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Abstract—The Coach6 software and the Coachlabll+ measuring console coupled with a computer and equipped with
appropriate voltage and current sensors were used to determine the current-voltage and power-voltage characteristics of the
photovoltaic cells. The current-voltage and power-voltage characteristics for a single cell and cells connected in series and in
parallel were tested depending on the light intensity. Using a simplified theoretical model of a photovoltaic cell based on the one-
diode equivalent circuit and Shockley diode equation, the ideality factor, diode saturation current and source current were
determined, fitting the appropriate theoretical relationship to the measurement results. Based on the current-voltage and power-
voltage characteristics, the short-circuit current, open circuit voltage, maximum power, fill factor, conversion efficiency and load
resistance were determined. The dependence of the determined parameters on the light intensity was discussed.
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INTRODUCTION

The renewable energy sources are becoming in today's
reality an important alternative to obtaining clean and
emission-free energy necessary for the functioning of the
economy and the advance of the prosperity of civilization
[1, 2]. Particularly great interest and the development of
new energy sources is related to photovoltaic panels (PV)
that use a direct conversion of the photon’s energy of the
electromagnetic radiation into electricity [3,4]. The
photovoltaic effect, discovered by Becquerel in 1839,
belongs to the group of internal photoelectric phenomena.
Moreover, the solar energy is used to power residential
buildings, cars, watches, calculators, etc. Thanks to systems
based on PV cells, the security and energy independence of
households is increasing, especially in the perspective of
growing energy prices on the market.

The technology of PV cells is based mainly on the
semiconductor properties of silicon and is constantly being
improved. Semiconductor materials used in PV panels are
either crystalline, polycrystalline or amorphous form. The
production of crystalline silicon is based on a method
developed by the Polish scientist Czochralski [5]. Other well-
known semiconductor materials include germanium (Ge),
copper oxide (Cu20), selenium, PbTe, PbS, SiC, InSb, GaAs
and graphite. At absolute temperature an ideal
semiconductor crystal would be an insulator. Characteristic

semiconductor features are caused by thermal excitations,
impurities, defects of crystal lattice and slight differences in
chemical composition. Semiconductors, and mainly silicon
are used to build diodes, transistors, integrated circuits or
microprocessors [6].

However, the investigations are conducted on a large
scale to increase the efficiency of PV cells by using other
materials, e.g., dyes, perovskites, nanocomposite systems,
liquid crystals, etc. [7-10].

In order to study the parameters affecting the efficiency
of PV panels (e.g., ideality factor, series and shunt
resistance), mathematical models are used to simulate the
operation of PV in environmental conditions and their
optimization [11]. In the simulation process, |-V and P-V
characteristics are obtained and compared to the
characteristics of the real PV panels. Various models are
proposed to analyze the |-V characteristics of a PV cell [12-
16]. One of the most popular solutions is based on the one-
diode equivalent circuit and Shockley equation model [12].
In order to predict the power of the PV panel, simulations
are carried out for standard conditions, i.e., temperature
298 K, light intensity 1000 W/m? and the solar spectrum AM
1.5 [13]. The efficient methods for determining the basic
parameters of a PV cell from a single |-V characteristic using
the Lambert W function were proposed [14, 15]. The
determined equation for the current depends only on such
parameters as ideality factor n, the series resistance Rs, and
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the shunt resistance R, [15]. Another method proposes to
determine the basic parameters of a PV cell from the I-V
characteristic consists in the combination of an improved
constant illumination level method and the fitting method
[16].

The paper presents a short review of photovoltaic cells
based on various methods of converting photon energy into
electric current and the use of a simplified theoretical
description of the current-voltage characteristic to
determine the basic parameters of photovoltaic cells.

l.  TYPES OF SOLAR CELLS

Several generations of photovoltaic cells can be
distinguished due to their construction and the materials
used in which the process of photon energy conversion into
electric current takes place [17]. The process of converting
photon energy into electrical or chemical energy is a three-
stage process involving the formation of an exciton
(electron-hole pair), separation and migration of electrons
and holes to the external circuit.

