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This manuscript is about the electric output of the silicon (Si) photovoltaic (PV) cell versus the electromagnetic field of a radio
wave and a monochromatic illumination in three-dimensional (3D) assumptions. The polarisation direction of the
electromagnetic wave and power density are fixed. The electromagnetic wave is provided by electromagnetic emission sources
such as the telecommunication, radio, or TV antennas. A PV system is installed in the vicinity of an electromagnetic emission
source. The current produced by the PV cell is sensitive to electromagnetic field increase more than the electric voltage. The
electromagnetic field causes the decomposition of the current into two components which are a transferred current and a
leakage current. The transferred component provides the transmitted current to the external load while the leakage component
gives the loss of the carrier charge into the junction. Consequently, this decomposition of the current shares the electric power
in transferred electric power and leakage electric power. The transferred electric power is obtained only in the intermediate
circuit, and the maximum power point (MPP) shifts to the short circuit situation as the junction dynamic velocity becomes the
greatest. However, the leakage electric power corresponds to a loss of the minority carrier’s charge in the junction during the
crossing of the junction. This loss causes a Joule heating effect of the junction. The heating of the junction causes the quality
degradation of the PV cell mainly due to the electric component. The solar illumination wavelength is presenting the inversion
phenomenon with the maximum of the electrical outputs of the silicon PV cell of around 0.70μm which provides the greatest
conversion efficiency. This value has been chosen for the modelling of the radio wave influence. Hence, the conversion
efficiency increases when the PV system is far away from the electromagnetic emission source. PV system installation in the
vicinity of an electromagnetic emission source is not advised.

1. Introduction

The silicon photovoltaic (PV) cell is the most used PV technol-
ogy in the word because of the abundance of silicon in the
earth’s crust and its none toxicity [1]. In a climate change con-
text, the PV energy is adopted by many developing countries
to compensate for the weakness of the electric grid. In the
silicon PV cell range, the monocrystalline silicon (mono-Si)

solar cell provides better outputs. But it is strongly dependent
on environmental parameters such as temperature [2, 3]. For
the Sahel trip, the energy demand is very high, but the ambient
temperature is very high. The polycrystalline silicon PV cell is
well adapted in this trip because of its resistance to heat more
than the mono-Si cell [4]. On the other hand, we assist in the
increase of the uses of the technologies as the base transceiver
stations (BTS) emitting the electromagnetic field in the

Hindawi
International Journal of Photoenergy
Volume 2021, Article ID 5171351, 14 pages
https://doi.org/10.1155/2021/5171351

https://orcid.org/0000-0003-2478-2521
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5171351


environment. The proliferation of the BTS antennas because of
4G and 5G generates more andmore the electromagnetic field.
At the same time, the PV systems are particularly used in the
rural regions near the BTS antennas to provide electrical
energy. The photovoltaic (PV) system installed in the antenna
vicinity which is submitted to its influence in rural zone is
shown in Figure 1.

In urban zones, we assist also in the simultaneous instal-
lations of the PV system and the BTS antennas on the towers
and the buildings as shown by the following Figure 2.

