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Abstract—The paper presents the Analysis of Generation 

Solar Cell Design with Physics of Semiconductor. The 

research problem in this study is how to design a high-

performance solar cell with novel semiconductor compounds 

that are fabricated in the laboratory based on the physical 

parameters. The approach to solving the proposed research 

problem is based on experimental studies through theoretical 

research in recent works. The first one is to develop the 

effective structure for solar cell design and the other is to 

develop the energy band structure of III-V compound-based 

third-generation solar cell. The simulation analyses were 

carried out with the help of MATLAB language. There are 

many steps to designing high-performance semiconductor 

devices for real-world applications. The results confirm that 

the numerical analyses of these two developments could be 

supported to estimate the outcomes of experimental studies 

without using real equipment in the laboratory.   

 
Index Terms— Design, Semiconductor, Solar Cell, Third 

Generation 

I. INTRODUCTION 

quantum-well is one of the semiconductor 

nanostructures. In a quantum-well structure, a 

narrow band-gap material is sandwiched between 

wider band-gap materials. Quantum wells can 

make to improve the output power of light, recombination 

rate, carrier injection efficiency, and so on. There are two 

basic types of quantum well design for solar cell 

fabrication. They are (i) Type-I: the charge carriers are 

localized in the same layer (fast recombination), and (ii) 

Type-II: the charge carriers are localized in different layers 

(long-time recombination) [1-3]. 

As for recent solar cells in the research field, the energy 

conversion efficiency has been improved to approximately 

45 %, while the improvement in the light–electric energy 

conversion efficiency is only a few percent in the past ten 

years. Now the mainstream in research to improve the 

energy conversion efficiency is the optimization of 

stacking structures of three or four cells by allocating three 

or four light wavelength ranges to the respective cells. 

The performance comparison between GaN and Si had 

been done with the Optical Power. The Output Optical 

Power of GaN is higher than that of Si. The high-

performance solar cell could be utilized with GaN 

Materials instead of Si Material in reality. Figure.1. shows 

the Performance Comparison Results for GaN and Si [4-

6]. 

Some recent works regarding the Different hole 

transport layers (HTLs) have also been reported and 

selected to address the mismatching energy band 

alignment at the perovskite/HTL interface. 

The fundamental concepts of solar cells are learned by 

using the absorbing properties of the sunlight. The light 

can be reflected at the interface between the sun-facing 

surface of the solar cell device and the air or at the interface 

between the solar cell's layers. Thus, some of the incident 

light that contributes to the conversion efficiency of solar 

cells can be affected by this reflection. This is especially a 

problem for heterojunction devices [9-12]. 

The research objectives of this study are to focus on the 

novel solar cell structure for higher efficiency achievement 

and to analyze the physical parameters for designing and 

modeling the solar cell design. 

The paper is organized as follows. Section II presents 

the material and method for the proposed solar cell model. 

Section III mentions the implementation of the proposed 

solar cell structure. Section IV gives the theoretical results 

with numerical analyses. Section V concludes the 

outcomes of the research. 
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Fig. 1. Performance Comparison Results for GaN and Si 

 
Fig. 2. Illustrates the fundamental concepts 
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II. MATERIALS AND METHODS 

A. Solar Radiation and Basic Device Parameters  

The illumination is given in AMX (air mass X) where 

1
                                             (1)

cos
X


=  

and θ is the angle between the zenith and the position of 

the sun under terrestrial conditions. Air mass zero (AM0) 

is the solar irradiation above the earth's atmosphere. The 

accepted standard for AM0 is 135.3 mW/cm2 or 1.353 

kW/m2, which is known as the solar constant. Air mass one 

(AM1) is when the sun is directly overhead and about 70% 

of the sunlight incident on the earth's atmosphere reaches 

the earth's surface on a clear day. The rest is absorbed or 

backscattered. AM2 is when the sun is at 60° from the 

zenith. AM1.5 is when the sun is at 48.19° from the zenith 

[13-18]. 

B. Ideal Conversion Efficiency 

The current versus the bias voltage of a p-n junction 

in the presence of light illumination is the same as what 

we have derived for a photodiode, 
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C. p-n Junction Solar Cells and Spectral Response 

Fig. 3 shows the schematics of an n-on-p solar cell, 

where the solar light illumination is from the top surface 

with an antireflection coating to improve photon 

collection, and the electrode fingers are for current 

collection [19-20]. 

 
(a) Device Design for Solar Cell 

 
(b) Equivalent Circuit Model 

 

Fig. 3. Schematic Solar Cell Structure 

D. Generation Rate Model 

The generation rate of electron-hole pairs is 

proportional to the optical intensity profile in the device 
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where α(λ) is the absorption spectrum, Φ(λ) is the optical 

flux density for an incident optical power intensity ηi is the 

intrinsic quantum efficiency to account for the average 

number (100% maximum) of electron-hole pairs generated 

per incident photon. 