The first-generation photovoltaic cells can be made of
crystalline or amorphous silicon. Monocrystalline silicon is
produced by the Czochralski method already mentioned
above [5]. The efficiency of monocrystalline cells is around
22%. Polycrystalline cells are obtained by melting silicon in
special forms, grinding the surface and applying current
paths by screen printing. The efficiency of this type of cells is
15-18% and they are more often used on the market.

In order to improve the PV cell efficiency, its upper
surface is covered with an anti-reflective layer. The PV
module consists of many interconnected PV cells that are
secured to surface with EVA foil (Ethylene Vinyl Acetate foil),
and on the bottom with PET foil (polyethylenterephthalat
foil). The whole system is placed in a stiffened frame
aluminum closed with tempered glass. The module contains
the appropriate pins electric.

The second-generation PV cells are thin-film cells (layer
thickness greater than or equal to 1 um) usually made of
amorphous silicon a-Si (efficiency 6-8%), cadmium telluride
CdTe (efficiency 12-17%) or indium copper selenide CIGS
(efficiency 13 -16%). They are made by sputtering a thin layer
or many layers of a given material onto the surface of glass
or metal. An interesting solution are HIT (Heterojunction
with Intrinsic Thin layer) cells with an efficiency of 22.8%,
built on the basis of a single layer of n-type monocrystalline
silicon, adjacent to thin layers of n-type amorphous silicon
on one side and p-type on the other side [18].

Another example in the construction of PV cells are
silicon photovoltaic cells made with back electrode
technology (Back Contact or Metal Wrap Through) achieving
very high efficiency of over 22% [19]. Placing the electrode
on the back of the cell saves the active surface of the top
layer, which increases its efficiency.

The third-generation of PV cells is based on a reversible
photochemical process in which a dye plays a major role
(Dye-Sensitized Solar Cell — DSSC, DSC or DYS) [20]. It is
a multi-layer structure consisting of a porous titanium oxide
(TiO2) semiconductor saturated with dye, an electrolyte
consisting of a solution of iodine and potassium iodide, and
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a platinum catalyst layer. All components are sealed in a
glass cell with appropriate TCO (Transparent Conducting
Oxide) electrodes. The efficiency of DSSC cells is around 15%,
and the advantage is the possibility of applying, for example,
on the glass of building windows.

The PV cells operating on the principle of other physical
phenomena include cells that use nano-structural materials.
TiO, sensitized with quantum dots of cadmium selenide
(CdSe) or cadmium sulfide (CdS) placed in an appropriate
electrolyte can act as a layer that converts light energy into
electricity [21]. The system is closed in a sealed glass cell with
sputtered electrodes. By changing the size of quantum dots,
they can be sensitized to specific wavelengths, similarly to
cells with a dye. Quantum dots can also be dispersed in
poly(methyl methacrylate) (PMMA) polymer matrix, where
the light absorbed by them is transported to PV cells placed
on the edges.

Il.  PEROVSKITE SOLAR CELLS

Perovskite photovoltaic cells are a promising class of
new generation solar cells based on the properties of
inorganic chemical compounds with the general structural
formula ABXs, where A is usually a cation from the alkali
metals or alkaline earth metals group, B is a cation with
a coordination number of 6 (usually titanium, niobium,
tantalum, manganese) and X is typically the oxygen anion
0% . The name of this group comes from the representative
material which is perovskite (calcium titanate (IV), CaTiOs). In
recent years, the efficiency of perovskite cells has increased
from 3.8% up to over 23.7%. In particular, lead-halide
perovskites  (CH3NHs)oso(Cs)o2oPbl2Br  have  unique
physicochemical properties such as appropriate conduction
band gap, high extinction coefficient and long carrier
lifetimes. This compound was used to form thin films using
aone-step deposition method [22]. Moreover, solar cells
based on mechanochemically prepared perovskite had
efficiencies 10% higher than those with traditional solvent-
based perovskite.

