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Abstract

Using metalorganic chemical vapor deposition (MOCVD), molecular beam epitaxy (MBE) and pulse Laser deposition (PLD) 
techniques on GaN, Silicon, Silicon Carbide and sapphire substrates, high efficiency InGaN/GaN solar cells are reported with 
a particular emphasis on the work and achievements made with multi-junction tandem and Nanomaterials (Quantum well 
(QW), Multiple Quantum Wells (MQW), and Quantum Dots (QD)). An effective method for increasing photon absorption in 
ultrathin cells made for the best possible photovoltaic response is the InGaN/GaN QW system. To maximize light absorption, 
the quantum well and barrier thicknesses and number of wells in the MQW active region must be adjusted.
        
Keywords: Solar Cell; Photovoltaic; Quantum Well; Nanomaterials; Efficiency

Abbreviations: MOCVD: Metalorganic Chemical Vapor 
Deposition; MBE: Molecular Beam Epitaxy; PLD: Pulse Laser 
Deposition; QW: Quantum Well; MQW: Multiple Quantum 
Wells; QD: Quantum Dots; ISBTs: Intersubband Transitions. 

Introduction

The use of fossil fuels for transportation and industrial 
processes contributes to global warming. Wind turbines 
and photovoltaic solar cells are two examples of renewable 
energy sources that work well in windy or sunny regions. To 
speed up their evolutionary process, developing nations in 
particular must expand their terrestrial and spatial influence 
areas (space, desert, sea, mountains, etc.). These nations 
are investing more and more on research and development, 
which needs to be concentrated in a particular field based on 
their available financial and people resources. The multilayer 
construction of the third generation of solar cells allows 
them to theoretically achieve an energy conversion efficiency 
of about 86%, which is about three times higher than the 

31% theoretical value of one junction in currently available 
silicon-based commercial cells. Recent technological 
advances have led to an excessive amount of complicated 
structures and novel materials incorporating several systems 
and parameters that need to be studied. Group-III nitride 
elements are appealing because materials such as GaN or InN 
exhibit stability and robustness under harsh temperature 
and radiation regimes. The insertion of low-dimensional 
systems like quantum wells (QW), quantum wire wells 
(QWW), and quantum dots (QD) in the intrinsic region of a 
standard p-i-n photodiode has been made possible in the last 
few years by the mastering of Nanomaterials using different 
experimental techniques such as MOVPE, MOCVD, BEM, etc.. 
By introducing other carrier levels in solar cell band gap, 
this method creates an accessible energy band that allows 
photons with energy below the band gap to be absorbed. In 
conventional solar cells, this photon category—which makes 
up the most significant components of power loss in single 
band gap solar cells—would typically not be absorbed or 
lost as heat. In this sense, during the past few decades, we 
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have studied the effects of different profiles (rectangular, 
parabolic, and triangular) for single and multiple QW, 
accounting for the effects of heavy holes and impurities as 
well as the temperature stability of based devices [1-6].

Infrared (IR) photodetectors are an interesting topic 
because of their numerous existing and future uses in the 
industrial, scientific, and military domains. Innovative 
materials like (In,Ga)N ternary, in addition to conventional 
silicon material, may be a good option for getting additional 
refunds, even though production technology is still a 
complicated and costly alternative. Due to their exceptional 

photovoltaic characteristics, tunable band gap energies, and 
physical and chemical stabilities, (In,Ga)N alloys have lately 
become interesting materials [7-13]. In addition, because of 
the possibility of their applications in ultrafast optoelectronic 
parts like all optical switches for optical networking systems, 
near-infrared photodetectors, and quantum cascade lasers, 
intersubband transitions (ISBTs) in semiconductor quantum 
wells and their associated optical absorption have drawn 
attention from researchers in recent years [14,15]. The main 
parameter governing the optical absorption is the band gap 
energy of the ternary (In,Ga)N which depend nonlinearly on 
the In-content as reported on Figure 1. 

 

Figure 1: The band gap energy of (In,Ga)N structure (left) and P-i-N Multiple quantum wells based devices (Right).

The PV conversion efficiency of the multiple junction PV 
cells [16-19] and the tandem PV cells [20-22] are better than 

the one of the single-junction cells (Table 1). 

Number of Junctions
Optimum Band Gaps (eV)

Efficiencies (%)
Eg1 Eg2 Eg3 Eg4

1 1.31 - - - 31
2 0.98 1.88 -  42.7
3 0.83 1.45 2.26 - 49.1
4 0.73 1.23 1.78 2.56 53
∞ - - - - 69

∞ (w/conc.) - - - - 86.8

Table 1: The maximum (Ideal) theoretic efficiencies for solar cells with the number of junctions based on the thermodynamic 
approach [22]. 

Issues and Major Obstacles to High Nitrides 
Conversion Efficiency

To fully realize the promise of III-nitrides in high 
frequency radiofrequency and optoelectronic components, a 
number of obstacles must be addressed.
Lattice mismatch between InN and GaN: this effect induces 
nonradioactive recombination centers produced by impurity 
incorporation and morphological defects. However, carrier 
lifetimes are decreased by such centers in solar cells. 