The electromagnetic field can be attenuated during the
cross of a PV module. However, its attenuation can be
neglected into the polycrystalline PV cell which is an elemen-
tary unit of the PVmodule [6]. The electromagnetic field from
radio waves (9kHz to 3000GHz) [7, 8] is composed of an elec-
tric field and a magnetic field which are perpendicular in the
plane wave approach. The electric field causes individually
the increase of the density of current produced by the PV cell
[3, 9]. However, the voltage provided by the PV cell decreases
with the increase of the individual electric field mainly in the
open circuit [3, 9]. This decrease of the open circuit voltage
is the cause of the increase of the current due the conduction
current creation and not due to the bulk and surface recombi-
nation and ionization as suggested in some studies [10]. The
magnetic field causes individually the increase of the electric
voltage due to the inflexion caused by the magnetic field
[11]. The electromagnetic field causes a decomposition of the
current produced by the PV cell in two components. One is
transferred to the external load, named the transferred cur-
rent, and the other is lost in the pn junction [12]. This last is
called the leakage current [12]. The magnetic field strength is
weak, but it cannot be neglected and be deleted in the electro-
magnetic field produced by the BTS as assumed in some stud-
ies [13]. The electromagnetic field as well as the electric field
taken alone causes the conduction current which is not con-
sidered in some studies [14]. Many works evaluating the influ-
ence of the electromagnetic field are carried out in the one-
dimension (1D) approximation [12, 13, 15] while this approx-
imation overestimates the solar cell parameters [16]. The
three-dimensional (3D) approach allows to take into account
the effect of grain size (g) and grain boundary recombination
velocity (Sgb). There are more studies on the PV cell perfor-
mance versus the electromagnetic field. But these works do
not provide the current production taking into account the
loss in the junction and Joule effect. It is then very instructive
to investigate the efficiency of the polycrystalline silicon PV
cell in order to recognize where the greatest losses occur and
reduce the conversion efficiency. That will allow choosing a
good installation position of the PV system in the BTS envi-
ronment. The present paper investigates the influence of elec-
tromagnetic field dependence on the conversion efficiencies of
a polycrystalline silicon PV cell under monochromatic illumi-
nation in 3D assumptions.

In order to determine the efficiencies from the calculated
density of current and voltage values, the devices were mod-
elled using standard semiconductor device theory, and the
magnetotransport equation as well as the continuity equa-
tion is solved in Methods and Theories. In the next section,

Results and Discussions is about the influence of the electro-
magnetic field, and monochromatic illumination on the
electric parameters of the PV cell will be provided. The last
section of this study will be about the conclusion on the
behaviour of the efficiencies versus the electromagnetic field
and monochromatic illumination.

2. Methods and Theories

2.1. Electromagnetic Field Components. From Figure 3, the
device structure is essentially an emitter (n+), a p − n junc-
tion, a base (p), and a rear face (p+). It will be considered
as the ideal solar cell in this study. The contribution from
the base to the photocurrent is greater than that of the emit-
ter [17]. The present work will consider the base as being the
center of the generation-recombination phenomena. This
analytic study is carried out in the theory of the quasineutral
base (QNB) [17, 18]. The diffusion length is assumed greater
than the grain size [19]. For a power density given from the
antenna, the polarisation direction is assumed fixed match-
ing to the PV cell orientation tilt, the electromagnetic field
from BTS antenna varied versus the distance between the

BTS antenna

PV power plant

Figure 1: PV system in vicinity of the BTS antenna.

Building

EMF transmitter

E-field radiated from EMF Visual simulations

Figure 2: 3D E-field radiated in front of the BTS antenna from
EMF visual simulations [5].
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PV cell and distance. The following Figure 3 presents the
polycrystalline solar cell grain under the monochromatic
illumination and under an electromagnetic field in the far
field zone.

In this figure, H defines the base depth and the grain size
following (Ox) axis is gx and following (Oy) axis is gy with
1 μm ≤ g ≤ 1mm [20]. The PV cell (maximum 10 cm), con-
sidered as the smallest part of a PV module, is made up of
many other basic units each having their own shape named
as a grain. The grains vary in size, but they are always
smaller compared to the cell. The grain is a fundamental
parameter for the polycrystalline solar cell. It presents the
same structural and functional characteristics as a solar cell.
This work is about a polycrystalline PV cell, not about the
PV module, because on the PV module, it is important to

take into account the attenuation caused by the protection
grids which will definitely be screening and attenuating the
electromagnetic waves penetrating into a PV module.