A perovskite cell usually consists of a conductive FTO
(Fluorine Tin Oxide) substrate, an electron transport layer
(ETL), a layer of perovskite and porous TiOz, a hole transport
layer (HTL) and an Au/Ag metal electrode. The perovskite
layer illuminated by light absorbs photons and injects
electrons into the conduction band of TiO, and the
generated holes are transported to the hole-containing
layer. The band gap of TiO; is about 1.5 eV.

Perovskite cells are characterized by greater mechanical
resistance compared to silicon cells, which are relatively
heavy, stiff and brittle. They can produce electricity even
when it is cloudy or in the shade and with artificial lighting.
They are also less sensitive to the setting in relation to the
direction of the incident light. Perovskite cells can be
produced at temperatures up to 373 K, while a temperature
of around 1300 K is needed to melt silicon, which
significantly reduces production costs. Interestingly,
perovskite cells can be applied to any surface (e.g., car
bodies, building facades, etc.) using painting or printing
technology, thanks to which they are thin and flexible.
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lll.  LiQuID CRYSTALS IN PHOTOVOLTAICS

As already mentioned in paragraph 1, organic materials
are more and more often used in the construction of
photovoltaic cells due to their easy availability and great
possibilities of modifying their structure [9, 10, 23]. Liquid
crystals are of great interest because of their self-organizing
properties. Liquid crystals are a state of matter with an
intermediate order between isotropic liquids and crystals.
There are two main classes of liquid crystals, thermotropic
and lyotropic. The molecules of thermotropic liquid crystals
have either a calamitic or discotic molecular shape. Due to
the arrangement of calamitic molecules, nematic,
cholesteric and smectic mesophases are distinguished [24].
Liquid crystals can be successfully used to modify the
properties and efficiency of PV dye cells as well as those
based on perovskite technology [25].

Consider the operation of an organic PV cell on the
example of using discotic liquid crystals [23, 26]. Discotic
liquid crystals are columnar phases where the columns form
conductive molecular wires due to the conductive aromatic
core of the molecule. In contrast, the flexible tails on the
edges of discotic molecules behave as an insulator.
Columnar phases are characterized by a high degree of
uniaxial charge-carrier mobility and show amazing ability to
electron and hole conductivity. In the multi-layer structure
of the PV device, discotic liquid crystal hexa-peri-
hexabenzocoronene (HBC) is used in combination with
perylene dye forming a large interfacial contact area [23].
The created junction structure in the form of a diode exhibits
a fairly efficient photovoltaic effect. In addition, a method
was presented to increase the power conversion efficiencies
of solar cells by placing a layer of discotic liquid crystal
hexabutyloxytriphenylene (HAT4) between the active layer
and the hole transport layer [27]. HAT4 molecules placed in
the active layer contribute to improving the mobility of
charges.

An interesting application of liquid crystals is the
modification of the electrolyte in DSSC cells [28]. The
innovative electrolyte contains of two-component liquid
crystal consisting of a carbonate-based mesogen and an
jonic liquid, which self-assembles into a two-dimensional
structure forming a well-defined conduction path for the
jons. DSSC cells containing this electrolyte are characterized
by exceptional open-circuit voltages and increasing power
conversion efficiencies with increasing temperature.

IV. PHOTOVOLTAIC EFFECT

As already mentioned in the introduction, pure silicon at
absolute zero temperature is an insulator. After increasing
the temperature, the phenomenon of intrinsic conductivity
associated with the breaking of the valence bonds in the
silicon crystal lattice is observed. In practice, crystalline
silicon is doped with atoms from the third group (by the old
nomenclature) of the periodic table, e.g., indium (In), and p-
type semiconductors (hole conductivity) with an excess of
holes are obtained. The extra energy band that results from
these extra holes at absolute zero lies slightly above the
bottom of the valence band and is called the acceptor band.

