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Abstract—The solar cell structure is an important factor for 

realization of better efficiency of a solar cell in conversion of 

optical source in to electrical source. Using more efficient solar 

cell, the production cost of solar power can be minimized. 

Multi-junction Tandem Solar Cells are most effective in 

conversion of solar energy in to electrical energy. One triple 

junction III-V tandem solar cell is fabricated in virtual wafer 

fabrication lab (VWF) in this paper. Three numbers of 

multi-junction solar cells are designed and fabricated with the 

III-V materials and stacked on each other with the sequence of 

descending order of band gap energy and these three cells are 

inter connected with two tunnel diode. The mesh structure of this 

fabrication is done in auto-mesh mode which creates cylinders in 

mesh. The efficiency of this Triple Junction (T-J) solar cell is 

achieved 30.671% and the Fill Factor of this cell is derived 77%. 

Index Terms— Triple Junction (T-J), Virtual Wafer Fabrication 

(VWF), Photovoltaic (PV), Current- Voltage curve (I-V curve), 

Fill Factor (FF), Air Mass ratio (AM), Metal organic vapor phase 

epitaxial (MOVPE).  

I. INTRODUCTION 

Application of solar energy is growing rapidly in the field of 

renewable energy sources, for generation of electric power. 

The production of electricity from renewable sources is 

given great importance to avoid the threat of extinction of 

fossil fuels and control CO2 level in the environment. To 

convert the solar radiation in to electricity, Solar Photo 

Voltaic (PV) modules are used. The PV power generation 

can be expressed in watts per square meter. The solar 

radiation conversion efficiency is very poor; hence it is very 

important to develop models of PV modules. Today, these 

solar cells are widely used for powering satellites in space, 

and it is used for terrestrial applications through the use of 

photovoltaic concentrator systems [1] [2]. It is very 

important to decrease the PV power production cost, which 

can be made by increasing the efficiency of solar cell. 

Modern research in the area of photovoltaic technologies has 

lead to creation of a huge spectrum of solar cells, which are 

commonly classified as three generations, which differ 

from one another based on the material and the processing 

technology used to fabricate the solar cells. The material 

used to make the solar cell determines the basic properties of 

the solar cell, including the typical range of efficiencies.The 

multi-junction solar cells are very popular in terms of high 

efficiency, especially in space exploration mission.  
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Single solar cells can absorb only a small portion of the 

solar spectrum. To achieve a higher power density, solar 

cells with different I-V curves and bandgaps are stacked in 

order. The top cell has the highest band gap, while the 

bottom cell has the lowest. This way, a cell absorbs the 

photons with energy higher than the band gap and produces 

electric power [3]. At the same time, it allows the 

lower–energy photons to pass through it. This method is 

called spectrum separation.  In this paper one triple-junction 

solar cell as InAlGaP /InGaP/InAlGaP– InGaP/GaAs/ 

AlGaAs/GaAs - InGaP/GaAs/AlGaAs/GaAs with tunnel of 

GaAs/GaAs has been developed using VWF tool of Silvaco 

TCAD ATLAS and calibrated various solar photovoltaic 

physical parameters as JSC , VOC , JM , VM , FF and Efficiency 

are 117.236Amp/m2, 2.58Volt, 111.80Amp/m2, 2.10 Volts, 

77% and 30.25% respectively. The 2D cell structures are 

simulated in Silvaco ATLAS.  

II. SOLAR CELL MODELING 

Fabrication of multi-junction multi layer solar cell modeling 

using VWF tool of Silvaco TCAD is very similar to 

fabrication of multi layer individual solar cell [4]. In this 

process, individual solar cells are to be built up one by one 

with their characteristics and mechanically stacked on each 

other of multi-junction cells [5] [6]. The different fabrication 

techniques are MBE, MOCVD, MOVPE, LPE applicable in 

physical fabrication, differs the efficiency of the cell [7]. One 

triple-junctions solar cell [8] is developed with the different 

type of III-V compound materials [8]. In this cell three 

numbers individual cells are constructed along with a multi 

layer tunnel. The solar cell is made up of 

InAlGaP/InGaP/InAlGaP –InGaP/GaAs/AlGaAs/GaAs - 

InGaP/GaAs/AlGaAs/GaAs with tunnel of GaAs/GaAs. The 

Fill Factor, efficiency of this cell is calculated and 

performance characteristics are analyzed. In figure-1 and 2 

the structure of the cell with the material used is given region 

wise. In figure-3 and 4 the same structure of the cell is 

simulated in 2-D, in which the doping concentration is 

reflected region wise. In this fabrication the mesh generation 

is done as shown in the simulation of figure-3 and figure-4. 