After the crossing of the grain of the solar cell, the
expressions of the electromagnetic field components are
given by the following [6]:

(i) Electric component is

E
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Figure 3: PV cell grain under monochromatic illumination and electromagnetic field.
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Figure 4: Global current versus the junction dynamic velocity (Sf ) and the distance emission source-PV cell ðLn = 0:015 cm,Dn = 26 cm2

· s−1, μn = 1000 cm2 · V−1 · s−1, Sb = 104 cm · s−1, Sgb = 103 cm · s−1, gx = gy = 3:10−2 cm, λ = 0:70 μm,H = 0:03 cmÞ.
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The electromagnetic field reaches the solar cell when t
= 0 and x = y = 0. There are many possible angles for the
electromagnetic field to reach the grain [21]. We assume that
the polarisation direction of the electromagnetic field is fixed
and it matches the PV system orientation tilt. In this fre-
quency range, the electromagnetic field cannot cause the
ionization of the silicon matter [22]. The electromagnetic
field considered in this work disposes of an energy less than
12 eV [8], i.e., the electromagnetic field has a frequency
ranging up to 3:1012 Hz. The electromagnetic field orienta-
tion is perpendicular with the junction of the solar cell and
consequently with the junction of the selected grain. Then,
the electric field and magnetic field becomes the following:

(i) Electric component is

E
!

0, 0ð Þ = E0 e
!

z: ð3Þ

(ii) Magnetic component is

B
!

0, 0ð Þ = −
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ffiffiffiffiffiffiffiffi
μrεr

p
c

e!y: ð4Þ

The amplitude of the electric field can be obtained
through the next equation [23]:

E0 =
1
2r

ffiffiffiffiffiffiffiffiffiffiffiffiffi
Pr · Z0
π

r
, ð5Þ

where r is the distance between the sources of the emission
of the electromagnetic field and the solar cell, PrðWÞ is an
isotropic antenna radiating a power in free space, and Z0 =
377Ω, the characteristic impedance in free space. The
antenna power density is fixed in Pr = 2MW in free space
and r ∈ ½5m,+∞½. The electromagnetic field increases with
the weakening of the distance r [23].

2.2. Magnetotransport Equation. The density of the current
named magnetic-transport equation provided by the PV cell
under electromagnetic field is given by [15, 16, 24, 25]

J
!
n = J

!
d + J

!
c + J

!
ind, ð6Þ

here J
!

d gives the diffusion current, J
!

c provides the contri-
bution of the electric component called conduction current,

and J
!
ind provides the contribution of the magnetic compo-

nent named the induction current [15].
Following the orientation of the electric field and of the

magnetic field given in Figure 1, the solving of the magneto-
transport equation gives the different components of the
photocurrent expressed in the following equation:
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Equation (7) facilitates the establishment of the continu-
ity equation. It gives the expression of the density of the pho-
tocurrent into the base of the solar cell and consequently in
the grain. The next point will provide the establishment of
the continuity equation and its solution.

2.3. Continuity Equation. The continuity equation [26, 27] is
given by the following equation:

∂δ x, y, zð Þ
∂t

= 1
e
div Jn

!� �
+Gn zð Þ − Rn x, y, zð Þ: ð8Þ

If the illumination is permanent, the state is steady [26].
Hence, ∂δðx, y, zÞ/∂t = 0; Rnðx, y, zÞ gives the recombination
rate of the electronic charge after generation. Its expression
is Rnðx, y, zÞ = δðx, y, zÞ/τn [28] with τn, the electron’s life
time, and GnðzÞ, the generation rate.

The compilation of equations (7) and (8) leads to the fol-
lowing equation.

