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In this simultion work, the effect of front and back contacts of p-n homojunction Si solar cell with an electron-blocking layer
(EBL) has been studied with the help of a strong solar cell simulator named AMPS-1D (analysis of microelectronic and
photonic structures one dimensional). Without the effect of these contact parameters, low solar cell efficiency has been
observed. Fluorine-doped tin oxide (FTO) with high work function (5.45 eV) has been used as the front contact to the
proposed solar cell. Zinc (Zn) metal which has a work function of 4.3 eV has been used as the back contact of the
proposed model. With FTO as the front contact and Zn as the back contact, the optimum efficiency of 29.275%
(Voc = 1.363V, Jsc = 23.747mA/cm2, FF = 0.905) has been observed. This type of simple Si-based p-n homojunction solar
cell with EBL of high efficiency has been proposed in this paper.

1. Introduction

Because of the increasing trend of price of fossil fuels and
some of their drastic and dangerous effects on greenhouse,
the world is now looking for green energy like solar cells
[1]. For its green power, low cost, and availability, rene-
wable energy plays an important role in the world energy,
especially solar photovoltaic cell which has a great contri-
bution to the world’s electrical energy. Solar energy [2] is
another increasingly hot topic in recent years due to the
inevitable exhaustion of fossil and mineral energy sources
in the next fifty years [3]. Although solar cell has a great
disadvantage of higher initial cost, after payback, it is still
the best option for clean energy. For example, the calcu-
lated energy payback for the current PV systems is 3-4
years, which depends on the type of PV panel (thin film
technology or multicrystalline silicon), but this time may
be expected to be reduced to 1-2 years as manufacturing
techniques improve [4]. People all over the world have

investigated different types of silicon solar cells for many
years [5]. One of the main reasons that silicon is the
choice for semiconductor material in the field of micro-
electronics is that it forms a unique oxide on the surface
when heated to high temperatures which facilitates device
fabrication for two reasons: (i) it neutralizes defects on
the silicon surface and (ii) it allows for straightforward
planar processing [6]. The performance of solar photovol-
taic cells depends on their design, material properties,
and fabrication technology; that is why researchers pres-
ent improved cells over periods of time, although the
overall process is not only quite complex but also expen-
sive and time-consuming [7]. One of the best methods
for simulating solar cell is the numerical approach which
helps the researchers to find out a design optimization.
There are many major objectives of numerical modeling
and simulation in solar cell research such as testing the
validity of the proposed physical structures and geometry
on solar cell performance and fitting the modeling output
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to experimental results, which have become indispensable
tools for designing a high-efficiency solar cell [7]. The front
and back contacts have great influence on efficiency as well
as performance of silicon solar cell. Ni back contact gives
high performance compared with other metals [8]. The
efficiency of solar cell also depends on the work function
[9] of the front and back contacts. The work function,
Φ, is the energy required to remove an electron from the
highest filled level in the stationary Fermi distribution of
a solid, a point in a field-free zone just outside the solid,
at absolute zero. The relatively high evaporation rates
can be achieved with low work function materials and
must be operated at lower temperatures [10]. High-
performance electrodes must exhibit a low work function,
φ, uniformly over the electrode surface. The electron
source community has identified several promising mate-
rials that can uniformly reduce φ through the use of sur-
face adsorbents and/or bandgap modification [10]. The
theoretical efficiency limits of solar energy conversion are
strongly dependent not only on the range but also on a
number of different bandgaps or effective bandgaps that
can be incorporated into a solar cell [11].

In this work, p-n homojunction Si solar cell with an
electron-blocking layer (EBL) [1] has been studied with
the variation of front and back contact parameters such
as the work function (eV) and reflection coefficient. For
the simulation of this device, a strong solar cell simulator
named AMPS-1D (analysis of microelectronic and pho-
tonic structures one dimensional) has been used. Other
parameters/data of the solar cell device have been
adopted from various practical references [12]. Although
some have carried out this topic before [1], this study
is the first and unique one to consider the work function
and reflection coefficient of the front and back contacts
to improve the efficiency of Si homojunction solar cell.
Authors have been tried to simulate this solar cell, and
the efficiency of 29.275% has been observed at the thick-
ness of 6000 nm for each p-layer Si and n-layer Si and
50nm of EBL with 2.10 eV bandgap along with the work
functions of the front and back contacts which are 1.5 eV
and 0.5 eV, respectively.

