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Abstract

In this work, we investigate the effect of the doping rate on the electrical pa-
rameters of the different zones of the bifacial polycrystalline silicon solar cell
under multispectral illumination. To do this, from our hypothesis, we deter-
mined the expression of the continuity equation in the emitter, the base and
the overdoped zone p*. The photocurrent density, photovoltage and electrical
power were studied as a function of the dynamic velocity at the junction for
different values of the doping rate. The results obtained by simulation show
us that to achieve the best performance of the bifacial PV cell the doping rate
of the emitter should be between [10'® - 10'° cm™2], that of the base between [10'®
- 10" cm™] and for the p* zone between [10%° - 10*! cm™]. Within these doping
ranges, the fill factor, which represents the efficiency of the cell, reaches optimal
values.

Keywords
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1. Introduction

Improving the performance of PV cells is a major concern towards which current
research is turning. This improvement is obtained by optimizing various param-
eters [1]-[3]. Among these parameters, is doping which ensures the movement of
charge carriers from one zone to another (base and emitter) through the electric
field created at the junction. Indeed, doping silicon consists of introducing impu-
rities into it. These impurities are atoms which will replace other silicon atoms,

they are classified into two categories: donor and acceptor atoms. Depending on
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whether the replacing atom has one more electron than silicon on its valence layer,
it is called a donor, otherwise it is called an acceptor. Thus, the silicon doped by
donor atoms is of type N, constitutes the emitter of the PV cell, that doped by
acceptor atoms is of type P, constitutes the base of the PV cell and the p* overdo-
ped part at the back of the base. Doping is therefore fundamental for the operation
of the PV cell whatever its type. Our objective is to carry out a study of the impact
of the doping rate on different zones of the bifacial PV cell in a magnetic field
under multispectral illumination. This involves determining the impact of the
doping rate on the electrical parameters of the bifacial PV cell. This will lead to an
identification of a range of doping rates of different zones on the performance of
the bifacial PV cell. However, the resolution of the equations will be given in the
methods and theories section. The effect of the doping rate of the emitter, the base
and the p* zone on the photocurrent density (/), the photovoltage ( V), the electri-
cal power (P) and the fill factor (FF) of the bifacial polycrystalline silicon PV cell
for simultaneous illumination on both sides will be presented in the results sec-

tion. Conclusions will be drawn at the end of this work.

2. Methods and Theory

Assumptions and Basic Equations

The model of this study is a three-dimensional (3D) grain extracted from a bifacial
polycrystalline silicon PV cell. It mainly includes three parts: the emitter, the base
and the p* overdoped zone equipped with an active surface for albedo collection.
Figure 1 illustrates the three-dimensional structure of a bifacial photovoltaic
cell at the grain scale. The device is composed of three successive regions: the
emitter (— W< z< 0), the base (0 < z< H), and the heavily doped p* layer (H< z

< H+ Wi
l| | | | | ‘ | | | | | | Front side illumination
g, :;

Emitter (n) X Se w
0 /, X I
—— =7 K sr
Y},
Junction
Base (P H
® ZCE
_____________ p— . AU
' Sba, o
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[
N Overdoped region (p*)
Rear side illuminatio

Figure 1. Three-dimensional model of a bifacial PV cell grain [3].
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To simplify the formulation and solution of the governing equations, the fol-
lowing assumptions are made: The excess minority carrier generation is assumed
to occur only along the (OZ) direction, which is perpendicular to the junction.
The electric field is confined within the space charge region (SCR) [4]. The pa-
rameters W, H, and W,y represent the thicknesses of the emitter, the base, and the
overdoped layer, respectively. Finally, giand g, denote the grain dimensions along

the xand yaxes, which define the flat surface exposed to incident light.

9,

- The grain boundaries are positioned at X == and Yy =i% , with the

origin taken at the center of the top surface [4].

- Under thermodynamic equilibrium, the emitter, base, and P* regions are con-
sidered quasineutral. No internal electric field exists in these regions, which
justifies the use of Cartesian coordinates.

