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Abstract- Organic solar cells are cheaper and easier to produce than inorganic solar cells. In addition, organic solar cells have a
wide range of applications due to their flexible structure. However, since the efficiency of organic solar cells is lower than that
of inorganic solar cells, studies are carried out to increase efficiency. Maximum power point monitoring studies in solar systems
provide improvement in the efficiency of these systems. DC-DC converters are needed for the application of maximum power
point tracking algorithms to solar systems. Due to the high output voltages of organic panels, specially designed converters
should be used to apply maximum power point algorithms to these panel types. Flyback converters are preferred in high voltage
applications because their output circuits are isolated from the input circuits. In this study, considering the advantages and
deficiencies in the literature, a polymer-based organic panel produced by the R2R method was used. Considering the high output
voltage of the organic panel, characteristic curves were obtained and flyback converter design was carried out depending on the
values in these characteristic curves. In this way, with the smaller, more powerful, and portable converter, compact devices such
as mobile phones and smart watches will be able to be charged with portable, foldable, lightweight organic panels in their
environment or in open air environments.
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1. Introduction areas thanks to their low cost and flexible structure [3] are the

main reasons which is count for increase to research on

Solar energy is an endless source of electrical energy.
Energy generation from solar cells is a noiseless, non-toxic,
maintenance-free technology. Especially in recent years,
organic solar cells have become a popular type of solar cell.
Polymer-based organic panels produced by the R2R (roll-to-
roll) method are preferred among organic panels due to their
easy and fast production techniques, and their development
has continued in recent years [1]. In addition to the high
efficiency in inorganic solar cells, the production costs are also
quite high. For this reason, the advantages of Organic
Photovoltaic (OPV) cells such as being easy to produce
compared to inorganic solar cells [2], and having wide usage

organic solar cells. For this reason, efforts to reach higher
yields have been accelerated by using methods such as
different production techniques [1], the use of different
materials [4] to increase efficiency in organic panels [5].

By using maximum power point tracking methods, solar
panels can be utilized with high efficiency [6, 32]. In line with
these studies, Maximum Power Point Tracking (MPPT)
methods performed on organic solar panels can improve their
efficiency [7,33].

DC-DC converters are the basic circuits of MPPT
applications in renewable energy systems [34, 37]. DC-DC
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converters have the ability to convert DC input voltage value
to DC output voltage values at different levels [8, 36]. DC-DC
converters are structurally examined in two main groups as
non-isolated and insulated. Flyback converters are included in
isolated DC-DC converters. Flyback converters are also
preferred in MPPT circuits in solar systems due to their
advantages such as the small number of circuit elements, wide
input voltage range, isolation of the output circuit from the
input circuit, and having more than one output voltage value
[6, 7].

We can examine the publications related to the work we
have carried out under 3 headings. These are publications
involving organic panel structures, those related to flyback
converter design, and studies involving maximum power point
tracking methods.

When the studies on organic panels are examined;
examination of organic semiconductors in terms of
commercialization and market [3], portable Current-Voltage
monitor design of roll to roll (R2R) OPV modules with low
current and high voltage [10], comparison of material, cost,
production  techniques, environmental effects and
sustainability aspects of organic and inorganic panels [2],
maximum power point tracking using RTO optimization
algorithm in OPV cells [7], investigation of the level of
efficiency of organic panels according to studies conducted in
recent years [5], investigation of indoor characteristics in case
of using wide range non-fullerene acceptor in high
performance OPV cells [4], production techniques of
polymer-based organic panels produced by roll to roll (R2R)
method [1], comparison of open circuit voltages in organic
panels of different structures produced by roll to roll (R2R)
method [11], evaluation of indoor efficiency of encapsulated
organic panels coated with roll to roll (R2R) method [12], high
efficiency flexible organic panel design in indoor applications
[13], investigation of stability, yield and synthetic complexity
of photoactive material in high efficiency organic panels [14],
investigation of recent developments in terms of material,
device and processing method in thick-film organic panels
[15] studies have been carried out.