III. IMPLEMENTATION 

A. Harmonic Oscillator Potential and Wavefunctions 

The Schrodinger equation is an outstanding 

mathematical model for analyzing the harmonic oscillator.  
22
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Where 

n=wavefunctions  

m is the vibrating mass 

ω is the natural vibration frequency related to the spring 

stiffness constant C 
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B. Group and Phase Velocity 

The phase velocity is vph = ω/k = 17.674m/s, while the 

envelope moves with vG = dω/dk = 0.833m/s.  
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where 

y1=Phase Velocity 

y2=Group Velocity 

 

C. Oscillator Chain Model 

The model in this section is the oscillator chain model 

for quantum well structure. Equation (12) to Equation (14) 

could be utilized to analyze the oscillation with different 

time steps in Fig. 9. If the time steps are changing from the 

initial point to the final point, the chain of oscillation could 

be observed from the half cycles of the sinusoidal signal 

because of the variation of the well width and different 

wavefunctions in reality. 
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for the ith atom located at 

  0 i N                    (13)
i

x ia for=    

in the pth vibrational mode with Kp given by 

1                                 (14)A A=  

 

D. Phonon Velocity Vs Temperature (Debye T3 Law) 

The important consideration for phonon velocity 

concerning temperature could be analyzed by using the 

Debye T3 Law. 
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The low-temperature expression for the heat capacity of 

the solid can be obtained by taking d/dT of UlowT , to get 
34 3
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The evaluation of the general form of U has to be done 

numerically and the results with its low and high-

temperature behaviors. Notice how well the Debye T3 law 

describes the low-temperature behavior of CV. 

 

E. I-V Characteristics of 3rd Generation Solar Cell 

(Mathematical Model) 

The VI characteristics of third-generation solar cells 

with mathematical models could be utilized as follows: 
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F. Fill Factor Analysis for Solar Cell 

The ratio between the product of current and voltage 

at the maximum power point to the product of short circuit 

current and open circuit voltage of the solar cell. 

  (20)m

sc oc

P
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The fill factor of the solar cell could be observed at the 

intersection between open circuit voltage and short circuit 

current during the absorption of the solar ray in the 

application. 

III. RESULTS AND DISCUSSIONS 

 

A. Depletion Width Estimation in Conventional Solar 

Cell Structure to High-Performance Solar Cell 

Design with Physical Parameters 

1. Spectral Irradiance vs. hv 

The solar radiation spectrum for various conditions. 

Air mass zero (AMO) is the solar irradiation above the 

earth's atmosphere (= 135.3 mW/cm2, also known as solar 

constant) [21],[22]. It follows close to the black body 

radiation of a 5800K source from the sun's surface. The 

dataset comes from the National Renewable Energy 

Laboratory – NREL. 

 
Fig. 4. Result of Spectral Irradiance Vs hv 

2. Generation Rate of Electron-Hole Pairs 

The generation rate of electron-hole pairs is a function 

of the optical penetration distance into the semiconductor 

p-n junction. 

 
Fig. 5. Result of Generation of Electron-Hole Pairs 

3. Results of Depletion Width Calculation 

The depletion width depends on the acceptor and 

donor concentration. If the carrier concentration and 

applied voltage are increased, the depletion width could be 

narrow. 

 
Fig. 6. Depletion Width Calculation Results 
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Based on the dataset from the National Renewable Energy 

Laboratory – NREL, the spectral irradiance could be 

observed for targeting the efficiency. According to the 

physics of solar cells, the p-n junction solar cells and 

spectral response show the generation rate for electron and 

hole pairs in the solar cells. The generation rate could 

decay after increasing the optical penetration distance into 

the p-n junction. The energy band diagram is the critical 

observation between p-n junction solar cells. The 

observation from the energy band diagram and the quasi-

Fermi levels for a small forward bias voltage could extend 

the quantum well structure for high-performance 

conditions. 

 

B. Harmonic Oscillator Potential and Wavefunctions 

 Fig. 7 illustrates the Harmonic Oscillator Potential and 

Wavefunctions. The number of wavefunctions depends on 

the oscillation in the quantum well structure. 