- The influence of magnetic field-induced border effects is neglected. In princi-
ple, such effects would arise from charge accumulation on the lateral faces of
the grain due to the Hall effect, but they are assumed to be insignificant here.
The grain’s top surface is taken as square, Ze., g&c= g

- The shading of the front and rear collecting grids is included in the model.
However, only the reflection from the silicon material itself is considered, since
the external surfaces of the cell are coated with an anti-reflective layer. The
effect of temperature on cell performance is neglected.

The three-dimensional continuity equations in the steady-state regime, describ-
ing the base, the p* region, and the emitter, are derived from the magnetotransport
equations under multispectral illumination [5].

* Inthe base

2 2 2
o’s, 0%, 0%, 5, +G(z):0 "
ox* oy e D, D

* In the overdoped p* zone

o’s, 08, 06, 0. G(z
—t—t—— (*)=O (2)
OX oy oz L. D.

¢ In the emitter

0’5, %5, 05 0 G(z
2p+ 2p+ 2p_ p*+ (*)zo (3)
OX oy o 7,0, D,
The expression of the generation rate, ((2), is given in [6].
- Simultaneous illumination on both faces
3
G(z)=nd a, [e’bm[w”] g nl MV 'Z]} (4)
m=1

The coefficients a,, and b,, are determined from tabulated solar irradiance data

[7] [8]. These coeftficients are given for an AM 1.5 solar spectrum by:

ai a as b b bs

6.13 x 10% 0.54 x 10% 0.991 x 10% 6630 1000 130
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The parameter 11, commonly referred to as the number of suns, represents the

concentration factor of the incident solar radiation.

3. Excess Minority Charge Carrier Densities

In the base region, the excess minority carriers are electrons; in the p* region, they
are also electrons; whereas in the emitter, the excess minority carriers are holes.
This subsection also presents the dependence of the diffusion coefficients and car-
rier lifetimes on the doping concentration. In the base, the diffusion coefficient
and carrier lifetime are defined according to Liou et al. [9]:

1

D, (N, ) =1350V, 5)
(No) ‘ 8IN,
I+ e ournis
N, +3.2x10
1
7 (Ny)=—x— (©)
b
1+ %
5x10

Here, N, denotes the doping concentration of the base, and V; represents the
thermal voltage.

In the heavily doped p* region, the diffusion coefficient and carrier lifetime are
defined according to the formulation of S. E. Swirhun et al [10].

1180

N 0.9
1 bsf
(o)

1
o (Npst )= 8
n( bsf) 3.45x107 N, +0.95x107* N/, @

D'(Nyy )=V, | 232+ 7)

In the emitter, the diffusion coefficient and carrier lifetime are defined accord-
ing to the model proposed by Bensmaine et al. [11].

D, (N,) = 480V, ! 9)

350N,
14— o
N, +1.05x10
1
N )=
% (Ne) 7.8x10°N, +1.8x10 =N

(10)

The governing equation is a second-order differential equation with constant
coefficients, and its solution is provided in [5].

5(x, y,z):;;ij(z)cos(cjx)cos(%kyj (11)

4. Determination of Electrical Parameters

To evaluate the electrical parameters, we consider a bifacial photocell grain with
a square surface of side 0.01 cm (g = g, = 0.01, cm). The surface recombination

velocity at the grain boundaries is assumed identical for both the base and the
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emitter, with Sy = 100, cm-s™". The layer thicknesses are set as follows: 100, um for
the base, 0.1, um for the p* region, and 0.1, pm for the emitter [12].