High Indium Content in InGaN Ternary: This is necessary 
for an efficient conversion of lower energy photons; 
nevertheless, this necessitates a thick layer and decreases 
its light absorption. Additionally, the management of 
polarization will get more difficult when InGaN solar cells 
move toward larger Indium concentrations ( )30%≥  to 
increase the spectral sensitivity to longer wavelengths, 
which tends to the polarization-induced electric fields 
showing high threading dislocation (TD) densities in the 

8 10 210 10 cm−−  range. The conversion efficiency gets reduced 
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as a result. The photogenerated carriers recombine with 
the defect states before they reach the electrodes, resulting 
in low efficiency caused by the short diffusion length of the 
carriers caused by the high density defects. Phase separation 
in InGaN films is easily induced by Indium (In) rich clusters 
when the thickness and/or mole fraction of materials rise 
which results in poor fill factor (FF), higher recombination 
rate by defect states, and lower open-circuit voltages (VOC) 
relative to theoretical values, all of which reduce the short-
circuit current density (JSC) of InGaN-based PV devices.
Dielectric Mismatch: This effect induces a built in-electric 
field at the InGaN/GaN interfaces augmenting the threading 
dislocation density which reduces the PV conversion 
efficiency. 
Heteroepitaxy: Nowadays, it is still difficult to develop high 
quality InGaN epitaxial layers on GaN with thicknesses more 
than 100nm  and band gaps smaller than 2eV . 
Absorption: The near UV to far-infrared areas of the 

absorption spectra of InGaN material offers a strong 
promise for PV applications. Increasing the In-composition 
causes the absorbance of photons with low energies, which 
is advantageous for P-I-N-based SC. To get shine on such 
important parameter, we present in Figure 2 the obtained 
results for 0.2 0.8In Ga N GaN  QW in which three first 
low-lying states are implied (1S, 2S and 2P). The results 
are obtained using the numerical finite difference method 
to solve the Schrodinger equation coupling to Poisson 
equation taking into account of different parameters like, 
band gap narrowing, segregation, polarization and so…. 
It is clearly seen that the main intersubband transition is 
located at 6.08 mµ  while the second and the third are located 
respectively at 3.53 mµ  and 8.29 mµ . It is interesting that 
these values and their corresponding amplitudes can be 
controlled by adjusting internal and external parameters 
such as: In-content, thickness, temperature, pressure, and so 
on. 

 

Figure 2: The absorption spectra of polar and asymmetry 0.2 0.8In Ga N GaN  strained QW according to the photon energy at 
room temperature. 1S, 2S and 2P are respectively the first, second and third electron states in SQW.

In order to improve the PV conversion efficiency, MQWs 
are the promising candidate to overcome the Shockley-

Queisser limit. Table 2 illustrates the reported results 
concerning the MQWs-based solar cell. 
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Solar cell MQWs performance In content in InGaN External Efficiency

1x xIn Ga N GaN−

3%x = 50% [23]

12%x = 72% [24]

28%x = 69% [25]

14%x = 60% [26]

60%x = 20% [12]

Table 2: PV performance of 0.2 0.8In Ga N GaN  solar cell-based MQWs obtained on sapphire substrate under AM1.5G illumination.

Considerable advancements have been achieved in the 
fundamental comprehension and engineering techniques 
pertaining to InGaN-based solar cells. Fundamental 
understanding has grown in the areas of carrier dynamics 
at high temperatures, polarization effects, loss processes, 
and carrier transports. At the device level, techniques for 
fabricating devices and materials epitaxy were taken from 
the established InGaN LED technologies. InGaN-based non-
polar m-plane solar cells with quantum yields above 80% 
at 450 °C have been established as a result of these efforts; 
such a performance has never been observed on other 
solar cell material architectures. Even with these optimistic 
developments, more advancements in components, devices, 
and integrating strategies remain essential to surpass the 
PCE limit of the present generation of InGaN-based solar 
cells and enable their use in more practical contexts [23,24].

Conclusion and Perspective

Recent advancements in the area of photovoltaic cells 
based on III-nitride semiconductors have been covered in 
this piece of work. Because of their direct and adjustable 
band gap and great dependability, III-nitride semiconductors 
are an excellent choice for a wide range of electrical and 
optoelectronic applications, including high efficiency 
solar cells, brilliant LEDs, and laser diodes [25,26]. The 
functionality and dependability of the final device are 
impacted by a multitude of critical material qualities that are 
determined by the substrate selection. Integrating InGaN-
based solar cells, with currently available multijunction 
solar cells like Si, GaAs-based III-V and perovskites solar 
cells, is the best solution in order to get efficiencies greater 
than 50%. Nevertheless, when it comes to epitaxial growth, 
InGaN materials are incompatible with others like Si and 
GaAs. In order to generate electrically coupled InGaN/
III-V/Si multijunction solar cells, novel approaches to wafer 
adhesive and solar cell incorporation need be investigated. 
These developments will hasten the deployment of InGaN-
based solar cells in more practical settings. With the right 
polarization and band engineering, cautious device design, 
and modeling before manufacture, excellent performance 
and low cost solar cells can be achieved.
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