However, doping silicon with atoms from the fifth group

of the periodic table, e.g., arsenic (As), produces n-type
semiconductors  with  electrons excess (electronic
conductivity). In this case, the extra energy band that results
from these extra electrons at absolute zero lies slightly below
the bottom of the conduction band and is called the donor
band.

After the formation of the p-n junction, an excess of
high-energy electrons is contained in an n-type
semiconductor, it passes through the contact surface to the
p semiconductor and connects with excess of positive
charges. At the same time, the holes move from p to n side
and recombine with excess of electrons. This process
continues until the Fermi levels are equals on both sides of
the joint. This leads to the creation of a potential barrier at
the junction, because the semiconductor n charges
positively and p charges negatively. In the transition area,
called the depletion area, an internal electric field is created.

When a p-n junction is illuminated with light, an
electron-hole pair (exciton) is formed. In the internal electric
field, the electrons are carried towards the semiconductor
type n, and the holes in the direction of the p-type
semiconductor. A potential difference arises between the
electrodes of the cell equivalent to the voltage Voc called the
open circuit voltage. For a short circuitin a cell, a current flow
through the cell with an short-circuit current Isc, and its
density jscis defined by the relationship:

jsczi ) (1)

where S means the active surface of the PV cell.

The absorption of photons causes the electrons to move
from the valence band to the conductivity band only when
the photon energy Eris greater than the energy gap width Eg,
thatis:

hc
Ef:hf:7>Eg, (2)

where Planck's constant h = 6,637103 Js, speed of light
¢ = 3'10% m/s, f is the frequency of electromagnetic wave,
and A is the wavelength of light.

V. IVIODELLING OF SOLAR CELLS

Asimplified schema of the equivalent circuit of the single
diode model of PV cell is shown in Figure 1. The solar cell can
be represented as a current source I connected parallel
with the diode. The diagram also takes into account two
resistances Rs connected in series and R, connected in
parallel. Rs is related with the Joule effect losses due to the
metal gride, semiconductors materials, etc. [11]. Ry is called
the parallel leakage resistance or shunt resistance. Its typical
value is greater than 100 kQ and may be omitted in many
applications, except for low lighting.
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Fig. 1. Diagram of the equivalent circuit of PV cell

In this case, the output current | can be expressed by the
following equation [12]:

q(V+IR V+IR
I=1_—1,| ex = |-1]- > 3
ph 0|: p[ nkBT j i| R ’ ( )

P

where lois a diode saturation current, q is an electron charge
(1.6:10™ C), ks is a Boltzmann constant (1.38:102% J/K), n is
an ideality factor (from 1 to 2), Tis an absolute temperature.
Since the value of R, can be treated as infinite, equation (3)
takes the form:

o(V+IR,
Izlph 7'0 |:eXp[nkBT]1i| . (4)

In the case of ideal PV cell, the equation (4) simplifies to

the form:
qVv
1=l —I,| exp| — [-1 5
ph 0|: p(nkBTj i|1 ()

where the second term in the equation (5) represents the
known Shockley’s diode current Ip formula for
semiconductor materials.

It should be noted that the equation (3) cannot be solved
analytically. However, with the help of Lambert W function,
the solution can be given as [14, 15]:

_V_ R,R, R +V) . nk,T

lambertw
R, R.(R, +R;) .
)
y al,R R, ox RAR],, +R, +V)
nk, TR, +R,) nk,T(R, +R,)

where lambertw means Lambert W function. The
parameters lo, Ipn, N, R, Ry can be obtained using numerical
fitting method of the photovoltaic cell I-V characteristics
found experimentally.

VI. CURRENT-VOLTAGE CHARACTERISTICS OF A SOLAR CELL

For an ideal PV cell, the current-voltage characteristics
I-V should have rectangular shape with sides Isc and Voc.
Maximum power of an ideal cell Pi = IscVoc is always greater
than the maximum power of the real cell Pmax = ImVm , where
Im and Vi are the coordinates of the point P located at the
maximum power (Figure 2). The blue line in Figure 2 shows
the power-voltage (P-V) characteristics of the PV cell with
the marked maximum power point.

