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Abstract. The analysis of microelectronic and photonic structures-one dimension (AMPS-1D) was
used to study and simulate the performance of organic heterojunction solar cells based on D1-B-
Edot-B-D2-A as electron donors, and [6,6]-phenyl-C61-butyric acid methyl ester (PCBM) as an
electron acceptor. The organic photowoltaic cell devices using T3-B-Edot-B-T3-A/PCBM showed
the improved open-circuit voltage Voc, short-circuit current density Jsc, fill factor FF, and power
conversion efficiency PCE values for the optimum thickness of 120 nm and the effective state
density of electrons and holes of 10?'cm-3.The P3-B-Edot-B-T3-A/PCBM and P3-B-Edot-B-P3-
A/PCBM based devices exhibited a power conversion efficiency (PCE) of 9.295% and 8.735%,
respectively, which outperformed the corresponding T3-B-Edot-B-T3-A/PCBM, Cbz-B-Edot-B-T3-
APCBM, F-B-Edot-B-T3-A/PCBM, and A-B-Edot-B-T3-A/PCBM based devices (7.330, 6.622,
7.226, and 7.327%). More importantly, the P3-B-Edot-B-T3-A/PCBM and P3-B-Edot-B-P3-
APCBM -based device delivered the highest PCE of 14.432% and 15.031% respectively, when
we deposita layer of PEDOT between the indium tin oxide (ITO) and the active layer, whichis a
clear improvement over other results in the literature.

1 Introduction capture in LUMOs (Lowest Unoccupied Molecular
Orbitals). This extraction or injection is particularly easy
in the case of compounds having a delocalized = electron
system [19]. These compounds are characterized by the
regular alternation of single and double bonds allowing
delocalization of electrons along the backbone. It is the
conjugation phenomenon. In this work, the AMPS-1D
program was used to study and simulate the performance

The reference scenario of the international energy agency
(IEA) forecasts that global primary energy needs will
increase by 55% between 2005 and 2030, due in particular
to exponential growth in emerging countries [1]. Faced
with this ever-growing demand and the exhaustion of
fossil fuels (oil, gas, coal), which currently remain the

majority primary sources of electricity production in the of organic solar cells, based on organic matter consisting

world (60%), [2.]’ the use of alterna}tive energies has of an acceptor materiel: [6,6 Acid methyl ester]-phenyl-
become a priority. Renewable energies produced by a C61-butyric acid (PCBM) [20], and a donormaterial: D1-
nat'ural process and which are 1.nexhauspble and do not B-EDOT-B-D2-A (composed of benzothiadiazole (B),
emit no greenhouse gases, unlike fossil fuels [3]. The 3,4-FEthylenedioxythiophene (EDOT), the cyanoacrylic
value of the power conversion efficiency (PCE) for acid anchoring group (A), and different donor unit
organic solar ?ells remains lower if _comp'a‘rcid to the consisting ofthiophene (T), Phenylene (P), Carbazole (C),
efficiency obtained by other technologies (Silicium 25% Fluorene (F) and Antrhacene (A)). The geometric
[4]), however, several reasons justify the efforts made to electrical, molecular, and optical properties of the

develop the organic sect?r, and Wthh_ lie in the molecules used in this article [21] were investigated using
advantages of organic materials. Indeed, this technology the density functional theory and time dependent density
would allow access to flexible photovoltaic modules Functional Theory (DFT and TD-DFT) / B3LYP / 6-
and/orlarge surfaces. Molecular engineering also enables 31G(d,p) method. The main objective of this work is to
adaptation ofband gap values and energy levels of organic define the influence of thickness of the active layer,
materials, which are relatively easy to produce at low cost temperature, the effective state density of electrons and
[5, 6]. In recent years, the power conversion efficiencies holes, and the effect of changing the unit donor on the
(P,CES) of organic solar cells haveb.een rapidly 1mpr(.)v.ed electrical characteristic of the organic photovoltaic cell
w,lth the deve!opment of photoactive layers contamn}g and subsequently on its parameters. The second objective
higher performing acceptors and donors [7,18]. Electronic is to study the influence of the addition of a PEDOT layer

cond.uc.t.ion in the case Of Qrga}nic materials requires. the between the anode (ITO) and the active layer on the
possibility of creation or injection of free charge carriers. performance of the photovoltaic solar cell.