 
Fig. 7. Harmonic Oscillator Potential and Wavefunctions 

Vibrations in crystals are quantized and are known as 

phonons. Whereas a photon is a quantum of light, a phonon 

is a quantized crystal vibration. The first four 

wavefunctions along with their associated energy levels 

were observed to understand the phonon in a crystal. Two 

waves y1(x, t) and y2(x, t) are superimposed to obtain the 

resulting wave yt (x, t). The parameters used for the waves 

are A = 1, ω1 = 51.0Hz, k1 = 3.0 m-1, ω2 = 50.8Hz, k2 = 

2.76 m-1, with phase velocities vph1 = ω1/k1 = 17.0m/s, vph2 

= ω2/k2 = 18.406m/s. The resulting wave has ω = 50.9Hz, 

k = 2.88 m-1, dω = 0.1Hz = δω, and dk = 0.12 m-1 = δk. 

 
Fig. 8. Results of Group and Phase Velocity 

 

Fig. 8 shows the Results of Group and Phase Velocity. 

 
Fig. 9. Oscillation Result for Specific Time Step (Final) 

 

Factors Affecting the limiting efficiency are very 

important to model the physical structure of solar cell 

design. The homojunction and heterojunction structures 

are not appropriate for third-generation solar cells. 

Quantum Well Structure is suitable for designing and 

modeling the High-performance Solar Cell Structure. The 

Harmonic Oscillator Potential and Wavefunctions directly 

affected to design of the high-performance solar cell. 

Figure 10 shows the Results of Phonon Velocity vs. 

temperature. 

 
Fig. 10. Results of Phonon Velocity Vs Temperature 

 

C. Energy Band Diagram of Quantum Well Solar Cell 

Design 

The energy band diagram of the proposed quantum well 

solar cell could be observed with different thicknesses of 

materials. The respective band structure for different layers 

could be found in the energy band gap. The energy band 

diagram of the proposed quantum well solar cell is the 

measurement results of the energy efficiency such as 

internal and external performance. 
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Fig. 11. Energy Band Diagram of Quantum Well Solar 

Cell Design 

D. J-V Characteristics of 3rd Generation Solar Cells with 

Different Thickness 

As the same optoelectronics properties have been used 

to simulate the diffusion constant, mobility, and surface 

recombination velocity for both electron and hole, so the 

same results have been achieved for both conditions. 

However, the variation of efficiencies is due to the 

intensity of incident irradiance and the input power of 3rd 

Generation Solar Cells. The theoretical efficiencies of 

different values of thickness conditions have been 

simulated as 46% and above under one sun condition. 

 
Fig.12. J-V Characteristics of 3rd Generation Solar Cells 

with Different Thickness 

 

E. I-V Characteristics of 3rd Generation Solar Cell 

For reverse bias greater than a few kT/q, a few tenths 

of a volt at room temperature, the exponential voltage term 

in the idea solar cell equation becomes negligible and I➔-

I0. According to the ideal solar cell theory, this saturation 

current would be observed for reverse voltages of 

unlimited magnitude. For forward biasing greater than a 

few kT/q, the exponential term dominates, and 

I➔I0=exp(qVA/kT). If the ratio of I/I0 is increased, the 

value of VA could be increased instantly. 

 
Fig. 13. I-V Characteristics of 3rd Generation Solar Cell 

 

The fill factor corresponds to the efficiency of the solar cell 

and it is considered that the radiation power on the earth is 

about 1000 watts/square meter hence if the exposed 

surface area of the cell is A then the total radiation power 

on the cell will be 1000 watts. 

 
Fig. 14. Fill Factor Results for Solar Cell 

 

IV. CONCLUSION 
We use Gallium atoms equidistantly displaced from 

each other by the lattice constant a. We take the initial 

distribution as yA*sin[j*pi/L], where L=N*a is the initial 

distribution of particles. Use M=1.05e-25kg for the mass 

of a Gallium atom, and simulate for a short time enough to 

determine the oscillation period from which ω can be 

determined. The number of orbitals per energy versus 

energy as the product of the 3-Dim dos times the Fermi-

Dirac distribution function is plotted versus energy. The 

evaluation of the general form of U has to be done 

numerically and the results with its low and high-

temperature behaviors. Notice how well the Debye T3 law 

describes the low-temperature behavior of CV. According 

to the physics of solar cell design, the Quantum Well 

structure is a very efficient design for modeling the high-

performance solar cell. The important consideration for 

matching in the Single Quantum Well Energy Band could 

be analyzed with various wavefunctions (n=1,2, and 3). 

Single quantum well solar cells will be analyzed based on 

the various conditions to meet the high-performance 

results based on the physical parameters. Quantum well 

solar cells have been analyzed based on the various 

conditions to meet the high-performance results based on 
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the physical parameters. The energy efficiency for 

designing quantum well solar cells could be observed 

based on the energy band diagram and energy band 

structure design for the specific measurement. 
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