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Abstract. This paper demonstrates the performance of
a new innovative photovoltaic microinverter topology
with high power quality and efficiency. This inverter
is based on coupling a boost converter with a discharge
circuit to provide a rectified sine wave voltage. In the
first part of this paper, we describe the proposed topol-
ogy and its operating principle as well as the simple and
robust control system used. We also verify the stability
of the system using the Lyapunov method. In the sec-
ond part, we present the simulation results and discuss
the influence of the load nature on the total harmonic
distortion (THD) and on the efficiency.
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1. Introduction

Researchers are currently dedicating a great deal of
efforts to improve photovoltaic inverters and their ar-
chitectures. Over the past decades, researchers have
devoted a lot of effort to improving photovoltaic invert-
ers and their architecture. Their main work has been
focused on increasing conversion efficiency, reliability,

achieving better grid integration and optimizing the in-
stallation of control circuits. Moreover, due to the de-
velopment of the renewable energy resources, modern
grids include microgrids based on distributed energy
resources such as photovoltaic arrays or wind turbines
and energy storage devices such as batteries and su-
percapacitors. In this distributed architecture, each re-
source is connected to the network via its own converter
as in the case of photovoltaics (PV) where each panel
transmits its energy via a micro-inverter. These last
are specially designed to be individually and directly
interface between a PV panel and the grid. Thus, when
considering PV resource, these micro-inverters appear
as many times as there are panels in the PV plant. For
this reason and in view of the large number that can be
quickly reached, their technology must be as simple as
possible while ensuring high conversion efficiency and
reliability and their individual cost must be kept as low
as possible while guaranteeing a good wave quality of
the output voltage and current.
In multilevel inverters the number of switches is pro-
portional to the number of stages. On the other hand,
using less stages implies a deterioration of the THD or
the obligation of adding filters in the inverter topol-
ogy [1],[2],[3] and [4]. In order to maintain a good
power quality in converter with only one conversion
stage and without addition of complexe filters, con-
verter having an input boost DC/DC stage before the
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inverter one are preferred [5] and [6]. To elevate the
voltage between the PV panel and the grid, boost con-
verters are currently used in various photovoltaic mi-
croinverter topologies. Driving by specific algorithms
based on optimisation methods (we can site the per-
turb and observe method, fuzzy logic method and the
ones using a neural network approaches) boost con-
verter allows following the maximum power point and
pre-regulates the voltage and current waveform [7],[8]
and [9]. When combining the converter with a dis-
charge circuit and an innovative control, it can provide
a high quality sinusoidal voltage, which can be ampli-
fied by means of a step-up transformer.
In the current contribution, to reduce the conversion
losses and finally the manufacturing costs, the pro-
posed topology does not use a filter. It integrates two
converters that operates symmetrically composed by a
DC/DC boost with high frequency switches followed
by a discharge stage. The topology imposes two condi-
tions on the control. The first one is the consideration
in the control of the absolute error’s value and the sec-
ond one is to continue to assume the maintain of a
good dynamic response. These two conditions degrade
the performance of conventional controllers and those
operating in sliding mode. For this reason, in order to
obtain better dynamics, we have chosen an exponential
action control for the microinverter.
This work presents the performances of this symmet-
rical boost-discharge microinverter (SBD-converter)
topology and its control. In PV source, not only the
energy available at the input link to irradiance and
temperature of the PV panel influe the quality and
quantity of the photovoltaic resource. Indeed, the na-
ture of the load, resistive, capacitive, its size and dy-
namic, also have a huge influence on the stability and
on the functioning of the converters. Thus, in this con-
tribution, we also study the robustness of the proposed
microinverter to variations of the load nature.