When the studies on flyback converter design are
investigated; planar flyback transformer design for LED
lighting powered by PV source [16], flyback converter design
simulation and experimental studies for solar system [17],
flyback converter based MPPT simulation study for a
photovoltaic system [18], closed loop controlled flyback
converter design for a PV system [19], advanced Flyback
converter design for PV applications [20], design of an MPPT-
based grid-connected photovoltaic system using flyback
converter [21], push-pull Flyback converter design for
photovoltaic systems [22], application of low cost P&O
(Perturb & Observe) and INC (Incremantal Conductance)
MPPT algorithms for Proteus software-based flyback
converter [9], high gain flyback DC-DC converter design for
PV systems [8], multi-output isolated flyback converter
design and implementation [24], various studies have been
carried out.

When the studies including MPPT tracking applications
are examined; modeling the whole photovoltaic system as
sub-modules and applying MPPT to each sub-module

separately [25], simple structure and low cost P&O based
maximum power point tracker design [26], Design of an
MPPT-based grid-connected photovoltaic system using
flyback converter [6], application of low-cost P&O and 1&C
MPPT algorithms for Proteus software-based flyback
converter [9], simulation study for flyback converter based
maximum power output control for photovoltaic system [18]
studies have been carried out.

When the studies on the radiation characteristics of
organic panels were evaluated, it was observed that the cell
size characteristics were examined in general [4,5]. On the
other hand, in the literature, there is a deficiency in examining
the characteristics of organic solar cells, panel sizes, and
radiation-related characteristics.

In addition to these studies, publications in which organic
photovoltaic panels and DC-DC converters are used together
are detailed. Accordingly, Valverde et al. In their study, they
designed a current-voltage monitor for organic photovoltaic
panels larger than 5kV. In order to isolate the load side from
the output of the organic photovoltaic panel in the current-
voltage monitor electronic circuit design, a ready-made DC-
DC regulator module with an output voltage between 12V and
3.3V is used [10]. Wu et al. In their study, they designed a
buck-boost converter for an organic photovoltaic panel with a
maximum output voltage of 5V. Since the organic
photovoltaic panel used in the study has a low output voltage,
there was no need for a converter design to isolate the load
side from the organic photovoltaic panel output. It has been
observed that the output voltage changes in the range of 2V-
4V in response to the change of the input voltage in the range
of 3V-5V [29]. Prasad et al. In their study, performance
analysis was made for dye-sensitive organic photovoltaic
panels using buck-boost converter and maximum power point
algorithms. The switching frequency on Buck-Boost can
switch up to 20 KHz [30]. Venkateswari and Sreegjith
investigated the basic materials affecting the efficiency of
solar panels, the maximum power point tracking algorithms
and the basic DC-DC converters used for power conversion.
When the features of the converters examined here are
detailed, it is shown that while the buck converter works only
in the decreasing direction and the boost converter works only
in the increasing direction, flyback, push-pull, half bridge, full
bridge converters provide DC-DC conversion in both
directions. When the DC-DC converters evaluated in the study
are evaluated in terms of complexity in their electronic circuit
designs, it has been shown that buck, boost and buck-boost
converters have a low level, flyback converters have a medium
level, push-pull, half bridge and full bridge converters have a
higher level of complexity. Among these converters, only
flyback converters do not need a choke coil since a
transformer is used [31]. When the studies in which organic
panel and DC-DC converters are used together are evaluated
in general, buck-boost converters are used because there is no
need for load-side isolation for small-sized organic
photovoltaic panels .

There is no study on flyback converter design based on
the characteristic analysis of organic panels.

In this study flyback converter design was carried out for
polymer-based high output voltage organic panels produced
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by roll to roll (R2R) method, considering the deficiencies in
the literature and the advantages it provides. The characteristic
features of organic panels differ depending on the material
from which they are produced. Therefore, the organic panel
used in the study; current-voltage (I-V) and power-voltage (P-
V) characteristic curves were obtained in accordance with the
size, properties and different radiation levels. Depending on
the characteristic curves and datasheet information, which is
obtained, the parameters of the flyback converter were
determined and the design was carried out.