Cx
∂2δ x, y, zð Þ

∂x2
+ Cy

∂2δ x, y, zð Þ
∂y2

+ ∂2δ x, y, zð Þ
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n

−
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L∗2n
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ð9Þ

where Cx = 1,Cy =Dn/D∗
n , andD∗

n =Dn/ð1 + ðμn · B0Þ2Þare
the diffusion coefficient depending on magnetic field and
L∗2 =D∗ · τnis the diffusion length depending on the magnetic
field. The carrier’s generation rate for a monochromatic inci-
dent illumination can be written as follows [29]:

G zð Þ = α λð Þ · ϕ0ρ λð Þ · 1 − ρ λð Þ½ � · e−α λð Þ:z: ð10Þ

αðλÞ and ρðλÞ are, respectively, absorption and reflection
coefficients in the λ wavelength, and ϕ0 is the incident photon
flow.

The excess minority carrier’s density, the general solu-
tion of the continuity equation, is given by [19, 30, 31]

δ x, y, zð Þ =〠
j

〠
k

Zj,k zð Þ:cos Cxjx
� �

:cos Cyky
� �

, ð11Þ

with Cxj = Cj/
ffiffiffiffiffiffi
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p
and Cyk = Ck/
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p
. The constants Cxj

and Cyk are found through the grain in grain boundary con-
ditions which are
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Replacing equation (11) into equations (12) and (13)
leads to the following transcendental equations:

Cxj · tan Cxj ·
gx
2

� �
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n
, ð14Þ
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The coefficients Cyk and Cxj are the solutions of these
transcendental equations which are solved numerically.

Equation (9) is a second-order differential equation at
constant coefficient with a second member. Using equation
(11), equation (9) allows to find the next equation.

∂2Zj,k zð Þ
∂z2

+ μnE0
Dn

∂Zj,k zð Þ
∂z

−
1
L2j,k

:Zj,k zð Þ = −
G zð Þ
Dj,k

: ð16Þ

In this equation, the term ðμnE0/DnÞð∂Zj,k/∂zÞ, which is
a first derivative in relation with position z, is similar to a
damping term [24], 1/L2j,k = C2

j + C2
k + 1/L∗2n and 1/Dj,k = 16

· sin ðCxjðgx/2ÞÞ sin ðCykðgy/2ÞÞ/D∗
n ½sin ðCxjgxÞ + Cxjgx�½sin

ðCykgyÞ + Cykgy�. The resolution of this equation gives the
next equation as solution

Zj,k zð Þ Aj,k cosh γzð Þ + Bj,k · sinh γzð Þ
 �
+ Kj,k · e−α λð Þz , ð17Þ

with β = −ðLE/2 · L2nÞ, LE = μnτE0 [32], γ = −ð1/2Þ
½ðμnE0/DnÞ2 + 4/Lj,k�

1/2
and K j,k = −ðαðλÞϕ0ðλÞð1 − ρðλÞÞ/

Dj,k½αðλÞ2 − αðλÞðLE/L2nÞ − 1/L2j,k�Þ. The solution taking
account j and k is provided by

Z zð Þ =〠
j

〠
k

Zj,k zð Þ: ð18Þ

The real constants Aj,k and Bj,k are found using the
solar cell’s boundary conditions:

(i) At the junction (z = 0):

D∗
n

∂Zj,k zð Þ
∂z

����
z=0

= Sf · Zj,k 0ð Þ: ð19Þ

(ii) At the rear face (z =H):

D∗
n

∂Zj,k zð Þ
∂z

����
z=H

= −Sb · Zj,k Hð Þ: ð20Þ

Sf is the junction dynamic velocity, and it quantifies the
number of excess carriers which are collected in junction in a
given operating condition (open circuit, intermediate operat-
ing point, and short circuit) [32–34]. Sb is the back surface
recombination velocity, and it quantifies the losses of the
carrier charge at the solar cell’s rear side [32]. The solution
17 leads to the general solution in replacing it in equation (11).

The determination of the density of excess minority car-
rier charge provides the way to study the electric parameter
as the density of the photocurrent, the photovoltage, and the
electric power which will be evaluated in the next section.

