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Abstract: Modeling involves realizing the mathematical model and extracting the parameters of a
quadruple junction solar cell (which have obtained highest efficiencies according to the 2016 NREL
efficiency data) like series and parallel resistances, ideality factor (ηi) etc using Genetic algorithm
and modeling of the same in the MATLAB/SIMULINK environment using the different single
junction solar cell models available and determining the efficiencies of each of the subcells. In this
paper a four junction cell made of AlGaInP-GaAs-GaInAs-Ge which constitute the subcells of the
Quad cell in the descending order of their bandgaps respectively, are modeled in Simulink
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1. Introduction: PV generation is the technology which directly converts available solar energy into
electrical energy by causing very less harm to the environment. The photovoltaic system consists of a
group of solar cells connected in series and parallel. For analyzing the characteristics of solar cells,
the best way is to realize the electrical equivalent circuit [1] and model using simulation software’s
available. It helps in predicting the behavior under different8 environmental conditions, and further
in obtaining required characteristic curves in this case I-V and P-V curves of the solar cell. The
common approach is to utilize the electrical equivalent circuit, which is primarily based on a light
generated current source connected in parallel to a p-n junction diode. Many models (such as single
diode, double diode and triple diode model) [2, 3] have been proposed for the simulation of a solar
cell or for a complete photovoltaic (PV) system at various solar intensities and temperature
conditions. The key factor that affects the results of the simulation is the accuracy in representing the
nonlinear characteristics of the PV system.
There are different methods available for extracting the cell parameters, which include Differential
Evolution (DE), Genetic algorithm (GA), Particle Swam Optimization (PSO), and Hybrid GA-PSO.
The process used in this case for extracting the parameters of the cell is genetic algorithm. Genetic
algorithm is a search process that mimics the process of natural selection. The idea with GA is to use
this power of evolution to solve optimization problems. A genetic representation of solution to the
problem, A way to create an initial population of solutions, An evaluation function rating solutions
in terms of their fitness, Genetic operators that alter the genetic composition of children during
reproduction; Value for the parameters of genetic algorithms. The genetic algorithm maintains a
population of individual for generation. Each individual represents a potential solution to the
problem. Each individual is evaluated to give some measure of its fitness. Some individuals undergo
stochastic transformations by means of genetic operations to form the new individuals. After several
generations, the algorithm converges to the best individual which hopefully represents an optimal or
suboptimal solution to the problem.
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Figure (1): Quadruple junction cell depicting junction material and their bandgaps.
2. Theoretical Modeling:
Basic model [5] which describes the working of a simple solar cell is governed by the equations (1
and 2) [6, 7]. Theoretical modeling consists of realizing the model of the cell and the governing
equations which accurately describe the working of the cell in the whole region (i.e. the two extreme
conditions which are short circuit and the open circuit conditions).
….….. (1)
.……. (2)
where, Iph is the photo current, Is is the diode’s saturation current, Vd is the diode voltage, q is the
charge of an electron, 1.602×10-19, Tc is temperature in Kelvin, k is Boltzmann’s constant,
1.381×10-23, ηi is diode ideality constant/factor.

Figure (2): Practical model of cell.
In this case, a four junction is considered as series stacking of four single junction cells having
different bandgaps in descending order while moving from top to bottom. Hence each block would
be similar to a single junction cell in modeling.
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The parameters used in the modeling would take into account the difference in bandgaps and the
losses occurring which are represented by the shunt and series resistances and the changes occurring
in the parameters due to change in temperature is also taken into account.
3. Parameter extraction:
Evaluation of parameters using Genetic algorithm [8] in Matlab involves creating a multi-objective
fitness function that intend to estimate the best possible design parameter identification to fit the V-I
curve. Based on the fitness values the parent individuals (solution obtained in previous iterations)
with highest fitness are used for next iteration, which helps in obtaining the best results. Short circuit
current values which are defined for a material are also described in the table. Table (1) gives the
values of different parameters obtained after executing the genetic algorithm.
Table (1): Values of parameters extracted of each sub cell.
Parameter

AlGaInP

GaAs

GaInAs

Ge

Eg (eV)

1.9

1.4

1.1

0.7

Jsc

(mA/cm2)

12.3

12.0

12.0

12.4

Jrs

(A/cm2)

5.5×10-29

1.6×10-20

2.0×10-14

3.1×10-7

96.6

86.6

50.9

55.7

Rp (GΩ)
Rs (Ω)

0.019
2

4

0.014
-7

1.57×10

0.013
-6

1.288×10

0.017
-6

1.05×10-5

Ki (A/cm K )

1.86×10

α (10-4)

7.5

5.9

5.405

4.774

8β (ᵒC)

500

357

205

235

4. Modeling in MATLAB/SIMULINK:
Each junction of the cell is modeled separately but the model is derived from single junction cell and
as the current through each sub cell is same and voltage of the multijunction [9] cell is more as
compared to the single junction cell, considering these conditions each of the cells are considered to
be connected in series [9 – 11] and the net voltage is equal to the sum of the individual cells.

Figure (3): Simulink model of single junction solar cell
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Figure (3a): model of Irs (saturation current) inside the subsystem of figure 3.

Figure (3b): Model of Id (diode current) inside the subsystem of figure 3.

Figure (3c): Model of I0 (cell current) inside the subsystem of figure 3.
The junction between the cells known as tunnel junction [13] can be treated to be short circuit as
from the characteristics of tunnel junction as long as it is operated in active region the voltage drop
across it is very negligible and can be treated as zero hence short circuit in this case.
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Figure (4): Block model of Quadruple junction cell where block represents a subsystem.
5. Results and discussion:
Model of the Quadruple junction solar cell was used to obtain the current-voltage (I-V) and powervoltage (P-V) characteristics. These curves have previously been obtained but through actual cell
simulation. Hence the results obtained in this case were compared with the results obtained through
actual cell results [15] and found to be in good approximation to the values obtained. I-V and P-V
curves obtained are shown in Figure (5 and 6).
The short circuit current is about 12 mAmp and open circuit voltage is about 4.3 V and the
maximum current and voltage correspond to about 12.2 mA and 6.09 V. The maximum power
obtained is about 61.35 mW for single sun and the output power increases to about 1 Watt at around
508 suns concentration of the AM1.5d spectrum as obtained by F Dimroth [15].
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Figure (5): I-V characteristics of quad cell.

Figure (6): P-V characteristics of quad cell.
Efficiencies of each of the subcells are also obtained which are as shown in the figure bellow. It can
be said from the results that the top subcell has the highest efficiency among all since it gets
illuminated from a wide range of wavelength falling on the surface and the remaining subcells are
illuminated from the part of radiation which gets transmitted from the above subcell. Hence the
efficiency of the subcells is in decreasing order.
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Figure (7): Efficiency of the subcells of the Quadjunction solar cell.
6. Conclusions:
To meet the exponential rise in energy demands, solar energy is considered as the low cost and
efficient source of energy; hence the performance parameters play an important role in designing the
cell for better usage. A simulation analysis shows that efficiency of the Quadjunction cell obtained is
approximately 45.5 percent which is slightly less than that of the experimental results obtained by F.
Dimroth et al. due the approximations used for some of properties the blocks in the simulation
diagram. The results reveal good approximation to the experimental results obtained by F. Dimroth
et al. In future, for better results double diode or triple diode models along with the model of tunnel
junction model can be used for a wider range of simulation which is considered to be the best
approximated solar cell model but the parameter to be extracted increases and time for iteration also
increases.
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