Since the organic photovoltaic panel used in the study has
the feature of high output voltage, it is ensured that the organic
photovoltaic panel output side and the load side are isolated
from each other with the flyback converter design. In addition,
the designed flyback converter can be used in a wide input
voltage range. A clamp circuit has been added to the converter
input in order to eliminate the leakage current on the coil on
the primary side of the transformer used in the flyback
converter. Thus, the leakage current caused by the coil on the
primary side of the flyback converter is eliminated. A diode
with fast response feature has been added to the converter
output so that the flyback converter can respond quickly to
radiation changes in the system. In addition to these, the
MOSFET used in the converter design has a switching feature
up to 100 KHz.

It is foreseen that a similar design is applicable for organic
panels with different characteristics. In outdoor environments
where access to electricity is difficult, small powerful,
portable, compact devices such as mobile phones, smart
watches and tablets can be charged with the OPV supported
flyback converter. In addition, the realized flyback converter
structure is designed to work in harmony with MPPT
algorithms. In this way, the use of flyback converter circuit
and MPPT algorithms together will improve the efficiency of
organic panels, which have many advantages as mentioned
above.

2. Flyback Converter Design

DC-DC converters are used to obtain the maximum power
output of photovoltaic panels [26, 21]. Types of DC-DC
converters such as buck, boost, buck-boost, flyback, push-
pull, half-bridge, full-bridge are wused in studies on
photovoltaic panels. While buck and boost converters provide
aone-way DC-DC conversion, flyback, push-pull, half bridge,
full bridge converters provide DC-DC conversion in both
directions. In terms of design simplicity, buck, boost and
buck-boost converters have a more easily applicable structure,
while half-bridge and full bridge converters have more
complex structures. In buck, boost and buck-boost converters,
there is no isolation between the converter input side and the
output side. Flyback converters, on the other hand, are not
very complex in terms of being applicable and have an isolated
design [31]. Organic panels are photovoltaic structures with
high output voltage. High voltage poses a problem in charging
low power loads. Therefore, DC-DC converters are needed for
organic panels to be used in low-power systems. Due to the
high output voltage of the organic panels, a flyback converter
design has been carried out in which the load can be isolated
from the panel. Compared to other DC-DC converters, flyback

converters are primary side isolated from the load. It can also
produce a regular output voltage despite wide input voltage
variation. Due to the high output voltage of the organic panel,
flyback converter design has been carried out.

As seen in Fig.1, there is a transformer used in flyback
converters to provide isolation, energy storage and voltage
conversion between the input voltage and the load connected
to the output side. The polarities of the primary and secondary
windings on the transformer are designed in such a way that
while current flows from one of them, no current flows from
the other [9,35].

oPV

Fig. 1. OPV Assisted Flyback Converter Circuit Diagram

During the design of flyback converters, parameters such
as switching frequency, transformer conversion ratio, output
resistance, magnetic inductance should be determined [8].

The first parameter to be determined is the switching
frequency, it has a very important value in determining other
parameters and an optimum switching frequency should be
selected. This value has been determined as 100KHz for the
designed flyback converter.

In determining the transformer conversion ratio, it is
necessary to determine the relationship between the primary
and secondary windings of the transformer used [9].
Transformer conversion ratio n is calculated as ny/n, =9/1.

Vo 1-D (1)

In Eq. (1), n=n1/n; is expressed as transformers ratio and
duty cycle as D. V, represents the output voltage, and Vi
(Vmpp), represents the voltage value of the maximum power
point obtained for the organic panel.

Equivalent resistance Req and output resistance Rout are
calculated using Eq. (2) and (3) with determined n, D, Vin ,
current of the maximum power point obtained for the organic
panel lin (Impp) values [17].

Req =7 )
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i Req.D?.n?
out — (1 _ D)z (3)

The magnetic inductance L, used in the circuit is a very
important element for flyback converters. The value of Ly
should be an acceptable value for modeling the transformer.
Voltage Vim and magnetic inductance Ly values on magnetic
inductance are calculated using Eq. (4)-(5), respectively [25].