2. Simulation Model

In AMPS software, the physics of device transport can be
captured in three governing equations: Poisson’s equation,
the continuity equation for free holes, and the continuity
equation for free electrons [13]. Determining transport
characteristics then becomes a task of solving these three
coupled nonlinear differential equations subject to appro-
priate boundary conditions. These three equations and
the corresponding boundary conditions, along with the
numerical solution technique used to solve them. AMPS
software assumes that the material system under examina-
tion is in steady state. That is, it is assumed that there is
no time dependence. It follows that the terminal characte-
ristics generated by AMPS are the quasi-static characteris-
tics. Table 1 shows the boundary conditions of the front
and back contacts of AMPS. PHIBO is the difference

between the work function of the front contact and elec-
tron affinity of the semiconductor in contact. Similarly,
PHIBL is the difference between the work function of
the back contact and electron affinity of the semiconductor
in contact.

PHIBO is the difference between the work function of the
front contact and the electron affinity of the associated semi-
conductor. Similarly, the PHIBL is the difference between the
work function of the back contact and the electron affinity of
the associated semiconductor. Table 2 shows the surface
recombination speed of AMPS. Here, for the simulation,
the SNO, SPO, SNL, and SPL were all selected as 1e7 cm/sec.

Table 3 shows the reflection coefficient for light imping-
ing on the front and back surfaces. In this case, RF 0.1 and
RB 0.9 have been selected for the simulation. It means that
the front contact of the device can reflect only 10% of the
incident light and the back contact of the device can reflect
90% of the incident light.

3. The Proposed Model with Front and Back
Contact Parameters

Figure 1 shows the p-n homojunction solar cell with EBL and
the front and back contact parameters. The spectral response
(SR) has been observed with this model.

In the proposed device, p-n solar cell with p-type Si of
6000 nm in thickness and also with n-type Si solar cell of
6000 nm in thickness has been incorporated along with the
proper front and back contacts in order to enhance efficiency.
As some researches have been carried out on this homojunc-
tion Si solar cell, this is the first research with AMPS to
consider the proper front and back contacts. A 50nm thick
electron-blocking layer (EBL) has been embodied on the
top of the p-n diode where light is immersed. It has been
observed that the higher the thickness of p-n Si layer, the
higher the efficiency. But with p-n Si layer of 6000nm thick-
ness, the optimum efficiency is 29.275%, comparatively
higher than conventional Si solar cell. For this solar cell
simulation, a PHIBO (work function of the front contact)
of 1.6 eV and reflection coefficient of 0.1 and a PHIBL (work
function of the back contact) of 0.5 eV and reflection coeffi-
cient of 0.9 have been selected. The simulation result shows
that the efficiency and performance of the solar cell device
are optimum; hence, these are the best solar cell contacts
with the corresponding parameters for this device.

4. Simulation Parameters

The parameters included in Table 4 and Table 5 are used to
simulate the solar cell in AMPS-1D. The temperature of
300K is used as the default, and to get the all results,

Table 1: Boundary conditions of the front and back contacts of
AMPS.

Contact parameters Description

PHIBO=Φbo (front contact) Ec− Ef in at x= 0 (eV)

PHIBL=ΦbL (back contact) Ec− Ef in at x= L (eV)
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AM 1.5 illuminations are used. AM means air mass coef-
ficient. The air mass coefficient is defined as the direct
optical path length through the Earth’s atmosphere,
expressed as the ratio relative to the path length vertically
upwards, that is, at the zenith [14].

5. Simulation Result and Discussion

Figure 2 shows the PHIBO versus efficiency plot of the
proposed solar cell’s front contact. We have tried to
simulate the front contact PHIBO from 1.2 eV to 2.2 eV.
It has been observed that, at 1.6 eV PHIBO, the
efficiency is 29.275%. Before the value of 1.6 eV, which
has a drastic effect on efficiency, and beyond the value
of 1.6 eV, the efficiency has a negligible increase. That is
why the PHIBO is 1.6 eV which is the optimum value of
the proposed solar cell. Figure 3 shows the PHIBO
versus Voc plot of the proposed solar cell’s front contact.
It has been observed that, at PHIBO 1.6 eV, the open
circuit voltage is 1.363V and it is the optimum value as
Figure 3 describes. Figure 4 shows the PHIBO versus Jsc
plot of the proposed solar cell’s front contact. The plot
describes that the short circuit current of the solar cell
increases with the increase in PHIBO but the changes
are quite small. Figure 5 shows the PHIBO versus fill
factor plot of the proposed solar cell’s front contact. It
has been observed that the fill factor is optimum (0.905)
at PHIBO 1.6 eV.