4.1. Photocurrent Density

Define The electron and hole photocurrent densities depend on the gradients of
the excess minority carriers [13]. Under simultaneous illumination on both sides,

the photocurrent density in the emitter is expressed as follows:

Jp(sf,Nb):—eriism{ i meka[ —e‘“m[“*wb“]ﬂ (12)

j=0k=0 pik
Under simultaneous illumination on both faces, the photocurrent density in the

base is given by:

3,(5,N,)=eD, > 3's, { ”Mme mk[ e b”[”w*’“]ﬂ (13)

njk

Under simultaneous illumination on both faces, the photocurrent density in the

overdoped (p*) region is expressed as:

Jn+ (Sf + Nigs )

o o0 A o+ B ) 3 (14)
—ap* n* ik n* ik by [W+H] _ b Wost |
—eD.YYS, { YT [e e ﬂ

4.2. Photovoltage

The voltage at the terminals of the photovoltaic cell under illumination is calcu-
lated using the Boltzmann relation [14].
For simultaneous illumination on both faces, the photovoltage in the base is

given by the following equation:

1 R & W —Bm | F +Whst
Vi (SN, =V, |n£1+—*223mk(Apjk—Zijk[ebm g onlH )m (15)

j=0k=0 m=1

Under simultaneous illumination on both sides, the photovoltage in the base is

expressed as follows:

© o 3
phn(Sf'N) V; In( i*zzank(/\ﬂk—ZTnjk[ebmw+ebm(H+W"“)m (16)
0 m=1

j=0k=0

For simultaneous illumination on both faces, the photovoltage in the overdoped

zone is evaluated using Equation (17).

UCRYR VRS R 3 CHC) U B

j=0 k=0

4.3. Electrical Power

The electrical power produced by the PV cell is given in emitter, base and the
overdoped zone by the Equations (18), (19) and (20)
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P (Sf’Ne):‘]php *Vonp (18)
Pn(Sf’Nb):‘]phn *Vphn (19)
P (S Ny ) =3 =V (20)

4.4. Determination of Fill Factor of the PV Cell

The fill factor defines the efficiency of the PV cell; it can also provide information

on the aging of the PV cell. It is the ratio between the maximum power delivered

and the ideal power [15]. For simultaneous illumination, the fill factor is given the

electrical power produced by the PV cell is given in emitter, base and the overdo-

ped zone by the Equations (21), (22) and (23).
J

*\/
FF, (SN, )= —F’;pma* *Vphpmax (21)
phce phco
J nmax *V nmax
FFn(Sf ' Nb): p; *Vph (22)
phce phco
N
FFn+ (Sf ) Nbsf ) = b *Vph_n = (23)
phee phco

The determination of intrinsic parameters, namely diffusion coefficients, life-
times and densities of excess minority charge carriers in addition to the evaluation
of extrinsic parameters such as photovoltage and photocurrent density, electrical
power and fill factor have been carried out in this section. In the following section
the results and discussions of the influence of thickness on extrinsic parameters

will be given.

5. Results and Discussion

In this section, intrinsic parameters including diffusion coefficients, carrier life-
times, and excess minority carrier densities have been determined, alongside the
evaluation of extrinsic parameters such as photovoltage, photocurrent density,
electrical power, and fill factor. In the following section, the results and discussion

on the influence of layer thickness on these extrinsic parameters will be presented.

5.1. Impact of Doping Rate of the Emitter on the Photocurrent
Density

In this section, Figure 2 presents the evolution of the photocurrent density as a
function of the dynamic velocity at the junction for different Ne doping rates un-
der simultaneous illumination of both faces.

In Figure 2, we observe a decrease in the photocurrent density for the values of
Sr> 10% cm-s™! when the doping rate of the emitter increases. But for a doping rate
varying between 107 cm™ and 10" cm™, this is very low. In short circuit, we ob-
serve a reduction in the photocurrent density of about 20.68% when the doping

rate of the emitter goes from 10" cm™ to 10*! cm™. The increase in the doping
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rate of the emitter leads to an increase in the electrons which are the majority
carriers. the holes will be recombined and this will lead to a drop in the photocur-
rent density of the holes at the emitter. Indeed, the diffusion coefficient and the
diffusion length both decrease with increasing N. doping rate [2]. These two dif-
fusion parameters are characteristic of the movements of charge carriers. The dif-
fusion length is the distance traveled by the photogenerated charge carriers before
recombining and the diffusion coefficient is related to the mobility of charge car-

riers. Hence the reduction in photocurrent density.

