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Abstract

Mechanically stacked AlyGa,.xAs/InP/Ge MJSC' sensitivity to SI and temperature variations
was simulated. MATLAB code was using to the system received and spectra transmitting of
separately z-matrix, while PC1D code modelled the energy generation. Multiplying the
AM1.5d spectrum by values of SIMF (1- 200 suns) yielded the ISR on the foremost z-matrix.
Temperatures of 25- 100 °C were used in each simulation run. In contrast to the stochastic
response of the SCEs brought about by the SIMF changes, the simulation findings show that
the V¢ and efficiency of the SCs behave linearly changes in temperature. The results of the
simulations also show that the optimal performance is achieved with an irradiance spectrum

exposure of 100 suns and a functional temperature of 25 °C.

Keywords: MJSC (Multijunction solar cell), AM1.5d spectrum, MATLAB, SIFM, PC1D, SI

(spectral irradiance).

1. Introduction

Formerly two decades, researchers have made major progress in the study of SCs and PVCs.
There has been a lot of study into silicon-based, CIGS-based, and III-V-based materials with
the ultimate objective of developing a HESCs. Many sources have brought consideration to
the worldwide effort to perfect a solar cell that will provide reliable, long-term power. Here,
the grouping of III-V based SCs materials including GIP, AGA, IP, and GA in MJSCs and
exposure to several hundred multiplications of SRs, the GIP/GA/GIAP/GIA system had an
efficiency rate of 46% at 508 suns [1]. Improvements in SCs technology include a six-
junction cell, LSCs, and a straight up architecture of epitaxial heterostructure [2]. High-
efficiency MJSC tests have primarily been conducted on a prototype's size, and their

commercial and industrial implementation is still in the future. It is crucial to model and
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simulate MJSC in a variety of settings. The p-n junctions of the semiconducting layers (or z-
matrixs) in a MJSCs are arranged in descending order of bandgap energy. The foremost layer
absorbs SRs in the short-wavelength region due to its high bandgap energy, whereas the
subsequent layers do so in the longer-wavelength range [3]. Adding more z-matrixs to a solar
cell should, in theory, boost its efficiency. MJSCs can be made in two distinct ways:
monolithically integrated or mechanically stacked. The matching of electric current and
lattice, and tunnel junction between z-matrixs of MJSC are the limiting factors in MJSC
efficiency. All of these problems disappear when mechanically stacked MJSC are subjected to

z-matrix-specific load regulation. A see-through middle ground between

-

Wavelength (nm) Wavelength (nm)

Figure 1. Absorption ranges of individual z-matrixs as well as the incoming AM1.5d spectra

for (a) SIMF 1 (one sun) and (b) SIMF 200 (more than two hundred suns).

optical losses in mechanically stacked MJSC can be minimised by placing a conductive layer
like ITO between two adjacent z-matrixs [4, 5]. Neither experimental nor computational
studies of MJSCs efficiency have examined the AlyGa; As/InP/Ge SCs under temperature
and intense radiation. In this study, PCID is used to model the behaviour of Al,Ga,.
xAs/InP/Ge MIJSCs subject to varying temperatures and irradiance spectra (produced by
concentrators). The author is unaware of any attempts to model the effects of MJSC using the
PCI1D software. This research could pave the way to a solar cell that is reliable, long-lasting,

and highly effective [6].
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Figure 2. AlyGa;xAs/InP/Ge multijunction solar cell (a) efficiency as a function of

temperature. What happens to the open-circuit voltage of (b) AlyGa;«As, (c) InP, and (d) Ge

2. Method

when the temperature changes.

The three phases involved in this investigation include preparing the incoming spectrum,

conniving the a(4) and transmitted radiation, and modelling power generation [7]. The

incidence SI on the first z-matrix was computed for 5 to 200 suns using the AM1.5d direct
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solar spectrum (ASTM G173-03) for one sun's radiation. To rebuild the smoothed AM1.5d
SI, the constant b(4) was computed using a blackbody radiation formula. Using the PC1D
software, we were able to determine the thickness of the nth cell, and then multiply that value
by the total incoming radiation [8]. The electrical efficiency of the MJSC was simulated by
measuring the Isc, Ve, P,, and the Py. The spectrum irradiance, or wavelength dependence,

of blackbody radiation at the earth's surface (earthly) is given as follows [9-12].

2

2mhc? AkgT (rsun)

LA T) = —5—exp [hcb(/l) R

where 15, represents the radius of sun, R represents the distance between the sun's centre and
Earth's surface, h represents the Planck constant, and kg represents the Boltzmann constant
[13]. The value of b(A) is obtained by integrating the full spectrum using a trapezoid
approach and fixing the intensity to 990 W/m?. This allows us to restructure the smoothed

AM1.5d spectrum through interpolation [14-16].

The a (1) of each z-matrix was calculated using Equation (2) following the reference:

a(1) =55 /E(/l) —E, + 1.5JE(A) —(E;+0.1) um™*

where E (1) is the energy of an incident photon of that wavelength, E, is the bandgap energy

of the consistent z-matrix, and a(A) is the absorption coefficient as a function of wavelength

[17].

