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Abstract

In this article we make a detailed study and a presentation of the different
models of circuit’s equivalent to silicon-based photovoltaic solar cells. Start-
ing from a real solar cell and real phenomena from the manufacture of the
cell to the production of current by the cell. A comparison of the models with
a real experimental method is carried out. The comparison is based on an
overlay of the results. The study allowed us to choose the most suitable mod-
el. We are interested in the losses by leaks and the losses due to the develop-
ment of the cell. In fact, we studied the influence of the shunt resistance on
the current-voltage characteristic and the electrical power.
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1. Introduction

One of the clean and renewable energies is photovoltaic solar energy. It is an
energy recovered and transformed directly into electricity from the sun’s rays by
photovoltaic solar cells. Energy is an essential source for life on earth, the more
the energy challenge is sustainable development. There are fights that a country
cannot win without sustainable access to energy. Photovoltaic energy is a way to
solve the energy problem in many countries. This is why we are witnessing more

and more the development of photovoltaic solar energy. Its development is
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linked to the performance of solar cells. The more profitable a salary panel is, the
higher its conversion efficiency. This explains the multiple researches works in
this field. Studies in the field of photovoltaic solar energy are increasingly taking
an important place in physics. To make our contribution to studies and research
in this field, we propose to study the current-voltage characteristics and the in-

fluence of the shunt resistance.

2. Theory

The current-voltage (I-V) characteristic can be used to identify the mechanisms
and phenomena of conduction and/or diffusion and for the evaluation of the in-
fluence of the electrical parameters of the cell such as the series resistance (R,),
the resistance shunt (R;), the ideality factor n, the saturation current (Z) and the
width of the space charge region [1]. Early studies in this area showed that the
conduction mechanism can be described by tunneling effect, Schottky effect or
Poole-Frenkel effect [2] [3] [4]. Later studies of the I-V characteristic in the dark
of a photovoltaic cell in forward bias as a function of the applied voltage have

shown that, in regions of low voltage, a variation of the current can be translated

I =1 {exp(\\;—j—l} (2.1)

I is the saturation current

by the Shockley equation [5].
Equation Shockley:

I :qAnf( D, + D, j (2.2)
Lh N D Le N A
So we have:
| =gAn? ( D, , D J{exp(i]—l} (2.3)
L,Np LN, Vi
With:
¢ the elementary charge;
A: diode area;
D diffusion coefficient;
L: diffusion coefficient;
V7t thermal stress.
K.T
V, = ; (6] (2.4)

The modeling of an equivalent electrical circuit necessarily involves mastering
the physic cal behavior of each element of the equivalent circuit of the cell mod-
elling. Several electrical models have been tested for studies of the photovoltaic
cell. In this work a presentation and a study of these models have been carried
out [7].
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3. Two-Diode Model

The two (2) diode model is also called the two-exponential model.
Equivalent circuits of two-diode models are shown in Figure 1, Figure 2 and

Figure 3.

3.1. Model with Seven (7) Parameters

The seven (7) parameter model is also called 2M7P.

The photovoltaic cell is represented by the following electric circuit (Figure
1), which consists of a current source modeling the luminous flux, two diodes
for the polarization of the cell, a shunt resistor and a resistor series.

o Intensity of the current supplied by the cell
IpUZIL_IDl_IDZ_Ish (3.1)
L = |, : photon current;
oy : diode current 1;

I
I
I, : diode current 2;
I

& : shunt resistor current.

b N0 \/ D, [ R, v

Figure 1. Model 2M7P.

Figure 2. Model 2M6P.

L, SZD1 SZ D,

Figure 3. Model 2M5P.
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\Y I R
I, = Voo s (3.2)
RSH
q
I, = |Sl(exp[ﬂ1kT (Voo + 1 50Rs )] —1j (3-3)
q
ID2 = Isz [EXp[ﬂsz (va + IpuRs )J_lj (3-4)
Equations (3.2), (3.3) and (4) in Equation (3.1) yield Equation (3.5)
V. +1_ R
o, =10 — 15| exp q( e S) -1
LKT
(3-5)

V. +1_R V. +1_R
—ls{exp{q< pTB kTp” S)]—l]— "”R o S
2 SH

The parameters that go into Equation (3.5) are:

ls, et Ig,:reverse saturation currents;

B, et f,:the successive quality factors of diode 1 and diode 2;
R, : resistance in series;

Ry : shunt resistor.