For molecules, this implies easy ionization; either by
ejection of electrons form HOMOS in the molecule
(Highest Occupied Molecular Orbitals), or by electron
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2 Parameters of organic solar cells

The plot of the current-voltage characteristic provides
access to many physical parameters of the component.
The first parameters that appear on the current-voltage
characteristic of a photovoltaic cell are the short-circuit
current density (Jsc), the open-circuit voltage (Vco), the

fill factor (FF) of the component, and the power
conversion efficiency (PCE).

2.1 The short-circuit current density (Jsc)

This is the most important current density that can be
obtained with a solar cell. It grows linearly with the
illumination intensity of the cell and depends on the
illuminated area, the wavelength of the radiation, the
mobility ofthe carriers and the temperature [22].

2.2 The open-circuit voltage (Vco)

In the case of organic solar cells, the Vco is linearly
dependent on the level ofthe HOMO of the donormaterial
and on the level of the LUMO of the acceptor material
[23, 24]. In addition, the charge losses at the material-
electrode interfaces may also affect the value of the Vco
[25].

The theoretical values of open-circuit voltage Vocwere
calculated from the following expression [25]:

-0.3

_ Donor
VOC - ‘E HOMO

_ E Acceptor|
LUMO

(1

2.3 The fill factor FF

The fill factor FF reflects the degree of ideality ofthe J(V)
curves. It is determined by the following equation:

Pmax Jmax

FF )

= = Vmax -
Voc - Jsc Voc - ]Jsc

Where Jmax and Vmax respectively represent the current
density and voltage of the operating point that allows to
extract the maximum power (Pmax) of the cell. The fill
factor can also provide information on the quality of the
material-electrode interfaces.

2.4 The power conversion efficiency

The power conversion efficiency M of photovoltaic cells
is defined as the ratio between the maximum power Pmax

delivered by the cell and the incident light power, Pin.
[26]

P,

) ©)

n

The maximum conversion efficiency of a cell is only
meaningful for a given spectral distribution and intensity.
The most commonly used standard irradiation
corresponds to an air mass number AM1.5. PCEs in the
range of 6-10% were achieved in recent years for a single
BHJ solar cell [27, 32] and a PCE of 10.1% [33] and 12%
for tandem cell devices [34].

3 The studied molecules

In this work, we will study and simulate the photovoltaic
properties of organic solar cells based on the DI1-B-
EDOT-B-D2-A oligomers (figure 1).

The optimized structure and the geometric properties
calculated by B3LYP / 6-31 (d, p) show that donors and
acceptors are fully linked through the =m-conjugated
bridges whose are all planar.

These molecules present alaw band gap, and there LUM O
energy levels are higher than that of PCBM (-3, 9 eV)
(figure 2).

This condition is sufficiently important for efficient
electron injection. HOMO and LUMO analysis of the
oligomers indicates the electron or hole transport
capability.

This condition is sufficiently important for efficient
electron injection. HOMO and LUMO analysis of the
oligomers indicates the electron or hole transport
capability.

It is clearly seen that the electron density of the highest
occupied molecular orbitals (HOMO) is mainly localized
on the donor part of (3,4-Ethylenedioxythiophene) and
diffusely distributed on the =-conjugation on the
Benzothiadiazole ring. In contrast, the electron density of
the lowest unoccupied molecular orbitals (LUMO) is
extended over the acceptor acid groups (figure 2).

The capacity of the material to accept one electron from
the environment is the electronic affinity EA.

EA=EM)-EM") 4

Where, E(M) and E(M") are the total energies of neutral
molecule and anion states, respectively. We calculated the
energies using the B3LYP/6-31G(d,p) level.
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Fig. 1. The sketch map structures of studied organic oligomers
[21].



E3S Web of Conferences 336, 00063 (2022) https://doi.org/10.1051/e3sconf/202233600063
ICEGC2021

2.5
S
0 ", as sm
—~ 35 3 g
3 PORM
5 3.87 2.39 -3.90
‘! 4.0 - 4
0.53
+ 2.24 2.28
45 40
TARE A WTAA g
-4.7 g
mo o
5.0 - ; -4.91
™ LA UL LA Y
49
o, 527 529 A"
-5.5 - o R PRGN TIA ABFEANTIA i
- M ol s

Fig. 2. The sketch of B3LYP/6-31G(d,p) calculated energies of the HOM O and LUM O level and the contour plots of HOM O and
LUM O orbitals of the studied molecules [21].