Intensity transmitted to z-matrix I, .4 1s a function of solar energy received in z-matrix I,,, z-

matrix d,, thickness, and z-matrix a,,(1) absorption coefficient, I,, (1) as shown below

In(/l) = In—l(/l) exp[_an(/l)dn]

n = 1, 2, 3, for triple junction solar cell [18].

where [ is the SI entering the first z-matrix, /; the SI entering the second, and I, the SI

entering the third [19]. The PC1D software was used to determine the thickness of the
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nt" cell, denoted by the symbol d,, [20]. Depending on the number of junctions involved, it
may be necessary to conduct a large number of simulations in order to overcome the

program's limits [21].
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Figure 3. Multiplication of spectrum irradiance and its impact on (a) solar cell overall

efficiency and (b) SCEs deterioration rate.

The following equation is then used to get the total amount of incoming radiation after

multiplication [22].

Ly = Iy X SIMF

where I, is the spectrum irradiance after being multiplied by a factor of SIMF that was
varied between 1 to 200 suns [23-25]. Here, simulated the electrical efficiency of the MJSC
by measuring its short circuit current (Ig.), open circuit voltage (V, ), output power (B,), and
total efficiency () for each set of simulations [26]. The following equation is then used to get
the overall efficiency of the mechanically stacked MJSC.

P+ P+ Py

The MIJSC can play out two hypothetical situations: with and without symmetry, the current

through each z-matrix is balanced out, and a nonidentical electric current model optimizes
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output power in each z-matrix and overall efficiency [27]. The current, nonidentical model is
expected to achieve efficiency of greater than 70%, compared to the MJSC's previous
efficiency of 45%. This modelling can be seen as a toy model due to simplifications and
idealizations, and issues such as hotspot formation, current mismatch across z-matrixs, and an

increase in resistive losses are not taken into account [28].

Table 1 The efficiency enhancement at various temperatures and SIMF’s ranges.

Efficiency improvement within Gains in productivity (%) within
Temperature (°C)
SIMF's range of 1 to 100 suns (%). the 100-200-sun range of SIMF.
25 19.01 -2.15
50 20.20 —-6.40
75 21.60 —-5.00
100 30.57 —-6.30

3. Results and Discussions

Using Egs. (1) and (3), we determined the MJSC's maximum SI and intensity. Solar
concentrators increase the temperature and improve the light absorption of MJSC solar cells
[17, 24]. The MJSC's overall efficiency rose nonlinearly with increasing SIMF, reaching a
maximum at around 100 SI before gradually declining to a condition of saturation [1-4].
SCEs decreases from -0.13%/°C to -0.07%/°C when the SIMF grows from 1 to 100 suns, and
then increases to -0.10%/°C at 200 suns, mirroring the stochastic response of MJSC to
change in SIMF [23]. The figure displays the current-voltage (I-V) characteristic of each z-
matrix at 25°C and 75°C, and for SIMFs of 50 to 200 suns [25]. Using Egs. (1) and (3), we

determined the MJSC's maximum SI and intensity.

Solar concentrators increase the temperature and improve the light absorption of MJSC solar
cells [6, 17]. The MJSC's overall efficiency rose nonlinearly with increasing SIMF, reaching
a maximum at around 100 SI before gradually declining to a condition of saturation. SCEs
decreases from -0.13%/°C to -0.07%/°C when the SIMF grows from 1 to 100 suns, and then
increases to -0.10%/°C at 200 suns, mirroring the stochastic response of MJSC to change in
SIMF [18]. The figure displays the current-voltage characteristic of each z-matrix at 25°C
and 75°C, and for SIMFs of 50 to 200 suns. Using Egs. (1) and (3), we determined the
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MIJSC's maximum SI and intensity. Solar concentrators increase the temperature and improve

the light absorption of MJSC solar cells [20].

The MIJSC's overall efficiency rose nonlinearly with increasing SIMF, reaching a maximum
at around 100 SI before gradually declining to a condition of saturation. SCEs decreases from
-0.13%/°C to -0.07%/°C when the SIMF grows from 1 to 100 suns, and then increases to -
0.10%/°C at 200 suns, mirroring the stochastic response of MJSC to change in SIMF [25].
The figure displays the current-voltage characteristic of each z-matrix at 25°C and 75°C, and
for SIMFs of 50 to 200 suns. Using Egs. (1) and (3), we determined the MJSC's maximum SI
and intensity. Solar concentrators raise the temperature and improve the light absorption of
MJSC solar cells [26]. The MJSC's overall efficiency rose nonlinearly with increasing SIMF,
reaching a maximum at from place to place 100 SI before gradually declining to a condition

of saturation.

SCEs decreases from -0.13%/°C to -0.07%/°C when the SIMF grows from 1 to 100 suns, and
then increases to -0.10%/°C at 200 suns, mirroring the stochastic response of MJSC to
change in SIMF. The figure displays the current-voltage characteristic of each z-matrix at

25°C and 75°C, and for SIMFs of 50 to 200 suns.
4. Summary

Comparing our modelled performance of AliGa;.<As/InP/Ge MIJISCs to that of previous
(experimental and simulated) I11-V-based MJSC research, we found good agreement. The P,
and V. of MJSC decrease (in a linear fashion) with increasing temperature, whereas the
SIMF increases (in a logarithmic fashion). The one-diode model approximates SIMF, which
1s consistent with V. stochastic behaviour and with high efficiency overall. Reproducing the
incoming spectrum light has a cooling effect on the z-matrix level. MJSC composed of
AlGa;4As/InP/Ge lit at 100 suns and 25°C have the highest efficiency based on substantial

parameter expectations that may be beneficial compared to experimental results.
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