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Solar cells (SCs) are the most prevalent and reliable energy
generation systems for aerospace applications. Distributed Bragg
reflectors (DBRs) trap the light passing through the solar cell, thereby
enhancing the power conversion efficiency (PCE) of the solar cells.
Therefore, precise design of these structures is of great importance.
In this study, 1D photonic crystals based on 2D materials of GaS and
GaSe are investigated using an optical characteristic matrix. The first
one-dimensional photonic crystal structure contains several layers of
two-dimensional materials gallium selenide and muscovite mica
[GaSe/Mica]™, and the second design contains several layers of two-
dimensional materials gallium sulfide with the second layer identical
to the first design [GaS/Mica]™. In the designed structures, by
increasing the thickness of the desired layers, the width of the
photonic band gap increases and the initial and final wavelengths of
the reflection window shift towards longer wavelengths. The
optimized optical parameters and analyzed reflection spectra indicate
a broader wavelength range for the two-dimensional material GaSe
compared to GaS. To investigate the role of the designed DBR
structures on the basic parameters of space solar cells, we have used
the single-diode solar cell model with radiation effects in AMO
conditions for LEO orbit in BOL and EOL modes. The results
obtained from this approach can be effectively utilized to improve
the performance of space solar cells.
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Fig. 1. Demonstrating key performance indicators (KPIs) for
space or ground-based photovoltaic systems and photonic tools
for their improvement [4].
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Fig. 2. Schematic representation of the space solar cell structure
with different layers and a one-dimensional photonic crystal as
a distributed Bragg reflector.
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Fig. 5. J-V characteristic curve of a space silicon thin film solar
cell with DBR layer for (top) GaSe (bottom) GaS and without it
in the radiations of the beginning and end of the LEO orbit
mission at irradiance of 1000 W/m"2 and temperature of 25
degrees Celsius.
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Table 1. The amplitude and width of the photonic band gap
(PBG) reflective region have been shown in different
thicknesses of the Bragg reflective layers of GaSe, GaS, in this
study[*] and also MgF2 [20].

d;(nm) | d,(nm) | PBG(nm) | ref
38 86 156
47 86 177
GaS %
56 86 194
66 86 206
38 86 255
47 86 285
GaSe *
56 86 307
66 86 325
35 75 144
50 75 193
MgF, [20]
65 75 237
75 75 256
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Table 2. Comparison of the results of the effect of space radiation
on the main parameters of a 5 pm thick silicon thin film space
solar cell with and without a GaS and GaSe Bragg reflector for
the beginning and end of the mission in LEO orbit.

LEO GaS DBR GaSe DBR Without DBR

BOL | EOL BOL | EOL | BOL EOL

w
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JseGm) | g . . . . .

0.64
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Fig. 6. P-V characteristic curve of a space-based thin film
silicon solar cell with a DBR layer for (top) GaSe, (bottom) GaS
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LEO orbit mission at an irradiation of 1000 W/m”2 and a
temperature of 25 degrees Celsius.
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