50+, .
——N =10" cm? eesnessssassasasssssnanane
¢ el
o~ + N =10"%cm? s
2404 « N°=10% cm® G perrrrerr—————
P
:E - NZ =102 c¢m? ::v'.' “"‘«.«.«.«««««««.«
g <« N =10 cm?3 i &
~ - RS A
=z 30 i
= 1,
< 1.
E 20' iy <
o 1y 4
=)
iy *

8 10— A
@] A L
= X
=¥ Pt

PPy .‘._.“0"”"

T T

10° 10" 10> 10° 10* 10° 10° 107 108
Junction dynamic velocity S, (cm-s™)

Figure 2. Photocurrent density as a function of dynamic velocity at the junction for differ-
ent emitter doping rates (N, = 10" cm™, Npsr=10* cm™, W= 0.1 um, A= 100 pm, Wpyr=
0.1 pm).

5.2. Impact of Doping Rate of the Emitter on Photovoltage

The evolution of the photovoltage as a function of the dynamic velocity at the
junction for different doping rates of the emitter under simultaneous illumination

of both faces is presented in Figure 3.

0.8

JEEeereeereree:
0.74* .............5?.3{1111,1

ooy

| |7—N,=10"cm?
2044 N =10%cm?
s |+ N=10"cm?
2034+ N =10®cm®
<N =10"cm?

0.14

0.0
10° 10" 10 10° 10* 10° 10° 107 10® 10° 10%°
Junction dynamic velocity S, (cm's™)

Figure 3. Photovoltage as a function of dynamic velocity at the junction for different emit-
ter doping rates (Ns = 10 cm ™3, Npsr= 102 cm™, W= 0.1 um, H = 100 um, Wpesr=0.1 pm).
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We notice that in open circuit, when the doping rate of the emitter increases
from 10" cm™ to 10*! cm™, it appears an increase in the open circuit photovoltage
of about 10%. Indeed, increasing.

The doping rate of the emitter leads to an increase in positive ions near the
junction. the photovoltage being a difference of potentials will increase at the
junction on the emitter side. This will cause an increase in the open circuit pho-
tovoltage. In the following part, we will determine the behavior of the electrical

power as a function of the doping rate of the transmitter.

5.3. Impact of Doping Rate of the Emitter on Electrical

The figure below (Figure 4) represents the evolution of the electrical power as a
function of the dynamic velocity at the junction for different doping rates of the

N, emitter under simultaneous illumination of both faces.

——N =107 cm?
25+ .« N =10"%cm?
o —+N.=10" cm?
5 20-
B
g
= 154
[}
£
o
(o9
.2 107
58] 5

10° 10' 10* 10° 10* 10° 10° 107 10® 10° 10"
Junction dynamic velocity S, (cm-s™)
Figure 4. Electrical power as a function of dynamic velocity at the junction for different

doping rates of the Ne emitter (Np = 10" cm™3, Npsr=10* cm™3, W= 0.1 pm, A =100 um,
Whsr= 0.1 pm).

We notice in this figure the impact of the doping rate of the transmitter on the
maximum electrical power. We note that the maximum electrical power increases
for the values of the doping rate 10'® cm™ then decreases from this value. This
state of affairs confirms the effect of the doping rate of the emitter V. observed on
the photocurrent density and the photovoltage. According to the results recorded
in Table 1, we also notice that the very high doping rate acts negatively on the fill
factor.

Table 1. Fill factor values as a function of doping rate N..

