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effective utilization of spike voltage energy is important in
DC-DC converters used for the realization of photovoltaic
inverters, since the improvement of photovoltaic energy
conversion efficiency is highly topical [7]. The DC-DC
converter based on the two-switch topology suppress the
spikes effectively and returns spikes energy to supply source,
because of this, there is no need to use the reactive
components for accumulation of spike energy [8].
The single stage photovoltaic microinverter based on
couple of two-switch DC-DC flyback converters has been
proposed in the paper. The microinverter is characterized by
high efficiency and simple structure as compared to classical
photovoltaic inverters.

1Abstract—The single stage photovoltaic microinverter based
on couple of two-switch DC-DC flyback converters has been
suggested. The results of simulation and experimental
investigation for the case when photovoltaic microinverter
operates in off-grid and grid-tied modes are presented. The
proposed single stage microinverter is characterized by simple
design and high efficiency.

Index Terms—Single stage microinverter; two-switch DCDC flyback converter; off-grid; grid-tied; efficiency.

I. INTRODUCTION
The photovoltaic inverters, which convert the DC voltage
of photovoltaic module to standard AC voltage, include
usually two conversion stages [1]: DC-DC boost converter,
which steps up the voltage of photovoltaic module up to the
level required for forming of standard AC voltage; inverter
that converts the DC voltage to standard AC voltage and
provides the synchronization with the mains power system.
The flyback converters are commonly used as DC-DC
converters in low power photovoltaic inverters. The
popularity of flyback DC-DC converters is caused by simple
design, low production cost and high efficiency [2]–[5]. The
drawback of such converter is fact that it generates high
voltage spikes on switch transistor. The voltage spikes are
caused by design specifics of flyback transformer [3]. To
suppress the spikes the overvoltage clamp circuit has to be
applied in classical flyback converter. Voltage spikes energy
is dissipated in clamp circuit resistor in form of heat,
lowering the efficiency and operating reliability of the
converter [4]. The voltage spikes become especially high in
boost DC-DC flyback converter that steps up the output
voltage and, therefore, it operates at high primary circuit
current [5], [6]. The application of simple overvoltage clamp
circuit is not effective in such a case. Therefore, the active
voltage suppression circuits, which are capable to
accumulate the voltage spike energy in reactive components,
have to be applied [5], [6]. However, the application of
reactive components for voltage spike energy accumulation
makes the converter more complex and less reliable. The

II. THE TWO-SWITCH DC-DC FLYBACK CONVERTER
The circuit diagram of two-switch DC-DC flyback
converter is presented in Fig. 1. The spike energy is returned
back to the supply source U1 using diodes D1 and D2.
Therefore, the spikes are suppressed by voltage source U1
and there is no need to use the reactive components for
accumulation of spike energy.
The operation of converter can be divided into two cycles
(Fig. 1). During the first cycle the switch transistors Q1 and
Q2 are in state ON and the current flows through the
transformer primary winding delivering the energy for
transformer (Fig. 1(a)). The provided energy is accumulated
in the form of transformer magnetic field. The primary
winding voltage of the transformer can be expressed as
follows

U pri  L

d  I1 (t ) 
dt

 U1  I1 (t )  R1 ,

(1)

where L is inductance of primary winding, I1(t) primary
winding current, ∑R1 the common active resistance of
transistors Q1, Q2 and primary winding. The energy, which
was accumulated in capacitor C2 during the second cycle
delivers the current IC2=U2/R2 to load R2.
The second cycle starts when the switch transistors Q1
and Q2 are closed and the energy accumulated in
transformer is delivered to the secondary winding. The
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current of secondary winding is passed through the diode D3
to the load R2 (Fig. 1(b)). This energy is used for the
charging of capacitor C2 as well. The capacitor charge
current

IC 2 (t )  I 2 (t ) 

U2
.
R2

the power losses in converter switch can be decreased.
The two switch DC-DC flyback converter output operates
as current source if the following inequality is valid

U1  U 2  U D3 

(2)

npri
nsec

 (U D1  U D 2 ),

(4)

where UD1 and UD2 are voltage drops across the diodes D1
and D2, respectively.
If the inequality (4) is not valid converter operates as
ordinary DC-DC converter, i.e. the voltage caused by the
output voltage U2 reflected to the primary winding is passed
back to the converter supply.

The energy accumulated in C2 is used for supply of load
during the first cycle.