_ _ dl,,
VLm = Vin = Lm-E (4)
Vin. D
Ly = —2—
LT ®)

While calculating Ln inductance value, magnetic
inductance current change 417y, switching frequency fs, panel
input voltage Vi, and duty cycle value D, are taken into
account.

The parameters to be considered while choosing the
MOSFET in the flyback converter circuit are the current
flowing through the MOSFET and the voltage value that the
MOSFET can withstand. Calculations should be made
considering the maximum voltage value on the MOSFET
while the MOSFET is in cut-off . The maximum voltage that
will fall on the MOSFET Veer voltage can be calculated by

Eq. (6) [17].
Vout

n

Vegr = Vin + (6)

In order to avoid safety problems due to MOSFETS, the
MOSFET withstand voltage should be used greater than twice
the calculated value .

As with the MOSFET, the rectifier diode is determined by
the maximum voltage Vp it will calculated in Eq. (7) [27].

Vp = Vip.nt + Voue @)

The clamp circuit on the flyback converter ensures that
the current on the leakage inductance is eliminated. In order to
protect the MOSFET, we should make our calculations
according to the maximum voltage that the MOSFET can
withstand, Vs, and the maximum value of the input voltage,
Vinmax. According to this, the voltage on the clamp circuit is
calculated according to Veiamp EQ. (8).

Vclamp = Vow — Vinmax (8)

Relamp Value in clamp circuit is calculated by Eq. (9) by
using power 10ss Pioss and voltage Veiamp Value in clamp circuit.

2
Vclamp

(9)

After obtaining the Rciamp Value, the capacitor range value
of the clamp circuit, Ccamp, can be calculated in Eq. (10).

Rclamp = Pross

Rclamp- Cclamp> 10. Ty, (10)

The output capacitor in the flyback converter circuit is the
element that limits the ripple value in the output voltage. In
order to create the desired voltage fluctuation at the output, we
must calculate the output capacitor Cou value. We can
calculate the output capacitor value by using Eg. (11) with
output voltage Vou, duty value D, switching frequency fs and
output resistance Roy values [25].

D.Vyut
fsw- Rout- AVout

Cout =

(11)

3. Organic Panel Characteristics and Calculation of
Flyback Converter Parameters

Polymer-based organic panels produced by the R2R (roll-
to-roll) method have the advantages of being easy and cost-
effective, being flexible, and are preferred among organic
panels [1]. In this study, polymer-based organic panel
produced by roll to roll (R2R) method was preferred
considering the advantages it provides.

For the organic panel, Current-Voltage (1-V) and Power-
Voltage (P-V) characteristic curves depending on the radiation
falling on the panel to be used for the design of flyback
converters are needed. For this reason, in this part of our study,
primarily characteristic curves of the organic panel were
obtained, and flyback converter design was carried out
depending on the values in the characteristic curves.

Fig. 2. Experiment Setup for Organic Panels

The experimental setup set up to obtain the characteristic
of the Organic Panel at different radiations is shown in Fig. 2.
The organic panel used in the study belongs to Infinity PV
company and consists of polymer-based organic cells
measuring 305mm x 1000mm. |-V and P-V curves suitable for
the panel dimensions used in the experimental setup are not
included in the catalog and related literature. Therefore, in
order to determine the characteristic properties, first of all, the
I-V and P-V characteristic curves of the organic panel were
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obtained under different radiation conditions, at T=25°C.
During the experimental studies, 6 halogen projector lamps
with 1000 watts of daylight feature were used. Halogen lamps
are placed on the organic panel in such a way that there is
homogeneous radiation distribution. The amount of radiation
was adjusted by the distance of the organic panel to the
projectors. The radiation value was measured with the Apogee
SP-215 pyranometer and the panel surface temperature was
measured with the IOSENSE IO-TRH-INDR temperature
transmitter. When halogen lamps are turned on, the panel
surface temperature increases. In order to prevent the
structural deterioration of the organic panels as a result of
temperature and to keep the panel surface temperature
constant, a cooling fan was used.