The solar cell is constructed region wise with the different 

materials and their Permittivity (ε), Band gap energy Eg (eV) 

at 3000K, Lattice Constant (α) and the Affinity of the carrier in 

eV are considered in this fabrication of the cell in VWF 

Silvaco-Atlas TCAD are given in the table No-1.   
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III. DRIFT DIFFUSION MODEL 

The solar photovoltaic cell models discussed above are being 

integrated within the advance software Silvaco ATLAS. In 

this paper the 2D simulator tool is used, where a large data 

base of the semiconductor materials properties are 

incorporated. These mathematical models in ATLAS, set of 

fundamental equations are considered, which link together, 

the electrostatic potential and carrier densities within some 

simulator domain. These equations, which are solved inside 

the device simulator, derived from Maxwell’s law and consist 

of Poisson’s equation. [9]Poisson’s equation relates the 

electrostatic potential to the space charge density 

  ………………..                                   (1) 

where,  = electrostatic potential 

  = permittivity 

  = space charge density 

the electric field is obtained from the gradient of the potential: 

 ………………….…………..              

(2) 

Hence, the current equation governed by the Poisson’s 

equation of electrostatic potential is as: 

  ………............………         (3)         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

where, doping,   [1] 

The continuity equations for electron and holes are used for 

drift and diffusion models in this software. The conservation 

of charge for electrons is represented by the following 

equation: 

    ……………         (4) 

And similarly for holes the equation is: 

     …..………          (5) 

Where n and p are the electron and hole densities in per cubic 

cm,  and  are the electron and hole current densities,  

and  are the generation rates for electrons and holes,  

and  are the recombination rates for electrons and holes, 

and q is the magnitude of the electron charge. The electron 

current density we can write as 

 ………………       (6) 

And the hole current is  

             

………………………….(7) 

 

 

Fig-1: Solar cell Structure in ATLAS Fig-2: Region wise Solar cell Structure  

Fig-3: 2-D Structure with region wise material used in ATLAS  Fig-4: 2-D Structure with doping concentration in ATLAS  
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Here  and  are the electron and hole mobility 

respectively,  is the electrostatic potential  

As per Boltzmann statistics the diffusion coefficient 

correspondingly  

  ………….. (8)  and   

 ……………. (9)  and let,   

So the equation (8) & (9) can be rewritten as 

     ……………….. (8.1) and  

     …………………. (8.2) 

In Figure 5 the wave length versus intensity curve in air mass 

ratio of (AM1.5) is given, where as the dark current and the 

photo current curve is given in figure-6. 

IV. PERFORMANCE ANALYSIS OF MODELED 

SOLAR CELL 

The solar cell performance has been analyzed on the basis of 

received output from the Silvaco ATLAS software. The 

software solved the equation of electrostatic equation and the 

following parameters are received:  

The short circuit current density of the solar cell is  

 ampere per square meter and the 

open circuit voltage     

   …………………. (9) [4] 

where, n is the number of cell, is Boltzmann constant and 

T is the absolute temperature of cell,  is the load current and 

 is the saturation current of the cell. The open circuit voltage 

is   volts. The maximum voltage Vm and 

maximum current Im is defined as 2.10 Volts and 7.20 e-10 

Amps and the derived maximum current density Jm is 111.80 

ampere per square meter.  

The equation for I-V curve in the first quadrant is: 

  …………… (10) [4] [10] 

 The short circuit current (Isc) of the cell is   of the 

cell and the maximum Power 

Pm=  watt. 