2. Symmetrical
boost-discharge converter
topology

The SBD-converter incorporates two circuits in a cas-
cade, as shown in Fig. 1. The first one is a boost con-
verter which allows to charge the capacitor and con-
sequently increase the DC input voltage. The second
circuit is composed of a switch in series with a discharge
inductance. Its role is discharging the boost capacitor
which causes a voltage drop. The inductance increases
the discharge time, and thus by translation decreases
the average switching frequency that must also be suf-
ficiently low to allow a zero crossing. A resistor can
be added in series to limit the current but will have,
as consequence an increase of the losses in the conver-

Fig. 1: Schematic diagram of the SBD-converter.

sion process. A diode is inserted between the boost
switch K1 and the capacitor to force it to discharge
via the load and the discharge circuit. The symmetri-
cal operation of the two switches, K1 and K1’, enables
the voltage to track the reference waveform. It has the
same waveform as the voltage an uncontrolled full-wave
rectifier of, a rectified sine wave.
The rectified sine voltage at the boost output is conver-
terdto a 50 Hz sine wave using a simple 180◦ command.
[11] and [12]. The maximum voltage output is set to
twice the input which is supplied by a 44 V panel in
no-load condition (Vref = |88.sin(2π50t)| ). A trans-
former is added to reach a 220 V output in-order to
feed a standard load.

2.1. Symmetrical boost-discharge
converter modeling

To model the SBD-converter, the power switches states
(K1 and K1’) are denoted using a Boolean variable
(S), S also represents the control signal status of the
two switches, zero for off and one for on. A resistor
represents the load. As shown in Fig. 2, the operating
modes include two phases corresponding to the states
of the switches, when both are open or closed.

Phase 1. The power switches are blocked.
The energy produced by the photovoltaic source is
stored in the capacitor C, the voltage increases. The
equations describing this phase are as follows:

dIL1

dt
= − Vs

L1
+
Ve
L1

(1)

dIL2

dt
= 0 (2)

dVs
dt

=
IL1

C
− Vs
RC

(3)

Phase 2. The power switches are on.
Due to the diode isolating the first stage, the capacitor
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discharges in the second stage. The equations describ-
ing this phase are as follows:

dIL1

dt
=
Ve
L1

(4)

dIL2

dt
=
Vs
L2

(5)

dVs
dt

=
−IL2

C
+
−Vs
RC

(6)

Fig. 2: Equivalent circuit of the Boost and discharge circuit
with the switches on and off.

Matrix representation of both functioning
phases.
It is convenient for the analysis of these two phases
of the operating mode to expressed them by a matrix.
From eq (1-6) the state representation of the system is
as follow:


dIL1

dt
dIL2

dt
dVs

dt

 =


0 0

S − 1

L1

0 0
S

L2
1− S

C

−S

C

−1

RC


IL1

IL2

Vs

+


1

L1
0
0

 .Ve

(7)

2.2. Sizing of the various electronic
components

The boost inductance value can be obtained by the ex-
pression of the current oscillations ∆IL1 [13]. Both ex-
pressions are given by equation 8, We have considered
a microinverter dedicated to a PV panel constituted
of 60 silicon cells in series. Thus, the panel voltage at
maximum power is 36 V. It is noted Ve−max.

∆IL1 =
α.T.Ve−max

L1
⇒ L1 ≈

Ve−max(1− Ve−max

Vs−max
)

4.∆IL1.fs
(8)

The switching frequency is variable because it is related
to the energy produced by the PV source depending
on the irradiation and temperature of the PV panel,
and the energy transmitted to the load. This switch-
ing frequency is delivered by the tracker to follow the

reference voltage. The frequency is limited between
2 kHz and 20 kHz to limit the discharge current. The
discharge inductance is calculated from the minimum
frequency and the maximum current through it. The
resistance in series with the discharge inductance is ne-
glected, as shown in equation 10.

L2
dIL2

dt
+ (RL2 +RK1′).IL2 = Vs(t) (9)

dIL2

dt
=
Vs
L2
→ IL2

=
Vs
L2
.t (10)

L2−min =
εp

IL2−max · fcom−min

L2−max =
Vs−max

IL2−max · fcom−min

(11)

The maximum boost capacity needs to supply the aver-
age boost current, and discharges completely in a quar-
ter of a period yielding to the following equation 12:

Ic ≈
2.Is−max

π

Cmax =
Ic.∆t

∆V
=

Ic
4.fs.∆V

≈ Is−max

2.π.fs.Vs−max

(12)

In this equation, Is−max represents the maximum cur-
rent supplied by the inverter. Tests show that the ideal
capacity is 25Cmax.