2.4. Photocurrent Density Expressions. Equation (7) is used
to find the density of the photocurrent. This equation shows
that the current is a vector where its strength is expressed by
the following equation:

Jph =
1

gxgy

( ðgx/2
−gx/2

ðgy/2
−gy/2

Jnxjz=0dxdy
" #2

+
ðgx/2
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ðgy/2
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Jny
��
z=0dxdy

" #2
+
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−gx/2

ðgy/2
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Jnzjz=0dxdy
" #2)1/2

:

ð21Þ

The integration of the different components allows to
find the current as following that we are going to call global
current:

Jphj,k
= eRj,k D∗

n βAj,k + γBj,k − α λð ÞKj,k
� �

+ μ∗nE0 Aj,k + K j,k
� �
 �

,
ð22Þ

with μ∗n = μn/ð1 + ðμnB0Þ2Þ the electronic mobility coefficient
depending on magnetic field and Rj,k = 4 sin ðcx,jðgx/2ÞÞ ·
sin ðcy,kðgx/2ÞÞ/cx,j · cy,k. The global current after taking
accounts j and k is

Jphj,k
=〠

j

〠
k

Jphj,k
: ð23Þ

The totality of the photocurrent density is not trans-
ferred to the external load. One part is leaked in the parasite
resistances [12]. It is called the leakage photocurrent. But
another part is transferred to the external load [12]. It will
be named the transferred photocurrent. The PV boundary
conditions at the junction is ∂Zj,kðzÞ/∂zjz=0 = Sf · Zj,kð0Þ/
Dj,k. In this expression, Sf = Sf m + Sf0 [34]. For an ideal PV
cell, Sf0 = 0. The compilation of these two equations allows
to rewrite equation (24) as follows:

Jphj,k
=

eRj,k
gxgy

D∗
n

Dj,k
Sf mZj,k 0ð Þ + eRj,k

gxgy

D∗
n

Dj,k
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" #
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5International Journal of Photoenergy



where the transferred photocurrent can be defined by the
following equation.

JphT =〠
j

〠
k

eRj,k
gxgy

D∗
n

Dj,k
Sf mZj,k 0ð Þ: ð25Þ

And the leakage photocurrent can be defined as shown
by the following equation:

JphF =〠
j

〠
k

eRj,k
gxgy

D∗
n

Dj,k

 !2

Zj,k 0ð Þμ∗nE0: ð26Þ

2.5. Photovoltage Expression. The expression of the photo-
voltage is obtained by application of Boltzmann’s relation.
It is [30, 35]

Vph =VT · ln 1 + NB

n2i

ðgx/2
−gx/2

ðgy/2
−gy/2

δ x, y, 0ð Þdxdy
" #

: ð27Þ

After all compilations, the photovoltage becomes as fol-
lows:

Vph = VT · ln 1 +
gxgy
n0

〠
j

〠
k

Rj,k Aj,k + Kj,k
� �" #

, ð28Þ

where Rj,k = 4 · sin ðCxjðgx/2ÞÞ sin ðCykðgy/2ÞÞ/cx,j · cy,k and

VT is thermal voltage. n0 = n2i /NB wherein ni and NB are,
respectively, the intrinsic carrier’s density at the thermal
equilibrium and the base doping density level.

2.6. Electrical Power Expressions. The electric power which
will be calculated using global current will be named global
electric power. The expression of the global electric power
[26, 29, 32, 36] is given by the following equation.

Pel = Vph · Jph: ð29Þ

Equation (30) expresses of the transferred electric power.

PelT = Vph · JphT : ð30Þ

The leakage electric power is expressed into the follow-
ing equation.

PelF = Vph · JphF : ð31Þ

The evaluation of the different electric parameters versus
electromagnetic field and illumination wavelength will be
presented in Results and Discussions.

3. Results and Discussions

3.1. Current versus Electromagnetic Field. The electromag-
netic field transports the energy at a high frequency from
the emission antenna to the reception antenna [37]. The var-
iation of the electromagnetic field depends on the reverse of

the distance between the source and the PV cell. Figure 4
shows the evolution of the global photocurrent density when
the electromagnetic field meets the polycrystalline solar cell.

