applications is presented. The developed
microinverter is capable of operating as a standalone AC voltage
source for small loads or, alternatively, as a grid-parallel system.
Possible applications are therefore small off-grid installations
as well as installations where space constraints do not allow
enough modules to be combined to use string inverters. The
design of the microinverter is based on a two stage concept. Two
alternative topologies for the DC-DC converter stage have been
considered. A prototype using a current-fed push-pull converter
and a full-bridge output stage has been built and was shown to
be operational. The prototype has achieved a maximum overall
efficiency of 93.9%, which includes all sensing, control and
driving losses. SiC MOSFETs have been utilized to illustrate
the capability of wide-band-gap devices.

I. INTRODUCTION

In contrast to the more commonly used string inverters,
which are connected to a number of photovoltaic modules con-
nected in series, microinverters are typically connected only to
a single module. There are certain benefits associated with the
use of microinverters such as optimal tracking of the maximum
power point (MPP) of each module, increased redundancy in
case of inverter failure and ease of installation. However, there
are also significant drawbacks. One of them is the low input
voltage to the microinverter, which results in a requirement
for a boost stage with a high voltage gain. Consequently, a
two-stage design is often required, which reduces the overall
efficiency. Additionally, specific costs of microinverters are
generally higher than those of string inverters, due to the
higher impact of overhead costs for control, driving, sensing
and for safety functions; which in the case of a microinverter
need to be implemented for each unit.
In some situations the benefits of microinverters may out-

weigh the drawbacks. Examples for such applications are small
off-grid installations where only small AC loads need to be
powered as well as small rooftop installations where modules
can not be arranged in strings. This paper describes a design
for a 500VA microinverter. This power rating is larger that of
typical microinverters and makes the device suitable to connect
it to two photovoltaic modules. This is expected to reduce the
specific cost of the device. The main aim in developing this
design was to achieve a good overall efficiency at a relatively
low cost for a microinverter system that is usable in grid-
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Fig. 1. System Level Block-Diagram

parallel as well as in off-grid applications. A further aim was
to illustrate the potential of wide-band-gap semiconductors.
The overall design specifications for the microinverter are
summarized in Table I.

II. SELECTION OF SYSTEM TOPOLOGY

The design of the microinverter is based on a two-stage
concept as shown in figure 1. The main advantage of this
approach is the decoupling of the constant input power flow
and the pulsating output power flow by a high voltage DC
link. A relatively large voltage ripple in the DC link can be
tolerated if appropriate control techniques are utilized for the
DC-DC controller to ensure that the 100/120Hz ripple at the
inverter input is minimized to avoid negative influences on the
MPP tracking [1]–[3].

TABLE I
MICROINVERTER DESIGN SPECIFICATIONS

Uin 18 to 40V

Iin < 20A

Uout 230 / 240VRMS
Iout 2.35ARMS
fout 50 / 60Hz

Output power factor 0.8 (leading or lagging)

Target efficiency > 95%
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A. Inverter Output Stage

One main design criteria for the converter is the ability
to provide reactive power at the converter output up to a
power factor of 0.8 leading or lagging. Designs using low
frequency unfolder circuits in the output stage will not allow
this criterion to be met. Therefore, only topologies that utilize
high frequency switching to form the output waveform are
considered for the output stage of the converter.
One option for the output stage is to use a half-bridge. This

configuration has only two active switches and low driving
effort. Only one semiconductor is in the conduction path at
any time. However, a DC link voltage of larger than 700V is
required. Alternatively, a full-bridge stage can be used. This
has the advantage of requiring a much lower DC link voltage
of slightly more than 350V at the disadvantage of always
having two semiconductor devices in the current path, which
results in increased conduction losses. The semiconductors
can, however, have lower voltage ratings which should offset
this disadvantage. It was decided to rely on a full-bridge
topology for the DC-AC stage of the converter because of
the ability to use the lower DC link voltage.