2.3. Symmetrical boost-discharge
converter control

The principle of the control used is based on the min-
imisation of the distance between the desired conver-
gence point and the actual operating point. It consists
in minimising the error between the desired and the
real operation. In the following we will call this dis-
tance "ε" corresponding to the error to be minimised
in the convergence process.

ε = Vref − Vs (13)

The boost command must prevent switch K1 from
staying open when ε is negative. If the switch stays
open, the output voltage becomes constant and equal
to the input voltage. The command uses the absolute
value of the error. It introduces, then, an exponential
action to speed up the dynamic of the control process.
The control signal that imposes the state of the
switches (K1 and K1’) is given by the following func-
tion:

S = step(ek.|ε| − k1) (14)

k and k1 are two positive constants. The absolute er-
ror’s value imposes that the output voltage to always
be greater or equal to the reference voltage, as shown
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in the Fig. 3. This permanent static error is propor-
tional to the natural logarithm of K1, and is calculated
as follows:

|εp| =
ln(k1)

k
(15)

The output voltage is always higher than the reference
and is noted:

Vs =

√
ε2p +

4.εp.VRm

π
+
V 2
Rm

2
(16)

The maximum reference voltage of the boost, VRm

is calculated according to the desired output voltage
yielding to the following equation

VRm =
√

2Vs −
4

π
εp (17)

In practice, this formula is valid if the capacity is cor-
rectly dimensioned ( C ≈ 2

5Cmax). If the capacitor
is undersized, the voltage oscillations will be greater,
the RMS voltage will be higher than the expected volt-
age (16), in case of oversizing, the zero crossing will no
longer be guaranteed. The error is chosen to be greater
than or equal to the voltage drops created by the diode
of the boost and the switches of the inverter bridge.

Fig. 3: Static error of the exponential action.

2.4. Symmetrical boost-discharge
converter control stability by
Lyupanov Method

The stability study of the proposed control is carried
out using the Lyapunov method. This method is ef-
fective for studying the global or partial stability of
a dynamic system. Lyapunov uses an energy function,
usually a quadratic function, to determine the stability
of an equilibrium point or a motion, this method is ap-
plied in this case for a non-linear system that switches
between two states. For a system to be stable, the Lya-
punov function must be null at the origin, it is defined
so that it is always strictly positive and its derivative
must be strictly negative,[14],[15]and[16]. The com-
mand imposes two switching lines to Vref + ln(k1)

k , and
Vref − ln(k1)

k and the study of the stability allows to

say if the switching lines are attractive or repulsive (as
shown in Fig. 4).

The chosen Lyapunov function is given by equa-
tion 18. In order to simplify the calculations and to
respect the first condition V (0) = 0, the variable used
for Lyapunov function cancels itself out when K1 and
K ′1 are switched, it is proportional to the error on the
voltage, and is given by equation 19.

V (ε1) =
ε21
2

(18)

ε1 = |ε|− ln(k1)

k
(19)

ε < 0→ ε1 = −ε− ln(k1)

k
→ ε′1 = V ′s ;

ε > 0→ ε1 = ε− ln(k1)

k
→ ε′1 = −V ′s

(20)

Phase 1: The switches K1 and K1’ will be
blocked

− ln(k1)

k
< ε < 0 → − ln(k1)

k
< ε1 < 0 → S = 0

(21)
When the switches K1 and K1’ are blocked, the ca-
pacitor charges from the source, the voltage across the
capacitor increases, which increases the error until a
permanent value. Kirchhoff’s voltage law proves that.

IL1 >
Vs
R

(22)

This means that equation 3 shows that:

V ′s > 0 → ε′1 > 0 (23)

Phase 2: The switches will be turned on

ε < − ln(k1)

k
→ ε1 > 0 → S = 1 (24)

When the switches are turned on, the capacitor is dis-
charged either through the discharge circuit or the load.
The voltage at the terminals of the capacitor decreases
and tends towards the reference, which leads the de-
creasing of the error. This phase, as described by the
Equation 6, yields that Vs and IL2 are positive. Thus,
we can write :

V ′s < 0 → ε′1 < 0 (25)

The Lyapunov function is strictly positive and for both
cases its derivative is strictly negative.