N, (cm™) Prax (MW/cm?) vV, (mV) 3o, (mA/em?) FF (%)
10Y 23.47 657.88 46.82 76.19
108 25.04 701.73 46.82 76.21
10 24.97 718.62 45.58 76.23

DOI: 10.4236/sgre.2025.1610011

194 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2025.1610011

R. Konate et al.

Continued
1020 23.06 730.95 41.80 75.47
102! 19.36 730.95 37.14 71.31

As we can see, the fill factor increases when the doping rate V. increases from
10" cm™ to 10" cm™ then decreases from 10" cm™. The reduction in the fill factor
is due to the fact that for the values of the doping rate N, < 10" cm™ the increase
in the photovoltage com pensates for the short-circuit photocurrent losses. On the
other hand, for N, > 10" cm™ the short circuit photocurrent loss becomes signif-
icant and can no longer be compensated by the open circuit photovoltage. There-
fore, the doping rate N, should be within the interval [10'® cm™ - 10" cm™]. Sub-
sequently, we will study the impact of the base doping rate.

5.4. Impact of the Base Doping Rate on Photocurrent Density

Figure 5 represents the evolution of the photocurrent density as a function of the
dynamic velocity at the junction for different doping rates of the base under sim-

ultaneous illumination of the both faces.

50+
—=—N =10%cm?
b _.::::2:2:ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂi
o *N,= 10" cm™ l:::‘ prrTTTTTTTTYYYTTTTTTYYY
g -
g 40 +Nb: 1017 cm-3 ;l 7
<‘ﬂ8 v Nb =108 ¢cm? x: 7 <<‘4<..««.««««««««««
~ {7
~304| < N,=10" cm? {74
<] Yy 4
5 { ]
o
= 204 L5/
5 Y
= ¥4
3 [
10 [ ¥4
o)
3 L v
E i
-
c“{;;"
AR
10° 10" 10 10® 10¢ 10° 10 107 10%

Junction dynamic velocity S, (cm-s™)

Figure 5. Photocurrent density as a function of dynamic velocity at the junction for differ-
ent emitter doping rates. (N. = 10" cm™>, Npr= 10" cm™, W= 0.1 um, A = 100 um, Whsr
=0.1 um).

We also notice that for the values S¢< 10* cm-s™ the doping rate of the base has
no impact on the photocurrent density. On the other hand, for the values S;> 102
cm-s™' the short-circuit photocurrent density decreases when the doping rate of
the base increases. In short circuit, this decrease in photocurrent density is about
24.67% when the base doping rate increases from 10> cm™ to 10 cm™. Indeed,
when the doping rate of the base is high, the holes which are the majority carriers
increase. Consequently, very few electrons will be able to cross the junction to be
collected and participate in the current of the short-circuited external circuit. In-

deed, increasing the doping of the base leads to a reduction in the diffusion length

DOI: 10.4236/sgre.2025.1610011

195 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2025.1610011

R. Konate et al.

as well as the diffusion coefficient [2]. The electrons in the base of the PV cell will
undergo significant recombination, hence the reduction in the short circuit pho-
tocurrent density. In the following section, we will study the impact of the doping

rate of the base on the photovoltage.

5.5. Impact of the Doping Rate of the Base on the Photovoltage

The study of the evolution of the photovoltage as a function of the dynamic ve-
locity at the junction under simultaneous illumination of both faces, the curves

obtained are presented in Figure 6.

0.8+

1 LR S L
(L S —

0.6
£ 0.5
> i
%” 0.4- —=—N,=10"cm? “‘
’g : +—N,=10"cm? \
g 0.3 +Nb =10" cm
é 1 v =108 ¢cm3

0.2- N,=10%cm

«—N,=10"cm?

0.1 ‘-.\
0.0
10° 10' 10 10 10* 105 10° 107 10% 10° 10"

Junction dynamic velocity S (cm-s™)

Figure 6. Photovoltage as a function of dynamic velocity for different base doping rates (V.
=10" cm™, Nper= 10" cm™>, W= 0.1 pm, H = 100 um, Whsr= 0.1 pm).

In short circuit, the photovoltage is very insensitive to variations in the doping
rate of the base. On the other hand, in an open circuit the photovoltage increases
by 5.23% when the doping rate of the base goes from 10" cm™ to 10" cm™ then
remains constant from this base doping rate value.