B. DC-DC Converter Stage

The DC-DC converter stage has to boost the PV input
voltage (18 to 40V) to a DC link voltage in excess of 350V.
Additionally, galvanic isolation between the input and output
of the DC-DC stage is a desirable feature.
The isolated flyback-current-fed push-pull topology [4]

shown in figure 2 as well as the current-fed push-pull topology
shown in figure 3 were investigated.
Both considered topologies for the DC-DC stage provide

galvanic isolation between the input and output and have the
advantage of using only low-side switches, which reduces the
driving effort that is required. The advantage of the topology
shown in figure 2 is that it can be operated with duty cycles in

the range from 0 to 0.5 (buck-mode) as well as in the range of
0.5 to 1 (boost mode) [4]. However, the output diodes have to
block twice the output voltage, resulting in a required voltage
rating of 1200V for a DC link of 350 to 400V.
The current-fed push-pull topology shown in figure 3 has

the advantage that 600V diodes can be used at the output.
Additionally, the design of the transformer is easier, as no split
output winding is required. The main disadvantage is that the
converter can only operate with duty cycles above 0.5 (i.e.
with overlapping MOSFET operation) and that the switches
need to be protected if for some reason both MOSFETs are
turned off, as in that case no current path exists for the current
in the input inductor. This can be achieved using suppressor
diodes in parallel to the MOSFETs or a snubber circuit.
Based on the presented comparison the current-fed push-

pull topology was chosen for implementation in the microin-
verter. The smaller number of components and the lower
voltage rating of the diodes were judged to outweigh the
restriction of only operating in boost mode.

III. PROTOTYPE DESIGN

This section describes the hardware design for the presented
prototype. An overview of the power electronic topology of
the developed microinverter is shown in figure 4. Details of
the selection of the semiconductors as well as the design of
the magnetic elements and the DC link are presented. Finally,
a brief description of the sensing and control hardware as well
as the auxiliary supplies is given.

A. Semiconductors

A total of six active switches and two diodes are used in the
prototype. Each switch in the input stage of the microinverter
has to block the voltage reflected across the transformer, which
amounts to approximately 100V. Additionally, overvoltages
occur when the switches are turned off, as a consequence
of the leakage inductance of the transformer. To protect the
switches an RC snubber was added. Suppressor diodes have
also been added to protect the switches against overvoltages
which occur, if both devices are turned off and the energy
stored in L1 is discharged. In the prototype 200V MOSFETs
have been used to provide a large safety margin. To minimize
losses 600V SiC Schottky diodes have been used in the
rectifier stage.
The devices in the fullbridge output stage of the mi-

croinverter require a voltage rating somewhat larger than the
maximum voltage of the DC-link. Fast switching IGBTs with
a maximum voltage rating of 600V would be suitable for
the application. Alternatively, it was considered to use 600V
GaN devices, which have significantly lower losses. As these
devices were not available, 1200V SiC MOSFETs were used
for the prototype. While these are overrated in terms of their
blocking voltage capability, they can illustrate the effects
of reduced switching losses associated with wide-band-gap
semiconductors.
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Fig. 4. Power Electronic Topology of Microinverter Prototype
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Fig. 5. Layout of Transformer Windings

B. Magnetic Elements

The microinverter contains three magnetic elements, the
input inductor, the push-pull transformer and the output filter
inductor. The input inductor is designed for an inductance of
30μH and a maximum current of 20A. The inductor was
built using an ETD 39 core (Mf 106) and twelve turns using
600x0.1mm litz wire.
The transformer was designed for a turns ratio of 1:1:4

with two primary windings. Additionally, achieving a low
leakage inductance was essential, as the energy stored in
the leakage inductance is lost in each switching cycle and
imposes stress on the suppressor diodes and the RC snubber
circuit. To achieve a low leakage inductance the winding
strategy illustrated in figure 5 was used. The transformer
design parameters are provided in table II.
The output filter inductor is required to filter out the

switching frequency components of the output current of the
fullbridge inverter. An LCL filter combination was selected for
the microinverter. The inverter side inductor was designed for
an inductance of 6.8mH and a maximum current of 2.35A
using an amorphous metal core (AMCC-4) and two parallel
strands of solid copper wire. The filter capacitance has been
selected as 1μF and the grid side inductor has an inductance
of 0.1mH.