V (0) = 0; V (ε1) =
ε21
2

; V (ε1)′ = ε′1.ε1 (26)

Equations 27 and 28 show that when the voltage is
lower than the reference voltage the system becomes
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unstable.

0 < ε <
ln(k1)

k
→ − ln(k1)

k
< ε1 < 0 → S = 0

→ V ′s > 0 → ε′1 < 0 → V (ε1)′ > 0
(27)

ln(k1)

k
< ε → ε1 > 0 → S = 1

→ V ′s < 0 → ε′1 > 0 → V (ε1)′ > 0
(28)

The system is stable when the voltage converges to
Vref + ln(k1)

k , and unstable when it diverges to Vref −
ln(k1)

k . Thus, if the boost voltage falls below the refer-
ence voltage minus the permanent error, switches K1
and K1’ remain open for the rest of the half period,
the source and load are short-circuited. To avoid this
problem in operation, the switching frequency must be
sufficiently high in relation to the time response of the
converter. Fig. 4 clearly illustrates the different zones
where the different operating points of the converter
are located.

Fig. 4: Lyapunov stability.

3. Simulation results &
discussion

The simulation is carried out using the Power Sim-
ulation software (PSIM), which directly integrates
the FFT analysis and THD calculation. The em-
ployed algorithm is based on the radix-2/decimation-
in-frequency methodology.

For the simulation we choose to use a permanent
error equal to εp = ln(k1)

k = 1 V, the boost inductance
is 180 mH, the capacitance is 100 µF and the discharge
inductance is 1.5 mH .

It is to be noted that this analysis point out that
without the discharge circuit, the control will not al-
low a sufficient decrease of the boost voltage. In
this case, the voltage wouldn’t not pass through zero
which would deteriorate the THD and will increase the
switching losses. This case is illustrated in Fig. 5.

Fig. 5: Voltage of the Boost without the discharge circuit.

. RMS Value Average
Boost voltage 62.8 V 56.5

Voltage Boost-Ref 62.22 V 56.03
Discharge current . 0.5 A

Fig. 6: Voltage of the Boost with the discharge circuit.

The discharge circuit allows a rapid voltage decrease
without a perfect zero crossing. When the output volt-
age of the boost tends to decrease, the supercharging
capacitor of the discharge circuit, by discharging, at-
tempts to compensate for this voltage drop. The circuit
also avoids voltage instabilities during rise, as shown in
Fig. 6.

The power difference between the photovoltaic gen-
erator and the load is dissipated by the discharge cir-
cuit. The system must initially be sized in a balanced
way between the power delivered by the source and
that consumed by the load at the risk of having a
high total harmonic distortion rate following the con-
version. Indeed, too low loads or an oversized photo-
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voltaic source lead to excess power loss, increasing the
THD compared to that obtained for a nominal load.

The boost output waveform allows 180◦ control of
the inverter bridge switches, the second half-period is
inverted, resulting in a sinusoidal voltage of Fig. 7, for
this case the load is purely resistive, the THD of the
voltage lower than 1.4 %, i.e. at a commonly acceptable
level and the output voltage is higher than the reference
of 0.6 V.

. THD 50 HZ RMS
Inverter voltage 1.33% 62.78 V

Inverter voltage-Ref 0.038% 62.22 V
Inverter current 1% 4.38 A

Fig. 7: Inverter output (Current, Voltage) with a purely resis-
tive load.

The control is robust whatever the load as long as
it remains below the maximum power of the boost. In
the case where the load is purely inductive, the THD
remains below the acceptable limits, as shown in the
Fig. 8, the voltage THD degrades to 3% for the purely
inductive load, the difference between the RMS output
voltage and the reference increases to 2 V.