III. INVESTIGATION OF TWO-SWITCH DC-DC FLYBACK
CONVERTER EFFICIENCY
The two-switch DC-DC flyback converter (Fig. 1) was
investigated experimentally. The model of converter was
designed for investigation. The converter was supplied by
36V DC voltage source and output of converter was loaded
by resistive load. The types and parameters of main
components of investigated converter model are presented in
Table I.

a)

TABLE I. TYPES AND PARAMETERS OF DC-DC FLYBACK
CONVETER MODEL COMPONENTS.
Component
Type, parameters
Q1, Q2
IRF3205 (55 V; 110 A)
D1, D2
MBR1060 (60 V; 10 A)
D3
MUR1560 (600 V; 15 A)
C1
0,22 µF × 400 V
T1
KA4823-CL
b)
Fig. 1. Circuit diagram of two-switch DC-DC flyback converter and
current flow during the first (a) and second (b) operating cycles.

The investigation of converter was performed for the case
when it works as boost DC-DC flyback converter. The
converter efficiency dependences on output power P2 at
various values of load resistance and switching frequency
have been obtained. The converter output power was
changed by variation of pulse width of PWM voltage, i.e. by
changing of output voltage U2.
During the first experiment the converter efficiency
dependences on output power at 39 kHz switching frequency
for the 990 Ω, 660 Ω and 330 Ω converter load (R2)
resistances were obtained. The dependences are given in
Fig. 2. It is seen that they have the extreme point, at which
the efficiency is maximal. The highest value of efficiency
(0.93) of two-switch DC-DC flyback converter is reached at
the highest load resistance (990 Ω) . This can be explained
by the fact that the same output power at higher load
resistance is reached at lower load current. The power losses
in diode D3 and in secondary winding of transformer
become lower in such a case.
It is seen that the efficiency of converter is rather high in
wide range of output power. It is not less than 0.90 in the
range of output power 30 to 140 W at 990 Ω load resistance.
The efficiency decreases slightly at lower load resistance
values.
Additionally, the efficiency dependence on output power
of classical DC-DC converter was obtained for the 660 Ω
load and 39 kHz switching frequency. It is seen (Fig. 2) that
the efficiency of classical converter as compared to DC-DC

The reflected voltage URpri appears in the primary winding
when the diode D3 conducts the current of the secondary
winding

U Rpri 

npri
nsec

(U 2  U D3 ),

(3)

where npr and nsec are number of primary and secondary
windings turns, respectively, UD3 is voltage drop across the
diode D3.
The voltage spikes are generated in the transformer
primary winding during the second cycle. They are delivered
through the diodes D1 and D2 back to the voltage source U1
and are suppressed.
The voltage spikes that affect the converter MOSFET
transistor switch drain of classical DC-DC flyback converter
can be twice higher as compared to converter input voltage
U1 even in the case when overvoltage clamp circuits are
employed [4]. Therefore, the transistors with high operation
voltage have to be used for realization of classical DC-DC
flyback converter. The two-switch DC-DC converter
topology allows us to eliminate the overvoltage, because of
this the transistors with lower operating voltage can be
employed. Transistors with lower operating voltage are
characterized by lower voltage drop in state ON, therefore,
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flyback converter based on two-switch topology at the same
load resistance is lower in the range of output power 40 W to
140 W, for example, 0.87 and 0.91, respectively, at 100 W
output power.

switches, which are composed from transistors Q5, Q6 and
diodes D1, D2, is used in the output of microinverter.
The positive half period of output voltage is generated
using two-switch DC-DC flyback converter based on
transistors Q2 and Q3 (transistors Q1 and Q4 are in state
OFF) and the output voltage is delivered to load through the
diode D1 and transistor Q5, which is in state ON. The
negative half period of output voltage is formed similar as
positive using two-switch DC-DC flyback converter based
on transistors Q1 and Q4 (transistors Q2 and Q3 are in state
OFF) and the output voltage is delivered to load through
diode D2 and open transistor Q6.
The energy of voltage spikes, which is generated by
flyback transformer during the switch transistor turn off is
returned to microinverter supply through the internal diodes
of switch transistors Q1–Q4.

Fig. 2. The dependences of two-switch DC-DC flyback converter
efficiency on output power at 39 kHz switching frequency at various load
resistances: 1 Ω–990 Ω; 2 Ω–660 Ω; 3 Ω–330 Ω. Curve 4 presents the
efficiency dependence of classical DC-DC flyback converter at 660 Ω load
resistance.