6 T T T
— illuminated PV cell

44— underexposed PV cell — ]
—P=IV
2 |

\%

m

1 [mA]
N o
<-
o)
O

/e
04 02 00 02 04 06
UM

Fig. 2. The basic parameters describing the current-voltage
characteristics of the PV cell

The conversion efficiency n of a PV cell is defined as the
ratio of the maximum power Prax real cell to the power of
radiation incident on the cell:

P ELS
— _max 7
=" (7)
where L is the intensity of radiation incident on the cell and
Sisthe PV cell area.
The parameter called the fill factor (FF) can be
determined from the formula:
P
FP=—m2 (8)
ISCVOC
which after substituting to (7) gives the equation on the
nominal conversion efficiency of a PV cell:

_lseVocFF
s

The optimal PV cell load resistance is:

(9)

R=—. (10)
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VII. MEASUREMENTS

To determine the I-V characteristics of a photovoltaic
cells, the CMA (Centrum voor Microcomputer Applicaties)
measurement system was used, which enables acquisition
data and automation of physical measurements. The system
includes the CoachLabll+ console, sensors of various physical
quantities (e.g., temperature, pressure, force, light intensity,
current, voltage) and the Coach6 software enabling the
analysis of the data, and, more importantly, modeling and
performing simulation [29]. CoachLabll+ has its own
microprocessor, flash memory, external power supply, and
is connected to the computer via a USB port. Figure 3 shows
a picture of the CoachLabll+ console and the following
elements:

Fig. 3. The view of the CMA CoachLabll+ console [6]

- two analog BT (British Telecom) type inputs (1),

- two 4mm analog inputs (2),

- four pairs of bidirectional outputs (3),

- connecting the external power plug (4),

- connecting the USB cable (5),

- two digital inputs for connecting ultrasonic sensors (6),
- four LEDs indicating the status of each digital channel (7),
- green LED indicating that the interface is properly

powered (8).

Figure 4 shows graphical interface of the Coach6
software that enables to control the course of the
experiment, change of the experiment parameters and data
collection. The results are presented in the graphic, table and
analog meters form. Moreover, Figure 2 shows an example
of the recorded current-voltage characteristics of a single

E Vv
I 2,24 | 31,4
V | mA

e Sial )
Fig. 4. Graphical panel of the Coach6 software

CoachlLab, input 2

Pvm
N

CoachLab, input 1

Fig.5. Scheme of measurement setup: A - ammeter,
V - voltmeter, PV — photovoltaic cell, R — potentiometer,
S —switch

photovoltaic cell for the chosen light intensity.

Two photovoltaic panels with an area of S = 8.25-:10° m?
each were used in the experiment. The panels were
connected in series and in parallel. The measurements were
dan in the temperature of about 300 K. An incandescent
lamp was used to illuminate the PV panels.

The CMA 0222i current sensor with a measuring range
from -500 mA to +500 mA and the CMA 0210i differential
voltage sensor with a range of -10V to +10 V were used. The
light intensity was measured with the data logger light meter
AB-8809A. The measuring system also uses a variable
resistor module with a range of 100 Q. The connection
diagram of the measuring system elements is shown in the
Figure 5.
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VIIl. RESULTS AND DISCUSSION

Figure 6 shows the current-voltage (I-V) characteristics of
the solar cell for different light intensities. For small voltages,
the relationship I(V) is linear and nearly parallel to the V axis
for all intensities. With increasing the voltage, the
dependence stays systematically more nonlinear and for Ve
decreasing to zero. With decreasing light intensity, the I-V
characteristic shifts to the lower values of current. The short-
circuit current Isc decreases with decreasing illuminance as
well as the slight decrease of Vocvoltage is observed. The
solid lines shown in Figure 6 were obtained by fitting the
measurement results with the equation (5). Despite many
simplifications in the formula (5), a fairly good fitting of the
data was obtained.