Indeed, increasing the doping rate of the base leads to an increase in negative
ions at the junction on the base side. Thus, the open circuit photovoltage which is
a potential difference will increase. The electrons are then blocked in the base of
the PV cell, resulting in an increase in the open circuit photovoltage despite the
volume recombinations which increase with the doping rate of the base. Reason
why the open circuit photovoltage increases when the doping rate of the base in-
creases. In the following part, the evolution of the electrical power as a function

of the doping rate of the base will be analyzed.

5.6. Impact of Doping Rate of the Base on Electrical Power

Figure 7 represents the evolution of the electrical power as a function of the dy-
namic velocity at the junction for different doping rates of the base under simul-

taneous illumination of the two faces.
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10° 10t 10* 10° 10* 10° 10° 107 10° 10° 10"
Junction dynamic velocity S, (cm-s™)
Figure 7. Electrical power as a function of dynamic velocity at the junction for different

values of the base doping rate (N = 10" cm™, Npsr= 10" cm™, W= 0.1 um, A =100 pm,
Whsr= 0.1 pm).

The maximum electrical power increases for the values of the doping rate N, <
10'® cm™ then decreases for the values of the doping rate dopage N, > 10'° cm™.
As the doping rate increases, the electrons in the base become less and less mobile,
which favors their recombinations. This fact is linked to the decrease in the pho-
tocurrent density of the electrons observed previously. Which clearly justifies the
reduction in electrical power when the doping rate of the base increases. We pre-
sent, in Table 2, the values of the fill factor as a function of the doping rate of the

base.

Table 2. Values of the fill factor as a function of the doping rate Np.

N, (cm™) Prax (MW/cm?) vV, (mV) 3. (mA/cm?) FF (%)
10 24 .77 694.40 46.82 76.19
1016 26.07 730.75 46.81 76.21
1077 25.55 730.75 45.88 76.21
1018 22.05 730.75 42.23 71.45
10%° 18.37 730.75 35.27 71.27

We see that the fill factor undergoes a slight increase when the doping rate N,
goes from 10" cm™ to 10" cm™ then remains constant for the values of the doping
rate between 10'* cm™ and 107 cm™. Then for values of N, greater than 10" cm™
the fill factor decreases sharply. However, the optimal doping rate of the base must
be between 10' cm™ and 107 cm™. In the following part, the impact of the doping

rate of the overdoped zone will be studied.
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5.7. Impact of the Doping Rate of the Overdoped Zone on
Photocurrent Density

Figure 8 shows the evolution of the photocurrent density as a function of the dy-
namic velocity at the junction for different doping rates of the overdoped zone

under simultaneous illumination on both faces.

50+
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Junction dynamic velocity S, (cm-s™)
Figure 8. The photocurrent density as a function of the dynamic speed at the junction for

different doping rates of the overdoped zone p* (N, = 10" cm™, Ne = 10” cm™3, W= 0.1
pum, A= 100 um, Whs= 0.1 pm).

For values of S¢< 10° cm-s™, the doping rate of the zone p* has no impact on
the photocurrent density. On the other hand, for values of $y> 10> cm-s™* we have
an increase in the photocurrent density. In short circuit, when the doping rate of
the overdoped zone p* increases from 10" cm™ to 10* cm™, an increase in the
photocurrent density of approximately 24.52% is observed. This increase is due to
the presence of the electric field on the rear surface of the PV cell. Consequently,
the minority carriers (electrons) generated near the surface escape the recombi-
nation process at the back face [16]. Indeed, the presence of the back electric field
of the PV cell makes it possible to minimize recombinations although the doping
rate of this zone is high. we can say that the increase in impurities in this area leads
to an increase in the photocurrent density at the back face of the PV cell. Now, we
will show the impact of the doping rate of the overdoped zone on the photo-

voltage.