The Fill Factor of solar cell, 

   = 0.77 or 77% …………….. (11) 

The efficiency of the cell =  

 =  % = 30.25% .. (12) 

Here we have considered the source of one solar sun with AM 

1.5 [11]. The I-V characteristics curve of this triple junction 

solar cell is drawn in figure-7, from this curve the short circuit 

current and open circuit voltage is achieved. In figure-8, the 

available photocurrent with respect to the anode voltage is 

shown. In the figure-9, the anode voltage versus short circuit 

current and in figure-10, anode current with respect to anode 

voltage is shown. The different optimized value of this triple 

junction solar cell is given in table-2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Wave Length Vs. Intensity in AM1.5  

Fig. 6: Dark Current and Photo Current 

(Cathode Current)  

Fig-7: Wave length Vs. Intensity in AM1.5  
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Table-1: Parameters used in Design 

Regions 

of the 

modeled 

Tandem 

cell 

Region 

wise 

Material  

Prmitti

vity (ε) 

of the 

materia

l 

Bandgap 

Energy of 

the 

material. 

 Eg (eV) 

at 3000 K 

Lattice 

constant α 

(Å) 

Affinity 

(eV) of 

the used 

material 

1 InAlGaP 11.7 2.3 5.5 4.2 

2 InGaP 11.6 1.9 5.65 4.16 

3 InGaP 11.6 1.9 5.65 4.16 

4 InAlGaP 11.7 2.3 5.65 4.2 

5 GaAs 13.1 1.42 5.65 4.07 

6 GaAs 13.1 1.42 5.65 4.07 

7 InGaP 11.6 1.9 5.65 4.16 

8 GaAs 13.1 1.42 5.65 4.07 

9 GaAs 13.1 1.42 5.65 4.07 

10 AlGaAs 11.0 1.8 5.64 4.1 

11 GaAs 13.1 1.42 5.65 4.07 

12 GaAs 13.1 1.42 5.65 4.07 

13 GaAs 13.1 1.42 5.65 4.07 

14 InGaP 11.6 1.9 5.65 4.16 

15 GaAs 13.1 1.42 5.65 4.07 

16 GaAs 13.1 1.42 5.65 4.07 

17 AlGaAs 11.0 1.8 5.64 4.1 

         18 GaAs 13.1 1.42 5.65 4.07 

          

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Table-2: Results of T-J solar cell of 

InAlGaP/InGaP/GaAs/AlGaAs 

 

Table-3: Comparison of DJ and modeled TJ Solar Cell 

V. CONCLUSION 

The virtual fabrication technique has been adopted and the 

structure has been fabricated with the auto-mesh and the 

electrical parameters are calculated on the basis of simulation 

results of this structure in the virtual wafer fabrication 

environment. The efficiency of the T-J solar cell is 30.671%, 

which is better than the double junction solar cell. The 

comparison of D-J solar cell and T-J solar cell is given in 

table-3. The efficiency of modeled T-J solar cell is not 

satisfactory as the targeted T-J solar cell efficiency is beyond 

40% since long back [1][8]. The efficiency of solar cell can be 

developed more with the modification of meshing and 

fabrication techniques.  

 

 

Structure of solar cell Efficiency 

AlGaAs/GaAs dual junction (DJ) 

solar cells                   [11] 

25% 

InGaP/GaAs dual junction (DJ) 

solar cell  

     [12] 

28.69% 

InAlGaP/InGaP/GaAS  

dual junction (TJ) solar cell 

                     [modeled] 

30.671 

The Parameters Derived value 

Jsc 117.236 Amp/m2 

Voc 2.58 Volts 

         Jmax 111.80 Amp/m2 

Vmax 2.10 volts 

Pmax 1.512 e-09 watt 

Size of cell 1.00μm x6.44μm 

Pinput 1solar in AM1.5 

FF 77% 

Efficiency(η) 30.67% 

Fig. 8: Wave Length Vs. Intensity in AM1.5  

Fig. 9: Wave Length Vs. Intensity in AM1.5  

Fig. 10: Wave Length Vs. Intensity in AM1.5  
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The antireflection coating and texturisation of the upper 

surface will increases the efficiency of the solar cell. The 

appropriate material choosing is another criterion for the 

better efficiency of a solar cell. The band gap energy should 

be sequential to get more efficiency for converting optical 

source in to electrical output. The tunnel diode is also a very 

important part, in connection of efficiency of the cell. Here we 

have use the GaAs material for tunneling.  
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