The obtained fitting parameters from equation (5) are
collected in Table 1.

73 Wim®
44 Wim®
32 Wim’
21 Wim®

0.3+

*peonm

0.2

1Al

0.1

0.0 T T T T

0.4 = 73W/m’
® 44 W/m*
A R2wWmMm .
031  » 21w’ &
s 7
: 0.24 .I
2
0.1
0.0 " " " T
0.0 0.5 1.0 15 2.0
VIV

Fig. 7. The P-V characteristics of the PV cell for different light

intensities

Table 2. Parameters of the solar cell used in experiment

L[W/m?] 73 a1 32 21
Isc [A] 031 0.19 0.14 0.09
Vo [V] 2.27 2.24 212 2.06
P, W] 0.70 0.43 0.30 0.19
I [A] 0.23 0.16 0.12 0.08
VnV] 1.86 1.86 1.78 1.72
Prna [W] 0.43 0.29 0.22 0.14
R[Q] 8.10 11.63 | 14.83 21.50
FF 0.62 0.68 0.74 0.77
n 0.72 0.80 0.83 0.82

Fig. 6. The I-V characteristics of the PV cell for different light

intensities

Table 1. Fitting parameters obtained from equation (5)

The values of the FF and n parameters of investigated
solar cell presented in Table 2 slightly increase with the
decrease in the light intensity. The observed effect of light

Table 3. Parameters of the solar cells connected in series and
in parallel for different light intensities

L[W/m?] 73 a1 32 21
Ion [A] 0.30 0.19 0.14 0.09
o [A] 1.7-10° 9,5-10% 1.1-107 3108

n 9.0 8.8 59 54

The values of the I presented in Table 1 are consistent
with the Isc values read from the |-V characteristics.
Furthermore, the high values of the recombination current
ideality factor much greater than 2 require some discussion.
The Shockley-Read-Hall recombination theory predicts that
the value of n should be equal to or less than 2 [30].
However, the one explanation of this problem is to take into
account that such a recombination current does not flow
uniformly through the cell, but always at local sites, e.g., in
extended defects [30].

Figure 7 shows the power-voltage dependence for the
different light intensities. With decreasing intensity, the
maximum power point decreases and shifts to the slightly
lower voltage values. The read values of I, Uoc, Pmax from the
graphs presented in Figures 6 and 7, and the R, FF, n values
calculated on the basis of the formulas presented in
paragraph 6 are shown in Table 2.

36

parallel series

L[W/m?] 44 32 44 32
Isc [A] 0.25 0.17 0.14 0.10
Voc V] 211 2.13 4.07 4.19
P [W] 0.53 0.36 0.57 0.42
Im [A] 0.23 0.16 0.17 0.09
Vi [V 1.64 1.80 343 3.73
Prnex [W] 0.38 0.29 0.40 0.35
RI[Q] 713 11.25 20.18 37.44
FF 0.72 0.81 0.70 0.83
n 0.53 0.55 0.55 0.66

intensity on the solar cell parameters is consistent with
theoretical predictions and the results of the other
experiments [31].

Figure 8 shows I-V characteristics of solar cells connected
in series and in parallel for different light intensities. For the
solar cells connected in parallel the Isc current increases but
Voc voltage proportionally decreases in comparison with the
cell system connected in series.
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Fig. 8. The |-V characteristics for solar cells connected in series and in
parallel for different light intensities

Figure 9 shows the power-voltage characteristics of solar
cells connected in series and in parallel for chosen light
intensities. The power maxima of the P-V characteristics for

A 44w’ - 32 W/m? parallel
04+ = -24awm’ x -32Wim’series
0.34
2
o 0.24
0.1+
0.0 T T T T
0 1 2 3 4
VIV

Fig. 9. The P-V characteristics for solar cells connected in
series and parallel for different light intensities

the solar cells connected in parallel are shifted to the higher
voltage values compare to the in series connections.
Moreover, if the light intensity decreases the power maxima
are also decreasing and shifts to the higher voltages for
a given intensity. The appropriate parameters derived from
the |-V and P-V characteristics are presented in Table 3. The
solid lines presented on the Figure 8 and 9 were obtained by
fitting IV and P-V characteristics with equation (5). The
obtained fitting parameters are collected in Table 4.