A good photovoltaic material should have broad and 4 Results and discussion
strong visible absorption characteristics. The simulated .
absorption spectra of these oligomers are shown in 4.1 Studied Structure

Figure3The Amuxvalues of these oligomers are in excellent In this part of the work, we will focus our efforts on the
agreement with Egap values previously presented. characterization of an ITO/T3-B-EDOT-B-T3-A/
Table 1. The EA (eV) of the studied molecules obtained by P,CBM/AI type organic photovoltaic cell as it is shown in
B3LYP/6-31G (d,p) level [21]. Figure 4.
[6,6]-phenyl-C61-butyric acid methyl ester (PCBM) is a
compounds EA(eV) compounds EA(eV) derivative of Buckminster's C60 fullerene, it has been
T3BEdotBT3A 3.35 FBEdotBT3A | 2.22 widely usedin combination with P3HT and other donors
P3BEdotBT3A 2.23 ABEdotBT3A 222 in organic solar cells due to its high electron mobility
CbzBEdotBT3A 791 P3BEdoiBP3A 178 properties [35,36] and its ability to organize into a
structure favorable for good electronic conductivity [37].

80000 U -
— P3BEdotBP3A l
70000 —— FBEdotBT3A
—— CbzBEdotBT3A Aluminlum / y
60001 — T3BEotBT3A b poid Donor
.g —— P3BEdotBT3A ¢ ST TABEMITAA
i —— ABEd0tBT3A
= T
HELS {A opor
E- \ PCsm
g 30000
¢ 1o
20000
10000 4
0- T T T T T T T T T T T T T T
300 450 600 750 900 1050 1200 Fig. 4. Bulk heterojunction structure of the organic solar cell
based on T3BEdotBT3A /PCBM.
Wavelength (nm)
4.2 Influence of the Thickness
Fig. 3.Simulated UV-Visible optical absorption spectraof the For a fixed temperature (300 K), we will study the impact
studied compounds calculated by TD/DFT/B3LYP/6-31G (d, of the active layer thickness on the properties of the
p)level [21]. organic solar cell based on T3-B-EDOT-B-T3-A/ PCBM

(Figure 5). From the obtained results, we deduce that the
conversion efficiency values increase with the increase of
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the active layer thickness; this is essentially dueto a good
absorption of the thicker layers, since the light absorption
is one of the determining factors of the photovoltaic
efficiency. With the increase of the thickness of the active
layer, we notice that the short-circuit current density Jsc
increases, the open-circuit voltage Voc remains constant,
while the fill factor FF decreases slightly from 100 nm.
On the other hand, if we compare our results obtained by
simulation with those obtained in the case of
P3HT/PCBM, we notice an improvement in the
performance of the solar cell. Table 2 shows the results
obtained by varying the thickness from 80 to 180 nm. The
results show that the optimum efficiency for
T3BEdotBT3A/PCBM is at 120 nm thickness because the
development of active layers with a great thickness, poses
many technical problems, which inevitably generate
higher costs. The experimental results give an optimum

4.3 Effect of the Temperature

In this section, the temperature dependence of cell
parameters was investigated, using the AMPS program
and taking 120 nm as thickness. For a temperature varying
between 280 to 320 °K, the results are presented in table
3.The temperature has some influence on the performance
of the organic cell. The cell parameters (n, Jsc, Voc, FF)
decrease with increasing temperature. However, the
impact of temperature change on the open circuit voltage
Voc in organic cells is significantly lower than that of
inorganic cells, where it was found that the open circuit
voltage decreases with increasing temperature, implying
a significant advantage of organic photovoltaic cells in
many fields ofuse.