The evolution of the photocurrent density is very weak
for low values of Sf . It increases with the increase of the Sf
. In fact, normally, there is no crossing of the junction when
the solar cell is in an open circuit (low Sf ). But in a short
circuit (great Sf ), all the carrier’s charges cross the junction
to improve the photocurrent. In the presence of an electro-
magnetic field, an important current in the open circuit is
created which can reach the short circuit situation current
when the distance source-PV cell is weak. Some studies
proved that for a magnetic field values lower than 10−5T
cannot influence the photocurrent [22, 38–40]. The mag-
netic field which is greater than this value is able to cause
an accumulation of the carrier’s charge at the junction by
deflection [11]. That accumulation of the carrier’s charge
will have an increase of the voltage as a consequence. Thus,
the electric field is the main cause of the presence of the cur-
rent in an open circuit situation. The electric field provides
an enormous kinetic energy to electrons. Because of its ori-
entation, it propels the charge carriers towards the emitter.
This is what explains the increase in photocurrent density.
The electric field brings the sufficient kinetic energy to the
minority carrier’s charge to cross the junction participating
in the increase of the photocurrent [6, 12]. The apparition
of the current in the open circuit translates the presence of
a leakage current into the junction.

Figure 5 presents the behaviour of the transferred photo-
current while the electromagnetic field varies.

There is no current for Sf < 2:102 cm · s−1 normally with-
out an electromagnetic field mainly for an ideal PV cell. How-
ever, the transferred photocurrent density begins always
around the open circuit situation because of the presence of
the electromagnetic field. Also, if the electromagnetic field is
great, the transferred quantity of the carrier’s charge rises
abruptly. When the distance source-solar cell is weak, there
is an augmentation of the electromagnetic field and particu-
larly its electric component. This electric component comes
in addition to the internal electricity created between the dif-
ferent doping levels around the space charge region (SCR).
These electric fields raise the kinetic energy of the minority
carrier’s charge causing the increase of the transferred current.
However, the values of the short circuit show an improvement
compared to the known technology today [41, 42]. One part of
the global photocurrent density is also lost. The next para-
graph presents the evolution of this loss current. In Figure 6,
the evolution of the leakage photocurrent density versus the
electromagnetic field is shown.

Figure 6 presents the persistence of the loss up to the inter-
mediate functioning point. It is in the intermediate circuit,
from 103 cm · s−1 to 105 cm · s−1, that the optimum electrical
outputs are found. The persistence of the loss, i.e., the leakage
current up to this circuit, is a cause of the PV output deterio-
ration. The leakage photocurrent density is mainly localized in
the open circuit. It proves that the electric field brings the
improvement of the crossing of the carrier’s charge because
it causes an increase of transferred photocurrent. The electric
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field from the electromagnetic field can bring down the accu-
mulation of the electronic charge in the junction. However, the
electromagnetic field is not the only parameter which influ-
ences the evolution of the photocurrent. Figure 7 shows the
evolution of the density of the photocurrent for different illu-
mination wavelengths.

The photocurrent density increases with the increase of
the junction dynamic velocity from its low values to the
larger values. The increase was also sensitive to the variation
of the wavelength. Between λ = 0:38 μm and λ = 0:70μm,
the photocurrent density is experiencing growth. In this