Table 4. Fitting parameters for the solar cells connected in
series and in parallel for different light intensities

parallel series
L[W/m?] 44 32 44 32
It [A] 0.137 0.096 0.175 0.258
Io [A] 8.23-10° 2.06-10%° 8.13-10% 14-10°
n 16.79 8.32 5.69 10.90

25
I/. "
204 "
VOC
»n 1.5 —e— P
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GE) —*—n
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& * —_—
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././.
0.0+ v r T T T
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L [Wim?]

Fig. 10. Parameters of the |-V characteristics for solar cell at
different light intensities

Figure 10 shows light intensity dependence of some
parameters presented in Table 2. Although the
measurements were made only for a few light
intensities, a tendency to saturation or decrease of
these parameters can be observed with increasing
intensity.

IX. CONCLUSIONS

Using the CoachLabll+ console, appropriate sensors and
dedicated Coach6 software, measurements of the |-V and P-
V characteristics of the photovoltaic panels connected in
series and in parallel were performed. The obtained results
were analyzed using the one-diode equivalent circuit and
Shockley equation model. The parameters such as n, I, lo
obtained from the fits have quite realistic values. However,
they are burdened with a rather significant uncertainty
resulting from the simplified theoretical formulas and
measurement uncertainties. The basic parameters of the
panels were read from the |-V and P-V characteristics for
agiven light intensity. The observed regularities are
consistent with the studies of this type of systems compared
to the literature. The usefulness of the CoachLabll+
measurement console in a student physics laboratory has
been demonstrated, where the described system can be
used to better understand the physical phenomena
accompanying the photovoltaic effect. The applied system
acquaints students with the measurement methods used in
professional scientific laboratories, where the automation of
physical measurements and data processing are often used.

WYZNACZANIE CHARAKTERYSTYK PRADOWO-NAPIECIOWYCH
OGNIW FOTOWOLTAICZNYCH Z WYKORZYSTANIEM KONSOLI
POMIAROWE) COACHLABI I+

Do wyznaczenia charakterystyk pradowo-napieciowych oraz
mocowo-napiedowych ogniw  fotowoltaicznych - wykorzystano
oprogramowanie Coach6 oraz konsole pomiarowg CoachLabl+
sprzezong z komputerem i wyposazong w odpowiednie czujniki
napieda i pradu.  Charakterystyki pradowo-napieciowe dia
pojedynczego ogniwa oraz ogniw polgczonych  szeregowo
irbwnolegle badano w zaleznosd od natezenia Swiatha.
Whykorzystujgc ~ uproszczony model  teoretyczny  ogniwa
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fotowoltaicznego bazujacy na pojedynczej diodzie oraz wzorze
Shodkleya dla pradu diody pdtprzewodnikowej wyznaczono
wspdtczynnik korekdji, prad wsteczny oraz prad Zrédta, dopasowujac
odpowiednie zaleznosci teoretyczne do wynikéw pomiaréw. Na
podstawie charakterystyk pradowo-napieciowych oraz mocowo-
napieciowych wyznaczono prad zwarcia, napiecie obwodu
otwartego, moc maksymalng, wspdtczynnik wypetienia, sprawnos¢
konwersji ogniwa oraz rezystange obcdigzenia. Zaobserwowano
zaleznoé¢ wyznaczonych parametréw od natezenia Swiatfa.

Stowa kluzowe: charakterystyka prgdowo-napieciowa, konsola
CoachLabli+, moc maksymalna, model jednodiodowy, ogniwo PV
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