During the experimental measurements, different
irradiance values were obtained by changing the distance
between the panel and the halogen lamps. The temperature
value is fixed at T=25 °C. Depending on the measurement
results, the -V characteristic curves obtained on the
MATLAB program are shown in Fig. 3. Accordingly, when
the organic panel characteristic curves were examined, it was
observed that the open circuit voltage decreased with the
amount of radiation. However, the short-circuit current value
also decreases with the amount of radiation.

25 - . . . - - v ; !

20

&
:

Current, I[pv (mA)
]

L L 1 L L J
0 10 20 30 40 50 60 70 80 90

Voltage, Vpv (V)

Fig. 3. Organic Panel I-V Characteristic Curve

The P-V characteristic curves obtained as a result of the
measurements are shown in Fig. 4. When the graphic values
are examined, it is observed that the power value of the
maximum point decreases with the radiation. In addition, the
voltage values of the maximum power points decrease with
radiation.

After obtaining the characteristic curves of the organic
panel, the parameters of the flyback converter can be
calculated. For safety purposes, the flyback converter
parameters were calculated considering the maximum
irradiance value G=1000W/m? for the organic panel and
shown in the P-V characteristic curve in Fig. 5. Accordingly,
flyback converter parameters were calculated based on the
voltage Vmpp and current Iy values of the maximum power
point for the maximum radiation G=1000W/m? and the
measurements determined for the organic panel during the
experimental studies.
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Fig. 5. Maximum Irradiance P-V Characteristic Curve

Organic panel and flyback converter parameters to be
designed were obtained as a result of experimental
measurements and given in Table 1. In the calculations, the
voltage Vimpp and current Iy values of the maximum power
point are accepted as 40V and 12mA in order to be in a safer
area.

Table 1. Organic Panel and Flyback Specification

ORGANIC PANEL and FLYBACK FEATURES

Photovoltaic Panel Input Voltage (Vinmax) 85V
Flyback Load Voltage (Vout) 5V
Flyback Load Current (lout) 0.2A
Flyback Load Power (Pout) 1Watt
Panel Open Circuit Voltage (\Voc) 82Vv
Panel Short Circuit Current (Isc) 35mA
Voltage Value of Maximum Power Point 40V

(Vmpp=Vin)

By using the flyback converter design equations given in
Chapter 2 and the values of the organic panel in Table. 1, the
parameters and component values of the flyback converter
were calculated. While calculating the design parameters,
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100KHz was chosen considering the switching frequency,
operating frequencies of the MOSFET and the transformer
used. In the study, the duty cycle value was taken as 0.5 max.
Diode 1N4148 with fast response feature is used on the clamp
circuit. After this stage, simulation studies were carried out.

4. Flyback Converter Simulation Studies

During the simulation design of the flyback converter,
first of all, the organic panel parameters in Table 1 were
obtained as a result of experimental measurements. By using
the organic panel parameters obtained afterwards, the
parameters of the flyback converter design were calculated.
Depending on the final calculations, the flyback converter
MATLAB/Simulink model design has been carried out. The
realized simulation model is shown in Fig. 6.

While determining the flyback converter parameters,
calculations were made according to the standard test
conditions [28] for the radiation and temperature value,
considering the organic panel measurements at the maximum
radiation value G=1000W/m? and the temperature value at
T=25°C, which is accepted as the optimum temperature. The
voltage value of the maximum power point at this radiation
and temperature was measured as 37.42V and the current
value as 9.08 mA. However, while designing, the voltage of
the maximum power point is accepted as 40V and the current
as 12mA for safety purposes. The maximum duty cycle value
(D) accepted in the calculations for these values is 0.5.

Fig. 6. Flyback Converter MATLAB/Simulink Model

The radiation value is G=1000 W/m?, the temperature
value is T=25°C, applied to the panel input, and the 0.5 duty
cycle value accepted in the calculations for this temperature
and radiation is applied to the MOSFET input on the
simulation model. When the simulation is run, the current and
voltage values observed at the panel output coincide with the
current and voltage values in Table 1 of the maximum power
point. The results of the simulation are shown in Figure 7.

