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Introduction: 

As the world is shifting towards renewable resources, and solar energy is one of the finest sources. 

Renewable resources are essential for obtaining sustainable development for growth of society. Solar 

energy is affordable and abundant renewable resource. It uses sun’s power to generate electricity through 

photovoltaic cells or solar thermal systems. 

Photovoltaic (PV) Cells: 

Photovoltaic cells are the building blocks of solar panels. It is a device that converts solar energy into 

electrical energy through the photovoltaic effect. When electrons hit the cell, it excites electrons, exciting 

electric currents. This device is made up of semiconductor materials that can be organic and inorganic. 

 

Types of Photovoltaic Cells: 

• Monocrystalline Silicon Cells 

• Polycrystalline Silicon Cells 

• Thin-Film Solar Cells 

• Perovskite Solar Cells 

• Organic Photovoltaic (OPV) Cells  

 

Organic Solar Cells: 

Organic Solar Cells or Organic Photovoltaic cells (OPVs) are a type of solar cells that uses organic 

materials for converting solar energy to electric energy. Organic materials include carbon compounds, 

polymers etc. 

 

Polyaniline (PANI): 

Sustainable energy sources are becoming more and more popular worldwide, which has raised interest in 

renewable technologies like solar energy conversion. A lightweight, flexible, and possibly affordable 

substitute for conventional silicon-based solar cells is organic photovoltaic, or OPPs. Of the different 

materials Polyaniline stands out among the examined compounds because of its special blend of stability, 

electrical conductivity, and manufacturing simplicity. It is an organic polymer that conducts electricity 

and has numerous uses. 

 



 

 

Advantages and Challenges 

Advantages of OPVs (like PANI-based ones): 

• Lightweight and flexible 

• Low cost production 

• Less energy used in manufacturing 

Challenges: 

• Lower efficiency as compared to silicon based OPV 

• Not stable 

• Mass production is difficult 

• High purity of organic material is challenging  

Semiconductor Device Simulation using Silvaco TCAD (NanoHub) 

Objective 

The main goal of this project is to design, simulate, and analyze semiconductor devices using the 
Silvaco TCAD toolset on the NanoHub platform. The work focuses on two devices: 
1. Diode 
2. Two-Junction PN Structure (PNPN device) 
 
The simulations were executed in DeckBuild using the 'go victory device' command, and the results 
were observed in Visual through plots of current–voltage (I–V) characteristics. 

 

Tools and Platform 

- Platform: NanoHub.org 
- Software Used: Silvaco TCAD 
- Modules: 
  - DeckBuild – for creating and running .in files 
  - Victory Device – for physical device simulation 
  - Visual – for viewing structures and electrical characteristics 
- Command Used: 
  go victory device 
- File Type: .in (input deck files) 

 

Device 1 –  Diode 



 

Theoretical Background 

A diode is a two-terminal semiconductor device formed by joining P-type and N-type regions. When 
forward biased, charge carriers diffuse across the junction, resulting in current flow. In reverse 
bias, the depletion region widens, preventing current flow except for a small leakage current. The 
ideal diode equation is: 
 
I = I₀ (exp(qV/kT) - 1) 
 
where I₀ is saturation current, q is electron charge, V is applied voltage, k is Boltzmann constant, 
and T is absolute temperature. 

 

Simulation Steps 

1. Open DeckBuild in NanoHub and write the input code. 
2. Begin with: go victory device 
3. Define material as silicon. 
4. Create regions for P and N doping. 
5. Set doping concentrations and mesh grid. 
6. Define electrical contacts. 
7. Perform bias sweep analysis to extract I–V characteristics. 
8. Visualize the results using Visual. 

 

 

 

 

 

 

 

 

 

 

 



 

 

Silvaco Tcad Simulations: 

 
1) Photodiode 

 
 



 

 

 



 

 



 

 

 



 

 



 

 

 
 
 



 

2) Normal Diode: 

 



 

 

 



 

 
3) GaAs Cell 



 

 

 



 

 
 

 

Improved GaAs cell 

# (c) Silvaco Inc., 2019 
go atlas  
# 



 

mesh auto 
 
# 
x.m loc=0.0 s=0.25 
x.m loc=1.0 s=0.25 
 
#y.m loc=0.00 s=0.25 
#y.m loc=3.1 s=0.25 
# 
#1 cap layer 
region material=AlInP bot thick=0.05 ny=10 donors=1e19 x.comp=0.51 
region material=GaAs bot thick=0.100 ny=20 donors=2e18 
region material=GaAs bot thick=3.000 ny=100 acceptor=1e17 
region material=InGaP bot thick=0.100 ny=20 acceptor=2e18 x.comp=0.495 
region material=GaAs bot thick=0.300 ny=100 acceptor=7e18 
region material=GaAs bot thick=300.000 ny=100 acceptor=1e19 
 