range of wavelengths, the light depth penetration is low
because the absorption coefficient is high and the reflection
coefficient is weak. Accordingly, incident photons of this range
of the wavelength release their energy to the charge carriers
near the junction. The charge carriers helped by the internal
electric field easily cross the junction to contribute to the pho-
tocurrent density. Then, from λ = 0:70μm to λ = 1:18μm,
there is a decrease in the photo production of charge carriers.
Indeed, in this wavelength range, the absorption coefficient is
low but the reflection coefficient is great, then the light depth
penetration is very high. Consequently, the carrier’s charges
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are generated in the deep near the back rear side. At the rear
side, the charge carriers are supported by the back surface field
(BSF) which rejects the electrons towards the base. But, as
these electrons do not have sufficient kinetic energy, they can
be recombined or stored at the junction and contribute to
the photovoltage. This reverse trend can be called the inver-
sion phenomenon. The maximum photocurrent is obtained
at λ = 0:70μm, i.e., the red range in the solar illumination
spectrum. The different deformations presented in Figure 7
are caused by the atmosphere gas absorption of solar
radiation.

3.2. Photovoltage. The behaviour of the photovoltage versus
electromagnetic field is shown in the following Figure 8

For the great value of the electromagnetic field (short
distance source-solar cell), the photovoltage presents its
weak values in open circuit. The photovoltage rises versus
the decrease of the electromagnetic field, i.e., with the weak
distance source-PV cell. The electromagnetic field, mainly
its electric component, causes the crossing of the junction
by the carrier charge. This crossing of the carrier’s charge
goes down, and the photovoltage decreases. The accumula-
tion of the carrier’s charge and the associated space-
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charge-region recombination can reduce the short-circuit
current in some cells [43]. The electromagnetic field reduces
the recombination in the space-charge-region of the p − n
junction and leads to the storage reduction of the carrier’s
charge in this junction. The evolution of the photovoltage
with the solar illumination is presented in Figure 9.

This figure shows the inversion phenomenon and the
absorption of the solar radiation by the atmosphere gases.
The maximum value is obtained at a wavelength of 0:70μ
m. The following section will present the influence of the
electromagnetic field and solar illumination on the electric
power.

3.3. Electric Power versus Electromagnetic Field. The pres-
ence of the electromagnetic field causes the loss of one part
of the photocurrent. Then, considering the different parts
of the photocurrent, it is possible to calculate the global elec-
tric power, the transmitted electric power, and the leakage
electric power. Figure 10 gives the evolution of the electric
power with distance emission source-solar cell and the
dynamic velocity.

When the electromagnetic emission source is far away
from the solar cell, there is no power in the open and short
circuit situations. Only the intermediate circuit presents an
electric power. This electric power decreases with the
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decrease of the distance source-solar cell, i.e., with the
increase of the electromagnetic field. The value of the mag-
netic component of this field is very weak and cannot per-
turb the functioning of the solar cell. Then, the decrease of
the electric power is caused by the electric field only. The
electric component brings the kinetic energy to the minority
carrier charge and leads its carrier’s charge to cross the junc-
tion in importance. The electric field can be used to increase
the minority diffusion length in a bulk semiconductor [44].
However, the great electric field causes the appearance of
the electric power in open circuit called the leakage electric
power. Hence, some part will be transmitted to the external
circuit and the other part will be lost at the junction resulting
in the reduction of the best quality of the solar cell.

The following Figure 11 gives the variation of transferred
power in the function of the electromagnetic field and in the
function of the dynamic velocity.

The electric power is obtained only in the intermediate
circuit. Its maximum value decreases with the increase of
the electromagnetic field. The maximum electric power
shifts to the short circuit situation as the junction dynamic
velocity becomes larger. This figure allows us to find the
conversion efficiency for different distances of source-solar
cells using equation (32) for the monochromatic illumina-
tion [26, 45].