However, in Fig. 7.b, when the radiation value is G=1000
W/m? and the panel surface temperature value is T=25 °C, it
is observed that the load voltage is Vi =4.7V and the load
current is 1.=0.2A on average. It has been observed that these
values coincide with the load current and load voltage values
in Table 1 determined during the design. After the simulation
results, experimental studies were started for flyback
converter design.
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Fig. 7. a) Panel Voltage, Current, Radiation and Temperature
Curves b) Load Current and Load Voltage

5. Experimental Studies

The flyback converter circuit design for the organic panel
is shown in Fig. 8.

(] 7 '

Generator

v [ ,‘” B l ‘ %

Fig. 8. Flyback Converter Circuit Design and Experimental
Studies

During the experimental study, the performance of the
converter was analyzed with the potentiometer used as a load
under the radiations of 300W/m? and 100W/m?. The panel
voltage was measured as Vp=31V for 300W/m? radiation
value and as V=10V for 100W/m? radiation value. In the
study, it has been shown that the load voltage and current
values of the Flyback converter can be controlled depending
on the change in the organic panel voltage and the change in
the duty cycle. When the load resistance changes in the
flyback converter, the duty value should be automatically
adjusted to a new optimum value in order to control the power
transferred from the converter. Therefore, MPPT must be
applied in order to transfer the converter input power to the
output at the maximum rate. For this reason, the operation of
the system was investigated under single load condition under
different radiations.

In the experimental results of the designed circuit, the
voltage at the panel output when is measured as Vpy=31V
depending on the radiation, according to the oscilloscope
outputs, in Fig. 9a, when the switching frequency is
f=100KHz, the duty cycle value is D=0.51, the voltage on the
load is at V1 =2.92V has been observed. However, as a result
of the simulation in Fig. 9b, the voltage on the load is V=3.7V
for the same panel output voltage and duty cycle value.
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In addition, considering the results given in Fig. 9,
f=100KHz, duty cycle value D=0.51 was kept constant in this
stage of the experimental study, and it was observed on the
oscilloscope outputs that the average value of the load voltage
decreased from 2.92V to 0.7V by decreasing the panel voltage
from V=31V to V=10V. As a result of the simulation, the
load voltage was observed at 1.1V. The results obtained with
these values are given in Fig. 10.
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Fig. 10. Load Voltage (VL) and Duty Cycle (D) a)
Experimental Result b) Simulation Result

Similarly, in Fig. 9, considering the experimental results,
the panel voltage and switching frequency were kept constant,
and it was observed that the average value of the load voltage
decreased from 2.92V to 0.87V as the duty value was reduced
from D=0.5 to D=0.2. Results of this experimental study given
at Fig. 11.

Considering the environmental factors and losses during
the application, it was observed that the simulation and
experimental results were compatible. It has been observed
that the flyback converter output voltage can be controlled in
accordance with the duty cycle and panel input voltage.
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Fig. 11. Load Voltage (VL) and Duty Cycle (D)
a) Experimental Result b) Simulation Result

6. Conclusion

In this study, current-voltage (I-V) and power-voltage (P-
V) characteristic curves were obtained for polymer-based
organic photovoltaic panel produced by R2R (roll to roll)
method, whose properties are given under different irradiance
values. These characteristic data will contribute to the studies
of organic panels in the simulation environment. In addition,
flyback converter design has been carried out for the organic
photovoltaic panel depending on the current-voltage (1-V) and
power-voltage (P-V) characteristic curves. In addition, with
the flyback converter design for organic panels, small
powerful, mobile compact devices will be able to be charged
in the open-air environments. The designed flyback converter
is designed to be controlled by the output voltage, panel input
voltage and duty value, and its accuracy has been observed
through experimental studies. Thus, the designed flyback
converter circuit can be used integrated with the maximum
power point algorithms.
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