TABLE II
TRANSFORMER SPECIFICATIONS

Core ETD 49 (3C90)

Pmax 550VA

Primary Winding 7 turns (2 parallel strands of
160x0.1mm litz wire)

Secondary Winding 28 turns (90x0.1mm litz wire)

Switching Frequency 100 kHz

C. DC-link design

The capacitance required to limit the voltage fluctuation in
the DC-link to a certain value ΔUd can be calculated using
the following equation [5].

CDC =
Pout

2π · fgrid · U2
DC

· Ud

ΔUd
(1)

To ensure a maximum voltage variation in the DC-link of
5% with a nominal DC-link voltage of 400V and a maximum
output power of 500VA at a frequency of 50Hz, a DC-link
capacity of approximately 200μF is required. In the prototype
a total DC-link capacitance of 220μF was used. As previously
discussed the DC-link capacitance can be reduced further if
suitable control strategies are employed to maintain a constant
input voltage regardless of the variations in the DC-link. This
has been identified as an option for further improvements.

D. Sensing and Control Hardware

To enable control of the microinverter in island mode as
well as grid-parallel operation a set of measurements have to
be taken. The parameters that need to be measured include the
output voltage, output current and DC link voltage as well as
the input voltage. The output voltage and DC link voltage
are sensed by the analogue to digital converter in the mi-
crocontroller using high-impedance networks and operational
amplifiers. The output current is measured using a hall-effect
current sensing IC and the input voltage is sensed using an
external analogue to digital converter that is connected to the
microcontroller via a digital isolation IC using the I2C inter-
face. To control the system a single 32-bit microcontroller of
the TI C2000 family was used and a simple RS232 / Bluetooth
interface was developed to aid development and to provide
status information. Providing status information through a
wireless communication link has the added advantage of not
requiring direct access to the device as well as increasing the
user safety as the communication link has inherent galvanic
isolation. A possibility for further optimization of the system
efficiency is the use of a microcontroller that has a lower power
consumption.
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E. Auxiliary Supplies

All supplies for the gate drives as well as for the sensing
and control subsystems are generated within the microinverter
using commercial isolating DC-DC converters. While this is
not a cost effective approach for a volume product it offers
the ability to quickly build a compact system. To further
improve the system, the development of a small and cost
effective solution to supply the different components needs
to be considered.

IV. DESCRIPTION OF CONTROL STRATEGY

Whereas the hardware that has been described in the previ-
ous section can be utilized to operate in grid-parallel as well
as in island operation the control software needs to be adapted
for each mode of operation. In this section the structure of a
possible control system for each of the two modes of operation
is presented. For the DC-AC stage a PWM scheme with
unipolar voltage switching is used. This has the advantage
of doubling the effective switching frequency in the output
waveforms, leading to a reduction in the required filtering [6].

A. Grid-Parallel Operation

In grid-parallel operation the microinverter would be op-
erated to extract the maximum power from the photovoltaic
generator by means of maximum power point tracking. The
DC-DC stage injects this current into the DC-link which is
then injected into the grid by the output stage. The overall
control structure for this mode of operation is shown in
figure 6.
Details of the internal structure of the PLL are illustrated

in figure 7. The PLL provides a reference signal in phase
with the grid voltage. This signal is multiplied with the output
current amplitude that is set by the DC link controller in order
to maintain the DC link at 400V and provided as the set-
point to the current controller, which can be implemented as
a proportional resonant controller [7].
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The DC-DC controller adjusts the duty cycle for the DC-
DC converter to maintain the input voltage at the value that
is set by the maximum power point tracker. The maximum
power point tracker in turn can use different algorithms [8],
[9] to find the voltage at the maximum power point by varying
the input voltage and observing changes in the output power
of the microinverter. This approach eliminates the need for
measuring the input current of the converter.