3.2. Two-Diode Model without Shunt Resistor or 2M6P Model

The photovoltaic cell is represented by the electrical circuit (Figure 2), which
consists of a current source modeling the luminous flux (illuminance), two dio-
des for the polarization of the cell and a series resistor. To pass from the model
with seven (7) parameters to the model with six (6) parameters, we formulate the
hypothesis that the cell is made in such a way that the losses by thermal leaks are
negligible. Such an assumption in the modeling of the equivalent circuit means
that the shunt resistor has a value which time towards infinity.

The photo-current 1, produced by the current source depends on the illu-
mination and the series resistance Rj.
e Intensity of the current supplied by the cell

In the 2M6P we have Ry, > o =1, =0

Equations (3.1) and (3.5) become:

(3.6)

IpUZIL_IDl_IDZ

\ IR \ IR
l,, = IL—Is{exp[%]—l]—Is{exp[%]—q (3.7)

3.3. Model at 2ZM5P

This model is obtained when we consider that the model with two (2) diodes is
ideal, that is to say that we do not take into account the losses by leakage and the
losses by Joule effect. These hypotheses result in a photo-current produced by a

current source which depends on the illumination and the temperature.
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e Intensity of the current supplied by the cell
We have:

Ry >0 =1,=0 et R;=0
Equations (3.1) and (3.5) become:
L, =1 =I5 —1p, (3.8)

_ _ quu _ _ qvpu _
L, =1, ISl[exp(ﬂlkT] 1} Isz{expEﬂZKT] 1} (3.9)

4. Single Diode Model

The single diode module gives a simple representation of the solar cell reality.
The one (1) diode model is also called the one exponential model. Actually there
are several influences of parasitic resistances in the production of electrical
energy, and the photovoltaic cell can be generally represented by the following
diagrams:

The equivalent circuits of the one (1) diode models are shown in Figure 4,

Figure 5 and Figure 6.

Figure 4. Model 1M4P.

Figure 5. Model 1IM3P.

/

>
v

SOR4

Figure 6. Model 1M2P.
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4.1. Five-Parameter Diode Model or 1M5P Model

The photovoltaic cell is represented by the electric circuit (Figure 4). This is the
most classic model in the literature. The model is also called a real diode model,
it involves a current generator for modeling the incident light flux, a diode for
the physical phenomena of polarization and two resistors (series and shunt).

These resistors will have some influence on the I-V characteristic of the solar
cell:

1) The series resistance is the internal resistance of the cell; it mainly the re-
sistance of the semiconductor used, the contact resistance of the collector grids
and the resistivity of these grids.

2) The shunt resistance is due to a leakage current at the junction; it depends
on how it was done.

¢ Intensity of the current supplied by the cell
The model is a diode so I,,=0
ID2 = 0 in equation (3.1) gives:
L, =1 =1 = 1,

The current generated by the photovoltaic cell is given by:

A(Vy, + 1R B Vo 1R

TG - (3.10)

I, =1 —1s| exp
SH

4.2. Four-Parameter Diode Model or 1M4P Model

The four-parameter model treats the PV cell as a current source, dependent on
irradiance, connected in parallel with a diode in series with a series resistance R,
The (Figure 5) models the equivalent circuit of the photovoltaic cell with four
parameters to a diode.

The model is called 1M4P or one diode model without shunt resistance, it is a
simple empirical electrical model, in the literature we are told that it is the clos-
est model to the photovoltaic generator. It is a model that is currently widely
used because of the quality of the results obtained.

This model makes use of the PV module specifications offered by the manu-
facturers, so it offers a very simple way to calculate the power produced by the
PV modules.

o Intensity of the current supplied by the cell

The model is a diode so 1, =0,

and we have Ry, o =1,=0.