5.8. Impact of the Doping Rate of the Overdoped Zone p* on the
Photovoltage

In Figure 9, we present the photovoltage curve as a function of the dynamic ve-
locity at the junction for different doping rates of the overdoped zone under sim-

ultaneous illumination on both faces.
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Figure 9. Photovoltage as a function of dynamic velocity at the junction for different dop-

ing rates overdoped zone p* (Vs = 10" cm™, N.= 10" cm™, W=0.1 um, H =100 pm, Whsr
=0.1 um).

We see an increase in photovoltage when the doping rate increases in the open
circuit. Indeed, we see an increase in the photovoltage up to Npr= 10* cm™ then
it remains constant from this value. When the doping rate of the zone increases
from 107 cm™ to 10*! cm™, it appears an increase of about 25% in the open circuit
photovoltage. Indeed, the doping rate of the overdoped zone will impact the back
electric field (Back Surface Field) which is directed from the base towards this
overdoped zone. The potential barrier induced by the difference in doping level
between the base and the overdoped zone therefore tends to confine the minority
carriers in the base [15]. However, very high doping of the overdoped zone re-
duces this potential barrier due to the BGN band gap narrowing phenomenon
[17]. So the dopant atoms become negative ions at the base-zone interface increas-
ing. Hence an increase in photovoltage. The evolution of the electrical power as a
function of the doping rate of the overdoped zone is analyzed in the following

part.

5.9. Impact of the Doping Rate of the Overdoped Zone p* on
Electrical Power

To determine the behavior of the electrical power as a function of the doping rate
of the overdoped zone p*, we represent the evolution of the electrical power as a
function of the doping rate of the overdoped zone p*. The evolution obtained for
simultaneous illumination is presented in Figure 10.

We observe in Figure 10 that the electrical power by the PV cell is almost zero
in the vicinity of the open circuit and the short circuit; it reaches its maximum at
an intermediate operating point. For this mode of operation, when the doping rate
increases from 107 cm™ to 10% cm™, the electrical power increases and then re-

mains constant from 10% cm™. This increase is explained by the increase in the
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intensity of the eclectic field. This prevents recombination at the back side of the
PV cell. This observation was made at the level of the photovoltage density. In
Table 3 the values of the fill factor are recorded for different values of the doping

rate of the overdoped zone.

30 — K
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Figure 10. Electrical power as a function of dynamic velocity at the junction for different
doping rates overdoped zone p* (N, = 10" cm™, M. = 10" cm™, W= 0.1 um, A= 100 um,
Whsr= 0.1 pm).

Table 3. Values of the fill factor as a function of the doping rate Nps«

Ny (cm™) P (MW/em?) v (mV) 3 (mA/em?) FF (%)

max

10Y7 15.68 584.77 37.60 71.31
1018 19.85 657.87 42.30 71.33
10% 23.79 694.41 44.97 76.18
102 26.09 730.97 46.84 76.20
102 26.08 730.98 46.82 76.20

We notice that increasing the doping rate of the overdoped zone p* gives a sig-
nificant improvement in all the parameters of the PV cell until reaching a constant
value, but the fill factor remains constant from this value. Indeed, recombination
in the overdoped zone p* is very weak given its location on the back face of the
cell. In addition, the heavily doped overdoped zone p* makes it possible to reduce
recombination at the semiconductor metal contact. Thus, the optimal doping rate

value Nysrshould be within the interval [102° cm™ - 10 cm™].

6. Conclusions

We determined the impacts of the doping rate on the electrical parameters of the
three zones of the bifacial PV cell. It appears that the photocurrent density de-
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creases when the doping rate, NV, and N, increases. However, the photovoltage
increases. On the other hand, these two quantities increase when the doping rate
Nyrincreases. The optimal values of the doping rates of each zone according to
the results obtained are as follows: N. = [10'® - 10" cm™] for the emitter, N, =
[10'¢ - 107 cm™] for the base, N, = [10% - 10*' cm™*] for the overdoped zone p*. It
is therefore necessary to take these values into account for an efficient bifacial PV
cell.

Furthermore, future investigations should explore the potential impact of re-
combination at grain boundaries and other environmental factors to further re-

fine our understanding of photovoltaic cell performance.
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