B. Island Mode Operation

In island mode the microinverter supplies a local load and
is regulated to provide an output voltage of 230 / 240VAC,
depending on the mode of operation. The power that the
converter needs to provide is determined by the load. The
DC-AC stage is controlled in order to provide the required
output voltage, while the DC-DC converter is controlled to
inject the power into the DC link that is required to maintain a
constant DC link voltage. An overview of the control structure
for island operation is provided in figure 8.
The voltage controller as well as the current controller

in the control structure in figure 8 have been implemented
as proportional resonant controllers and details of the two
controller are shown in figure 10. The DC-DC controller
consists of a feed-forward controller, which computes an
expected duty-cycle that is require to maintain the DC link
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Fig. 11. Close up Photograph of Microinverter Prototype (Cover Removed)

Fig. 12. Laboratory Setup of Microinverter, DC Source, Resistive Load and Measurement Equipment
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Fig. 13. Supplying a 500W Resistive Load (60Hz, 240Vrms, fsw,DCDC =
30 kHz, fsw,DCAC = 8 kHz) - Measured Using Tektronix DPO2014
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TABLE III
LIST OF MAIN COMPONENTS

S1,S2 IPP110N20N3 3 (2 each)

D1,D2 C3D10060A

S3,S4S,5,S6 C2M0080120D

C1 6x 10μF (ceramic)

C2,C3 2x 220μF (electrolytic)

L1,L2,L3,C4 as described in previous sections

Snubbers on S1 and S2 2200 pF / 33Ω

at 400V based on the measured input voltage as well as an
additional I-type controller, which is used to compensate the
remaining error as shown in figure 9.

V. EXPERIMENTAL RESULTS
A first prototype of the microinverter was constructed and is

shown in figure 11. The prototype uses a single microcontroller
and contains all the required sensing circuitry as well as aux-
iliary supplies. The power density of the standalone prototype
is approximately 0.5 kW/dm3. To demonstrate the capabilities
of the prototype the control structure for island operation as
described in the previous section has been implemented and
some measurements were undertaken. The experimental setup
is depicted in figure 12. The main components used in the
prototype are those listed in table III.
In figure 13 the output current and voltage at the converter

output are shown, while a resistive load of 500W is connected.
To illustrate the capability to react to changes in the load a
step change from 125W to 373W is shown in figure 14.
The system efficiency was measured for different output

powers and different input voltages. The measurements are
shown in figure 15. A peak efficiency of 93.9% was achieved
at 400W output power with an input voltage of 36V. It should
be noted that the efficiency measurements include the control
and driving effort and all losses in the auxiliary supplies.
Further optimizations are necessary in order to reach the

target efficiency of 95%. To identify areas where improve-
ments would be most beneficial the efficiency of the output
stage alone has been measured. As can be seen from figure
16 the efficiency of the inverter stage using SiC MOSFETs
is larger than 98.5% for output powers in excess of 200W.
These results show that the main losses occur in the input stage
of the microinverter. Further analysis has shown that the RC
snubbers on the switches in the input stage contribute a large
amount of the total losses. The focus of further optimizations
of the design should therefore be on investigating how the
design of the DC-DC converter and the transformer can be
optimized in order to reduce these losses.

VI. CONCLUSION

A design for a 500VA photovoltaic microinverter has been
presented. Applications for such an inverter may be small off-
grid installations where small AC loads need to be supplied
as well as rooftop installations where modules can not be
arranged in strings.
The developed system is based on a two stage concept. After

comparing two possible DC-DC topologies for the input stage
a prototype of the microinverter using a current-fed push-pull
converter in combination with a fullbridge inverter stage has
been built and was shown to be operational. The prototype uses
a single microcontroller and contains all the required sensing
as well as auxiliary supplies. A peak efficiency of 93.9% was
achieved. The system is suitable for different grid frequencies
and nominal voltages and can also supply reactive power.
To improve the system efficiency the DC-DC stage needs

to be further optimized. The use of wide-band-gap devices,
particularly low-voltage GaN switches, may offer advantages.
Additionally, the improvement of the transformer design and
the use of more suitable 600V GaN devices in the output stage
of the inverter needs to be investigated.
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