As we can see in previous Figures, we have sized
the symmetrical boost-discharge converter an output
voltage around 62 V, easily implemented for the ex-
perimental part of this work. This voltage is not high
enough to feed the grid or a standard load directly. Of
course, directly reaching a 220 V of RMS voltage of
the grid is achievable with a proper sizing of the boost
but, in this topology, it would increase the losses and
worsen the harmonic level. The RMS output voltage
is much higher than the reference voltage. Fig. 9 show
the direct output without transformer. The THD of
the voltage is 4.5% with a difference between the effi-
case voltage of the inverter and the reference of 8 V.
The simplest solution to this problem the adding of a

. THD 50 HZ RMS
Inverter voltage 3% 64.2 V

Inverter voltage-Ref 0.09% 62.22 V
Inverter current 2% 4.16 A

Fig. 8: Inverter output (Current, Voltage) with a purely induc-
tive load.

. THD 50 HZ RMS (Average)
Voltage Boost . 228 V (209.2 V)

Voltage Boost-Ref . 220 V (198 V)
Inverter voltage 4.5% 228 V

Inverter voltage-Ref 0.094% 220 V

Fig. 9: Direct output without transformer.

step-up transformer to reach the desired output volt-
age. We have implemented this solution and experi-
mental results are shown in Fig. 10. The THD is only
1.08 % for the voltage and current at the transformer
output.
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. THD 50 HZ RMS
Inverter voltage 1.35% 62.76 V

Voltage Transformer 1.08% 228 V
Inverter current 1.08% 4.36 A

Current Transformer 1.08% 1.2 A

Fig. 10: Transformer output (Current, Voltage).

Fig. 11: Estimated inverter efficiency. and evolution of THD as
a function of load.

For a constant and nominal irradiation and tem-
perature, the current supplied by the panel does not
significantly vary. If the consumed power decreases,
the surplus power is dissipated in the discharge circuit.
The closer the load is to the maximum bearable load
the better the efficiency will be, as illustrated in the
Fig. 11. The converter’s efficiency is promising in nom-
inal operation; the losses increase with the decrease of
the load.

In nominal operation, the THD resulting of the out-
put voltage conversion is found very good (around 1
%). As previously mentioned, it deteriorates the more
the load decreases. The worst THD is attained in a
no-load operation (3.5%), as shown in the Fig. 11 .

Using proteus, the simulation results show an av-
erage switching frequency between 5 and 10 khz

with instantaneous peaks at 18 khz for t =
{0, T/4, T/2, 3T/4}. This average switching frequency
was found as predict mainly dependent on the boost di-
mensioning and the load. To conclude the presentation
of this work, we present in Fig. 12 showing the clear
form of the output of the symmetrical boost-discharge
converter under proteus.

Fig. 12: Voltage Invertir (Proteus).

Fig. 13: FFT analysis of the output transformer voltage.

Fig. 13 depicts the FFT analysis of the output volt-
age from the transformer. The maximum amplitude of
the fundamental voltage reaches 321 V. Furthermore, it
is evident from Fig. 13 that the harmonic voltages gen-
erated by the inverter are odd multiples of the funda-
mental frequency, which is 50 Hz. The third harmonic
stands out, displaying a maximum amplitude of 2.5 V.
In a general context, the amplitude of each harmonic
voltage diminishes proportionally with its frequency.

4. Conclusion

The symmetrical boost-discharge converter developed
in this study and discussed in this paper is based on
an original topology integrating a minimum of compo-
nents ensuring the conversion in two stages in cascade.
We have shown that this topology associated with an
original control allows a conversion of DC/AC voltages
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coming from a renewable energy source and feeding a
220 V AC load, with an interesting total harmonic dis-
tortion rate lower than 2% and a good conversion effi-
ciency estimated at 92%, as well as a a good robustness
to load variations. However, power switches must with-
stand a switching frequency ranging from a few 2 kHz
to 20 kHz. These two values represent the lower and
upper limits between which the frequency varies over
a single half-period; these limits are directly imposed
by the control. The average switching frequency value
ranges from 5 kHz to 10 kHz.
The simulations also highlight some improvements to
be made, such as reducing the average switching fre-
quency. the control used, although very powerful, cre-
ates a permanent error. As a result, the voltage is
slightly higher than the reference and does not allow
a perfect zero crossing. These problems must be mini-
mized in order to improve this topology.
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