During the second experiment the converter efficiency
dependences on output power at 600 Ω converter load
resistance for the 25 kHz, 33 kHz, 39 kHz and 45 kHz
switching frequencies were obtained (Fig. 3). The highest
efficiency (0.93) is reached at 25 kHz switching frequency.
However, the significant drop of efficiency was observed at
higher than 100 W output power because of transformer
saturation at this frequency. The high enough efficiency (not
less than 0.92) is reached in range of power 30 W to 110 W
at 33 kHz switching frequency. The switching power losses
in switch transistors start to play more significant role at
39 kHz and 45 kHz switching frequency, therefore, the
efficiency of two-switch DC-DC flyback converter is lower
at these frequencies.

Fig. 4. The circuit diagram of single stage microinverter.

The single stage microinverter was investigated
experimentally and using simulation. The simulation was
performed
using
Matlab/Simulink
software.
The
experimental model of microinverter was designed for
experimental investigation. The types and parameters of
main components of investigated single stage microinverter
are presented in Table II. The investigation was performed
for two kinds of microinverter load: resistive load (off-grid
operation mode); electrical grid load (grid-tied operation
mode). The dependences of microinverter efficiency on
output power were obtained (Fig. 5). The investigation in
off-grid operation mode was performed for the 860 Ω load
resistance. The experimentally obtained dependence (Fig. 5,
curve 1) shows that efficiency reaches 0.947 W at 26 W
output power. However, at power higher than 70 W it drops
below 0.9 W. The dependence obtained using simulation
(Fig. 5, curve 3) shows higher efficiency, which reaches
0.955 W at 45W. The simulation error of efficiency in
comparison to experimental results is 5 % at 20 W and
reaches 8 % at 100 W. The efficiency of microinverter
decreases at higher power because the current of
components increases significantly and, as consequence, the
power losses in microinverter components rise.
In the case when microinverter operates in grid-tied mode,
the experimentally obtained efficiency is higher than 0.9 W
in range of output power 14 W to 72 W (Fig. 5, curve 2).
The maximal efficiency value 0.925 W is reached at 40 W
output power. The simulation shows (Fig. 5, curve 4) higher
efficiency, which reaches 0.94 W at 35 W. The simulation
error of efficiency in respect to experimental results is 2 % at

Fig. 3. The dependences of two-switch DC-DC flyback converter
efficiency on output power at 600 Ω converter load resistance for various
switching frequencies: 1 kHz–25 kHz; 2 kHz–33 kHz; 3 kHz–39 kHz;
4 kHz–45 kHz.

IV. SINGLE STAGE MICROINVERTER BASED ON COUPLE OF
TWO-SWITCH DC-DC FLYBACK CONVERTERS
The proposed single stage photovoltaic microinverter is
based on couple of two-switch DC-DC flyback converters.
The circuit diagram of microinverter is presented in Fig. 4.
Both two-switch DC-DC flyback converters are connected to
primary winding of transformer. The couple of two quadrant
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60 W and reaches 6 % at 100 W.

waveform of current is distorted (THD = 11.2 %). The
distortions of experimentally obtained voltage waveform and
simulated waveforms of voltage and current are negligible.

TABLE II. TYPES AND PARAMETERS OF MICRINVERTER
COMPONENTS.
Component
Type, parameter
Q1, Q2, Q3, Q4
IRF3205 (55 V; 110 A)
Q5, Q6
2SK2717 (900 V; 5 A)
D1, D2
FUF5408 (1000 V; 3 A)
C1
0,22 µF × 400 V
T1
KA4823-CL

V. CONCLUSIONS
The efficiency of DC-DC flyback converter based on twoswitch topology is about 3 % higher as compared to classical
DC-DC flyback converter.
The proposed single stage microinverter is based on
couple of two-switch DC-DC flyback converters and is
characterized by high efficiency and simple design.
The maximal microinverter efficiency 0.947 in off-grid
operation mode was reached at 26 W output power and
860 Ω load. In case when microinverter operates in grid-tied
mode the maximal efficiency value 0.925 is reached at 40 W
output power.
The simulation error of microinverter efficiency
dependence on output power is (2–8) % as compared to
experimental results.
The THD of experimentally obtained current curves is
11.2 %, for the cases when microinverter operates in gridtied mode.
The distortions of experimentally obtained voltage
waveform and simulated waveforms of voltage and current
are negligible.

Fig. 5. The dependences of single stage microinverter efficiency on output
power at 39 kHz switching frequency: 1, 3 - off-grid operation mode, load
resistance 860 Ω; 2, 4 - grid-tied operation mode. Curves 1 and 2 are
obtained experimentally, 3 and 4 – using simulation.

The waveforms of microinverter output voltage and
current for the case when microinverter operates in grid-tied
mode, i.e. it delivers the current to the grid, were analysed.
The waveforms were obtained using simulation (Fig.6(a))
and experimental investigation (Fig. 6(b)).
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