# Electrodes on top and bottom 
# 
electrode name=anode   bottom 
electrode name=cathode top 
# 
# The complex index data will mostly use the Sopra database. 
# The index data for InGaP is supplied in a file. 
# 
material mat=GaAs       sopra=Gaas.nk 
#material mat=InAlGaP    sopra=Againp7.nk 
material mat=AlInP    sopra=againp10.nk 
#material mat=AlGaAs     sopra=Algaas7.nk 
material material=InGaP index.file=solarex03.nk 
# 
# Here we define the affinity for InGaP and AlGaAs to 
# set up the band alignment 
# 
material material=GaAs EG300=1.42 PERMITTIVITY=13.1 AFFINITY=4.07  
material material=GaAs MUN=8800 MUP=400  
material material=GaAs NC300=4.7e17 NV300=7e18 
material material=InGaP EG300=1.9 PERMITTIVITY=11.62 AFFINITY=4.16  
material material=InGaP MUN=1945 MUP=141  
material material=InGaP NC300=1.3e20 NV300=1.28e19 
material material=InAsP EG300=2.4 PERMITTIVITY=11.7 AFFINITY=4.2  
material material=InAsP MUN=2291 MUP=142  
material material=InAsP NC300=1.08e20 NV300=1.28e19 
#material material=AlGaAs  affinity=3.54 
# 
# Enable physical models  



 

# 
models srh fermi conmob optr auger bgn 
# 
method itlimit=40 maxtraps=10 
# 
# 
beam num=1 x.o=0.5 y.o=-0.5 angle=90 \ 
     wavel.start=0.305 wavel.end=3.455 wavel.num=300 \ 
     power.file=solarex03_0.spec out.power=solarex03_0.log 
# 
# Plot input solar spectrum 
# 
#tonyplot solar_1TJ.log -set solar_1TJ_0.set 
# 
# Here is an alternate simplified am0 solar spectrum 
# 
#     power.file=solarex03_0.spec out.power=solarex03_0.log 
#power.file=solarex03_15.spec out.power=solarex03_15.log 
# Output optical intensity. 
# 
output band.temp opt.int 
# 
# save the initial structure 
# 
save outf=GaAs_improved_0_AM0_.str 
# 
# 
log outf=GaAs_improved_AM0_dark.log 
 
solve vanode=0.01 
solve vanode=0.1 
solve name=anode vstep=0.025 vfinal=0.8 
solve name=anode vstep=0.01 vfinal=2.0 
 
# 
# Set NLBBT . 
# 
models srh fermi ni.fermi conmob optr auger bgn 
# Here we ramp the beam.   
# 
solve b1=1e-02 
solve b1=1e-01 
solve b1=1 
# 
log outf=GaAs_improved_AM0_light.log 
# 



 

# Ramp the bias back. 
# 
solve name=anode vstep=-0.01   vfinal=1.2 
solve name=anode vstep=-0.05    vfinal=0 
# 
# Extract important figures of merit. 
# 
extract init infile="GaAs_improved_AM0_light.log" 
extract name="Jsc" max(curve(v."anode", i."cathode")) 
extract name="JscmAcm2" $Jsc*1e08*1e03 
extract name="Voc" x.val from curve(v."anode", i."cathode") where y.val=0.0  
extract name="Pm" max(curve(v."anode", (v."anode" * i."cathode")))  
extract name="Vm" x.val from curve(v."anode", (v."anode"*i."cathode") ) \ 
 where y.val=$"Pm" 
extract name="Im" $"Pm"/$"Vm" 
extract name="FF" ($"Pm"/($"Jsc"*$"Voc"))*100 
extract name="Opt_int" max(beam."1") 
extract name="Eff" (1e8*$Pm/$Opt_int)*100 
# 
# Plot the results 
# 
#tonyplot =GaAs_improved_0_AM0.log -set =GaAs_improved_0_AM0.set 
 
quit 

 
Structure: 



 

 
 

Curve: 

 

 



 

Conclusion: 

Photovoltaic cells have made significant strides in the renewable energy landscape. It has advances in 

material science, manufacturing techniques. However, challenges remain in developing sustainable, cost 

effective, reliable and high efficiency. So, continued research will be crucial in the innovation of 

Photovoltaic cells. 

 

 

 