Soweget |, =1 —1Ip.

The current generated by the photovoltaic cell is given by:

I, =1 —lg| exp —q(vp”+|"“RS) _

o TG (3.11)
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4.3. Model with a Three-Parameter Diode or Model 1M3P

It is the model of the ideal solar cell, the solar cell is a semiconductor component
which delivers a current by exciting the latter by photons, so in first approxima-
tion we have a current source, which is short-circuited by a diode (because the
solar cell is a p-n junction). This model is very idealistic, among the working
conditions, diffusion phenomena are not taken into account. The equivalent di-
agram of the ideal photovoltaic cell includes a current generator which models
the illumination and a diode in parallel which models the PN junction.
o Intensity of the current supplied by the cell

The model is a diodeso 1, =0,

Ry > =1, =0 and R =0
Soweget | =1 —Ip.

The current generated by the photovoltaic cell is given by:

o) Do |
L, =1 ISl[exp[ﬂlkT] 1} (3.12)

We have just presented the different equivalent circuit models characterizing a

5. Conclusion

photovoltaic cell, which allowed us to simulate the models and obtain results for
each model. The comparison of all these results with those obtained with a real
cell, leads us to say that the two (2) diode models of the current-voltage charac-
teristic are the most suitable models to take into account all the physical pheno-
mena involved in the photovoltaic conversion process. Most among the two (2)
models, the seven (7) parameter model is still the best fit. For the following, we
will study the influence of the shunt resistance on the current-voltage characte-

ristic and the power using the seven (7) parameter model [7].

6. Results and Discussions
6.1. Two (2) Seven (7) Parameter Model

The equivalent circuit is shown in Figure 6.

Under illumination, the current generated is expressed by:

q(Vpu + IpuRS)J_

BKT

v, +1 R V. +1 R
-1, exp{q( w__P S)J_l _ I s

L, =1 =g exp[

ﬂZ kT RSH

6.2. Influence of Shunt Resistance

6.2.1. Influence of the Shunt Resistance Rsy on the Characteristic I(A)
Figure 7 shows that the influence of the shunt resistor only decreases for high
voltage values. The shunt resistance does not influence the intensity of the current

in short-circuit, but slightly influences the value of the voltage in open circuit.
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6.2.2. Influence of the Shunt Resistor Rsh on the Power

Figure 8 shows a difference in the maximum power when the shunt resistance
increases. Maximum power increases with increasing shunt resistance and shifts
slightly with voltage. The observed result is due to the fact that shunt currents
are mainly due to current leakage along the edges of the cell, and these effects are
minimized by building the module in a framework of good electrical insulators
[8].

The results also show that the shunt resistance has a differential influence on
the current-voltage characteristic compared to the power. The existence of cracks
and complex structural defects becomes the seat of a physical phenomenon com-
parable to a shunt resistor, which appears in parallel on the electrical diagram.
This shunt resistance is directly linked to the manufacturing processes, and its

influence is only felt for very low values [9].

150F ' ' ' ' ' l |
125F g " |
A® 'V
R i ‘. v .
31.00 A:. vv
qt') A.. v
5 075) as g ]
: e
.
T 050} R
. A A ARsh=6000Q ‘_v
e e o Rsh=800Q Al"
0.25} v v+ Rsh = 1000 Q La7 ]
A ."
0.00 ' : ' ' : o
o 1 2 3 4 5 6 7

Phototension (V)

Figure 7. Influence of the shunt resistor on the current-voltage characteristic.
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Figure 8. Influence of shunt resistance on power.
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7. Conclusions

The comparative study of equivalent models seems interesting, modeling by
equivalent circuits and their study makes it possible to retain a model among the
six (6) models to translate a photovoltaic solar cell without being very idealistic.
The influence of the shunt resistance on the current-voltage characteristic has
been discussed.

We have chosen in this article a theoretical study to emphasize the expression
of the current provided by the cell and the relationship between the existence of
a parameter and its translation in the writing of the current provided. In pers-
pective a comparative study of the series and shunt resistance of their influence

on the performance of the solar cell.
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