Figure 6 shows the PHIBL versus efficiency plot of the
proposed solar cell’s back contact. We have tried to vary the
PHIBL from 0.1 eV to 0.8 eV. It has been observed that the
optimum efficiency (29.275%) has been achieved at PHIBL
0.5 eV. After 0.5 eV, the efficiency has been drastically
affected as shown in the plot. Figure 7 shows the PHIBL
versus Jsc plot of the proposed solar cell’s back contact. Here,
the short circuit current has no effect (almost the same, i.e.,
23.747mA/cm2) on PHIBL as shown in the plot. Figure 8
shows the PHIBL versus fill factor (FF) plot of the proposed
solar cell’s back contact. The optimum FF (0.905) has been
observed at PHIBL 0.5 eV. FF has been decreasing sharply
after PHIBL 0.5 eV which is depicted in Figure 8. Figure 9

shows the PHIBL versus Voc plot of the proposed solar cell’s
back contact. The optimum open circuit voltage (1.363V)
has been observed at PHIBL 0.5 eV as shown in the graph.

Figure 10 shows the J-V and P-V plots of the proposed
solar cell. Here, the maximum power of 29.28434mW/cm2

has been observed.
Figure 11 shows the band diagram of the proposed solar

cell. This figure shows the difference between the conduction
and valence band as well as the difference between the Fermi
labels of the proposed solar cell’s front and back contacts.

6. Conclusion

To conclude, for the front contact of the solar cell, a
PHIBO of 1.6 eV, SNO and SPO of 1.0 × 107 cm/sec, and
reflection coefficient (RF) of 0.1 (10%) have been observed
as the optimum values which correspond to FTO with
high work function (5.45 eV). Also, for the back contact
of the solar cell, a PHIBL of 0.6 eV, SNL and SPL of
1.0 × 107 cm/sec, and reflection coefficient (RB) of 0.9
(90%) have been observed as the optimum values which
correspond to metal Zn (4.3 eV). With these front and
back contact parameters, the solar cell has the following
performance parameters: Voc 1.363V, Jsc 23.747mA/cm2,
FF 0.905, efficiency 29.275%, and maximum power
29.28434mW/cm2. By controlling the bandgap and band
state parameters, the efficiency can also be improved.
So, this kind of p-n homojunction Si solar cell with the
following proposed front contact (FTO) and back contact
(Zn) can be fabricated in the laboratory and can be
compared with the simulation result in the future.

Table 2: Surface recombination speed of AMPS.

Contact parameters Description

SNO (recombination speed of the electron of the front contact) Electrons at x= 0 interface (cm/sec)

SPO (recombination speed of the hole of the front contact) Hole at x= 0 interface (cm/sec)

SNL (recombination speed of the electron of the back contact) Electrons at x= L interface (cm/sec)

SPL (recombination speed of the hole of the front contact) Hole at x= L interface (cm/sec)

Table 3: Reflection coefficient for light impinging on the front and
back surfaces.

Contact parameters Description

RF Reflection coefficient at x= 0 (front surface)

RB Reflection coefficient at x= L (back surface)

Light

p-Si (6000 nm)

n-Si (6000 nm)

EBL (50 nm)

Zn

FTO

Figure 1: The proposed schematic diagram of p-n homojunction
solar cell with EBL.
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Table 4: Different layers of electronic properties used in the APMS simulation.

Electronic properties EBL p-Si n-Si

Relative permittivity, ɛr 11.9 11.9 11.9

Electron mobility, μn (cm
2/v-s) 40.0 20.0 20.0

Hole mobility, μp (cm
2/v-s) 4.0 2.0 2.0

Acceptor & donor concentration (cm−3) NA = 1.0× 1018 NA = 1.0× 1018 ND = 1.0× 1018

Bandgap (eV) 2.10 1.82 1.82

Effective density of states in the conduction band (cm−3) 2.5× 1020 2.5× 1020 2.5× 1020

Effective density of states in the valence band (cm−3) 2.5× 1020 2.5× 1020 2.5× 1020

Electron affinity (eV) 3.85 3.80 3.80

Table 5: Optimum values of the front and back contact parameters.

Front contact Back contact

PHIBO= 1.60 eV PHIBL= 0.50 eV

SNO=1.0× 107 cm/sec SNL= 1.0× 107 cm/sec

SPO= 1.0× 107 cm/sec SPL = 1.0× 107 cm/sec

RF = 0.10 RB= 0.90
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Figure 2: PHIBO versus efficiency plot of the proposed solar cell’s
front contact.
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Figure 3: PHIBO versus Voc plot of the proposed solar cell’s front
contact.
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Figure 4: PHIBO versus Jsc plot of the proposed solar cell’s front
contact.
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Figure 5: PHIBO versus fill factor plot of the proposed solar cell’s
front contact.
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Figure 6: PHIBL versus efficiency plot of the proposed solar cell’s
back contact.
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Figure 7: PHIBL versus Jsc plot of the proposed solar cell’s back
contact.
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Figure 8: PHIBL versus fill factor plot of the proposed solar cell’s
back contact.
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Figure 9: PHIBL versus Voc plot of the proposed solar cell’s back
contact.
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Figure 10: J-V and P-V plots of the proposed solar cell.
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Figure 11: Band diagram of the proposed solar cell.
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