Table 3. Photovoltaic parameters of the organic cell based on
T3-B-EDOT-B-T3-A/PCBM for different temperatures.

thickness of about 100 nm [38]. Temperature Jsc (mA Voc(eV) FF n%
Table 2.Photovoltaic parameters of the organic cell based on (K cm.2)
T3-B-EDOT-B-T3-A/PCBM for different thickness. 280 15.780 0.635 0.734 | 7.357
Thickness Jsc(mA Voo(eV) FF 1% 285 15.766 0.628 0.731 | 7.239
(nm) cm.2) 290 15.752 0.622 0.727 | 7.124
30 12.601 0.607 0.725 5.543 295 15.738 0.616 0.724 | 7.012
1 14.264 . 72 .

00 6 0609 0.726 6303 300 15.725 0.609 0.720 | 6.903

120 15.725 0.609 0.720 6.903
140 [7.021 | 0609 | 0711 | 7372 305 15.711 0.603 0.717 | 6.798
T60 8165 | 0609 | 0700 | 7.742 310 15.698 0.597 1 0715 1 6.697
180 19.155 0.608 0.690 2.036 315 15.686 0.591 0.712 | 6.598
320 15.671 0.585 0.709 | 6.501
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Fig. 5.Simulation by AMPS-1D of the characteristics J(V) of the organic solar cell based on T3-B-EDOT-B-T3-A/PCBM

for different thicknesses.
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4.4 Effect of the Effective State Density of
Electrons and Holes in the Conduction and
Valence Bands, Respectively

We vary the density of effective electron and hole states in
the conduction and valence bands, respectively, and set the
thickness to 120 nm and the temperature to 300 k. Table 4
shows the results.

For an increase in the effective density, the fill factor
increases, the open circuit voltage Voc decreases, and the
value of the current density Jsc also decreases. It should
also be noted that the increasing the effective density
causes a decrease in the value of the PCE; it reaches an
optimum value for 1021 ¢cm™3.

Table 4. Parameters of the photovoltaic cell for different values
of effective electrons and holes densities.

We  studied five new copolymers P3BEdotBT3A,
CbzBEdotBT3A, FBEdotBT3A, ABEdotBT3A, and
P3BEdotBP3A.

In this phase we kept the same parameters used in the previous
numerical simulation. We will take the value of thickness equal
to 120 nm, set the value temperature at 300 K and the effective
state density of electrons and holes equal to 10?1 cm™3 .

Figure 6 shows the simulation results grouped in Table 5.

Based on the obtained results, it can be seen that: for the
copolymers P3BedotBT3A —PCBM and P3BedotBP3A —-PCBM,
the values ofthe PCE are high compared to the other copoly mers.
On the other hand, the value of the fill factor and the value of the
open circuit voltage for P3BedotBP3A, and the value of the
current density Jsc for P3BedotBT3A are high compared to the
other copolymers.

Therefore, we can conclude that the solar cell becomes more
efficient when the T3 donor is replaced by P3.

Table 5. Parameters of the photovoltaic cell for different donor

Density (cm™>) Jsc(mA | Voc(eV) FF n% t
cm_2) units.
1018 15.805 0.690 0.775 | 8.457 Copolymers Jsc(Ma | Voc(V) | FF 1%
10%° 15.778 0.703 | 0.740 | 8.209 cm_2)
1077 15.749 0.704 1 0.700 | 7.759 T3BedotBT3A 15734 | 0.710 | 0.657 | 7.330
10%1 15.734 0.710 [ 0.657 | 7.330
10%3 15.718 0.727 | 0.556 | 6.356 CbzBEdotBT3A | 10.640 | 0.775 0.803 | 6.622
4.5 Effect of changing donor unit FBEdotBT3A 10.634 | 0.788 0.863 | 7.226
In this section, we examined the copolymers studied previously,
where the donor unit D1 (T3) was replaced by other donor units ABEdotBT3A 10.636 0.789 0.873 | 7.327
(P3, Cbz, F, A) for the first four molecules, and the two donor
units D1 and D2 by the donor unit P3 for the last one. We studied P3BedotBP3A 10.640 | 0.810 1.013 | 8.735
the influence of the donor unit substituted in the T3BEdotBT3A

copolymer on the cell parameters.