η = Pmax
Pab

, ð32Þ

where Pab = ðϕ0ðλÞ · ½1 − ρðλÞ� · h · cÞ/λ.
ϕ0ðλÞ is the incident illumination flux in the number of

photons per cm2 and per s, ρðλÞ is the reflection coefficient
of the frontal face of the solar cell, h is the Planck constant in
J · s, c is the light vacuum speed in cm · s−1, and λ is solar
illumination wavelength in cm.
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Table 1: Maximum power and conversion efficiency for different
distance emission source-PV cells ðLn = 0:015 cm,Dn = 26 cm2 ·
s−1, μn = 1000 cm2 · V−1 · s−1, Sb = 104cm · s−1, Sgb = 103cm · s−1, gx
= gy = 3:10−2 cm, λ = 0:70μm,H = 0:03 cmÞ.

r (m) SfMPP
10m cm · s−1
� �

Pmax mW · cm−2� �
η %ð Þ

5 4.5 19.988 21.641

25 4.0 22.797 24.683

50 3.9 23.352 25.283

75 3.9 23.520 25.465

⟶+∞ 3.8 23.876 25.851

25 50 75 100
21

22

23

24

25

26

𝜂(%)

Distance (m)

Effi
cie

nc
y 𝜂

(%
)
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The different efficiencies are presented in Table 1.
The better efficiency is obtained when the solar PV cell is

too far from the electromagnetic field emission source.
Figure 12 provides the conversion efficiency with the electro-
magnetic field.

The conversion efficiency increases when the PV system is
far away from the telecommunication antenna. It will be better
to avoid the installation of the PV system in the vicinity of the
telecommunication antenna for the distance less than 100m.

This leakage of electric power is presented in Figure 13
in the function of the dynamic velocity and the distance
source-solar cell.

The increase in the lost photocurrent density increases
with the electromagnetic field. This means that the electro-
magnetic field causes a significant loss of the minority charge
carriers in the junction when crossing this junction. The heat-
ing of the junction causes the quality reduction of the solar PV
cell due to the electric component in particular. The next par-
agraph leads to the study of the electric power in the function
of the wavelength of incident solar illumination.

The wavelength impact of the incident solar illumination
is presented in Figure 14.

In this figure, the inversion phenomenon appears when
the maximum value in the wavelength of 0:70μm is reached.
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In this figure, we observe the absorption of the solar radia-
tion by the atmospheric gases. Here also, the conversion effi-
ciencies for different wavelengths of the incident solar
illumination has been determined. The values are presented
in Table 2.

From 0:38μm to 0:70 μm, the conversion presents an
improvement with the maximum efficiency obtained in
0:70 μm. From 0:70μm to 0:96μm, the observation of the
conversion presents the decrease of the efficiency.
Figure 15 provides the influence of the wavelength on the
conversion efficiency.

A strong absorption appears in the wavelength of 0:76
μm resulting to a weak value of the efficiency. This strong
absorption is explained by the effects of steam water vapor
on the solar radiation according to the analysis of the solar
spectrum [46].

4. Conclusion

The presence of the electromagnetic field causes the creation
of a conduction current in 3D modelling. The impact of the
magnetic component of the electromagnetic field can be

neglected compared to the impact of the electric component.
Hence, the presence of the electric field provides the conduc-
tion current. The individual electric field or the electromag-
netic field causes a decomposition of the current in the
transferred current and in the leakage current. The current
produced by the PV cell is sensitive to the electromagnetic
field increase more than the electric voltage provided. The
electric power is shared in two components taking into
account the leakage and the transferred photocurrent. The
electromagnetic field from a BTS provides an increase on
the collection of the carrier’s charge photo produced. How-
ever, this collection does not contribute to improvement of
the conversion efficiency. Then, the maximum photocurrent
can be found between 0:38μm and 0:70μm showing the
inversion phenomenon. The best conversion efficiency is
found in0:70μm. The study of an electromagnetic field effect
and of the electric field effect must take into account the con-
duction current. The conduction current provides an
increase of the current and contributes to the increase of
the quantity of the extracted photocurrent of the solar cell.
It is not advised to install a PV energy power plant near an
electromagnetic field emission source. The efficiency of the
conversion increases when the value of the electromagnetic
field decreases, i.e., when the solar cell is too far from the
emission source of this electromagnetic field.
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