Light IV
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Data generated by AMPS-1D, Copyright () 1957 The Pennsylvania State University and
Electric Power Research Institute

Fig. 6.Simulation by AMPS-1D of the characteristics J(V) of the organic solar cell for different donor units.
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4.6 Effect of incorporating a layer of PEDOT

Using AMPS-1D software, we obtained the J (V)
characteristic curves of organic photovoltaic cells based on
P3BEdotBT3A / PCBM and P3BEdotBP3A / PCBM in
BHIJ structure with a PEDOT layer introduced between the
active layer and the anode (figure 7).

In order to identify the effects of the introduced layer, we
respectively superimposed these curves with the J(V)
characteristic curves of the organic cells based on
P3BEdotBT3A / PCBM and P3BEdotBP3A / PCBM
obtained previously, respectively (Figures 8 and 9). By
analyzing the results, we noticed that the value of short-
circuit current density Jsc decreases for P3BEdotBT3A -
PEDOT and increases for P3BEdotBP3A-PEDOT, but the
fill factor varies unlike Jsc for both cells. On the otherhand,
the value of the open circuit voltage Voc and the efficiency
increase.

PCEs of 14.432% and 15.031 % were obtained from the
P3BEdotBT3A and P3BEdotBP3A based devices with the
use of PEDOT, which are very important values in
photovoltaic conversion. The use of the simulation results
indicates an improvement in the conversion efficiency of
the organic cell, due to the introduction of PEDOT. The
incorporation of the PEDOT layer prevents the diffusion of
oxygen and indium from the ITO to the active layer, and
promotes the collection of photo-generated positive
charges, which improves the performance of the
photovoltaic device. The photovoltaic parameters of the
simulated organic solar cells are shown in tables 6 and 7.

Table 6. Parameters of the photovoltaic cell based on
P3BEdotBT3A-PCBM before and after the introduction of the
PEDOT layer.

Copolymers Jsc(mAcm_2) FF Voc n%
(V)
P3BEdotBT3A- 25.186 0.605 | 0.610 9.295
PCBM
PEDOT- 19.902 0.622 | 1.166 | 14.432
P3BEdotBT3A-
PCBM

Table 7. Parameters of the photovoltaic cell based on
P3BEdotBP3A—PCBM before and after the introduction of the
PEDOT layer

Copolymers Jsc(mA FF Voc n%
cm_2) eV)
P3BEdotBP3A- 10.640 | 0.810 1.013 8.735
PCBM
PEDOT- 19.773 | 0.621 1.225 15.031
P3BEdotBP3A-
PCBM
Al
PEDOT
ITO

Fig. 7. Scheme of the BHJ organic cell based on D1-B-Edot-B-
D2-A/ PCBM witha layer of PEDOT.
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Fig. 8. Simulation by AMPS-1D of the characteristics J(V) of the organic solar cell based on P3BEdotBT3A - PCBM before
and after the incorporation of the film PEDOT
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Fig. 9. Simulation by AMPS-1D of the characteristics J(V) of the organic solar cell based on P3BEdotBP3A -PCBM before and after

the incorporation of the film PEDOT.

5 Conclusion

In summary, we have simulated, the performance of organic solar
cells based on D1-BT-EDOT-BT-D2-A/PCBM structures using
AMPS-1D program. We have studied the bulk heterojunction
structure of the organic solar cell which is composed of
T3BedotBT3A /PCBM. Wesstudied the influence of the variation
of thickness, temperature, the effective state density of the
electrons and holes in the conduction and valence bands
respectively, and the effect of changing donor unit on the
electrical characteristic of the organic photovoltaic cell. Finally,
we have deduced that a PEDOT layer inserted between the anode
and the active layer has a positive effect on the performance of
the organic photovoltaic cell. As a result, the Jsc, FF, Voc and
PCE values can be improved simultaneously. The P3-B-Edot-B-
T3-A/PCBM and P3-B-Edot-B-P3-A/PCBM structures
delivered an impressive Jsc of 19.902 mA/cm2 (19.773), a Voc
of 1.166V (1.225), an FF of 62.2% (62.1%), and the highest PCE
of 14.432% (15.031%) respectively, which represents a clear
improvement compared with other results in the literature, such
as those of the poly(3-hexylthiophene) (P3HT) —[6,6]-phenyl-
C61 (PCBM) cell and [(Cbz-Mth)-BT]2-PCBM [39].
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