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INTRODUCTION-:

Renewable Resources are essential for obtaining sustainable development, as it can provide
limitless energy and resources for continuous growth of a society. It reduces dependency on fossil
fuels, reduction in carbon emissions and promotes better environment friendly nature. One of the
most affordable and abundant renewable resources is sunlight i.e Solar energy. It harnesses the
sun’s vast power to generate electricity through photovoltaic cells or solar thermal systems. It
provides a clean, inexhaustible energy source which can be deployed globally, from large scale
solar farms to individual rooftop panels without any harmful emissions. It even promotes lower
electricity costs, and transition to a low-carbon economy, which will lead to resilient infrastructure

for upcoming generations.
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1. Photovoltaic cell
Photovoltaic cell is a device that converts solar energy into electrical energy through the photovoltaic
effect. In this process the light photons get absorbed by the material which then generate electric energy.
1.1. Fundamental principle of Photovoltaic cell:
Photovoltaic effect:
The photovoltaic effect is the process in which voltage or electric current generates in a photovoltaic cell
when exposed to sunlight. These solar cells are consist of two type of semiconductor p-type and n-type
which combine to form a p-n junction. An electric field is formed in the region of junction as electron
move to positive p side and holes move to negative n side. This causes the movement of electron and
holes. When light of suitable wavelength is incident on the cell energy of the photon transferred to

electrons causing it to jump to conduction band which lead to flow of electric current.
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2. Photovoltaic Solar Cells:
Photovoltaic (PV) solar cells have become a pivotal technology in the transition to renewable energy
sources.
Emphasis is placed on recent research developments aimed at improving efficiency, reducing costs, and
expanding the applicability of PV technology. They offer a sustainable solution to the growing global
energy demand while reducing greenhouse gas emissions. The development and optimization of PV

technologies are essential for achieving higher efficiencies and lower costs.



3. Types of Photovoltaic Cells:
I.  Monocrystalline Silicon Cells
ii.  Polycrystalline Silicon Cells
iii.  Thin-Film Solar Cells
iv.  Perovskite Solar Cells
v.  Organic Photovoltaic Cells (OPV)

4. Generation of photovoltaic cells:
In the context of photovoltaic cells, "generation” refers to the different stages or categories of technological
development that solar cells have undergone over time. These generations are typically categorized based
on the materials and technologies used, as well as their efficiency, cost, and application characteristics.

Photovoltaic Technology Generations
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(bulk silicon) (thin films) (emerging technology)
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4.1. Difference between three generations:

First generation

Second generation

Third generation

Materials

Efficiency range
Advantages

Limitations

Manufacturing process

Applications

Durability

Stability

Silicon

6-25%
Proven technology, increasing
efficiency

High raw material cost,
performance drops in high
temperatures

Wafer-based

Residential, commercial, utility-

scale projects
Good

Good

5. Solar PV technology and Materials

CIGS, CdTe, a-Si

10-15%
Flexible, lightweight, roll-to-roll
production, cost-effective

Lower efficiency, long-term stability
and durability, not yet well
understood

Roll-to-roll

Building-integrated photovoltaics,
portable and lightweight solar
panels, small-scale projects
Moderate

Moderate

Multi-junction cells, organic
materials, perovskite materials,
flexible substrates

>25%

Cheaper materials, potential to
significantly reduce the cost of solar
energy, higher efficiencies

Still in the research and
development phase

Various, depending on material and
design

Large-scale projects, consumer
electronics, off-grid applications

Varies, depending on material and
design
Varies, depending on material and
design

C-Si- Crystalline Silicon Solar Systems are generally constructed from two essential

types of

Crystalline structures: Monocrystalline and Multicrystaline.

The Monocrystalline structures offer 20% better efficiency than multicrystalline ones but

are more expensive. The technologies which are used to create the photovoltaic cells

are-:

e C-Si (Crystalline Silicon) Wafer -Based technology

e A-Si (Amorphous Silicon) thin film technology.

The C-Si wafer based technology is quite costly, while thin- film technology is

comparatively cheaper and cost effective.

The Cell- Efficiency of thin-film technology varies from 5% to 7%, and with double

and triple junction, it can increase to 8% to 10%.



Three Main Solar Panel Types
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6. Organic Photovoltaic Cells

Organic photovoltaic (OPV) cells have attracted considerable interest due to their potential for cost-
effective, large-scale production and unique physical properties. OPV cells utilise organic molecules or
polymers as the active layer for light absorption and charge transport, differentiating them from

traditional silicon-based PV cells.

Working Principles of OPV Cells-:

e Absorption of light-: In OPV cells, organic materials absorb photons, generating electron-hole pairs.
Efficient light absorption depends on the material’s structure, molecular weight, and orientation. Strategies
like conjugated polymers, optimized morphology, light-trapping structures, and plasmonic nanoparticles
enhance absorption, improving charge separation and transport, ultimately boosting OPV cell efficiency.
e Charge Separation-: Electron hole pairs are separated by a built in electric field created by the energy
difference between donor and acceptor materials in the active layer. Efficient charge separation occurs at
the donor-acceptor interface, with morphology playing a crucial role. This can be enhanced by using
material alignment, using alternative acceptors like non-fullerene, and employing tandem structures for
improved exciton dissociation and overall efficiency.

e Charge Collection-: Now, the separated electrons and holes are collected by electrodes made of
transparent conductive materials like ITO, aluminum, or silver. Efficient charge collection, crucial for
device performance, depends on active layer morphology, charge carrier mobility, and proper energy level

alignment between donor and acceptor materials.



e Electrical Output-: The electrical output of the cell depends on charge separation and collection
efficiency. Key performance metrics include short-circuit current density, open-circuit voltage, fill factor,
and power conversion efficiency. These factors collectively decide the efficiency of the organic
photovoltaic cell.
6.1 Materials used in Organic Photovoltaic cells (OPV)
The efficiency of OPV cells depends heavily on the materials used, which include:

1. Donor Materials

2. Acceptor Materials

3. Electrodes

6.1.1 Role of Polyaniline in Organic photovoltaic cells

The global push for sustainable energy sources has led to increased interest in renewable technologies,
particularly in solar energy conversion. Organic photovoltaics (OPVs) offer a lightweight, flexible, and
potentially low-cost alternative to traditional silicon-based solar cells. Among the various materials
investigated, polyaniline stands out due to its unique combination of electrical conductivity, stability, and
ease of processing. It is a conductive organic polymer that has many applications.

6.1.2 Properties of Polyaniline:

1.Electrical Conductivity:

PANI exhibits semiconductor-like properties. Which makes it suitable for charge transport in photovoltaic
applications. Also it's electrical conductivity increases exponentially with increase in temperature.

2. Environment Stability:

PANI shows a high degree of stability against environmental degradation. Which makes this compound
different from others.

3. Appearance:

PANI can be clear or colourless.

4. Thermal stability:

PANI has high thermal stability.

6.1.2 Integrating PANI into other OPV structures:
1.Spin Coating:



This technique provides a uniform thin film of PANI, allowing for precise control over layer thickness.
2. Layer by layer Assembly:
It is a method of coating substrates with polymers to improve their chemical and electrochemical stability.
3. Blending with other polymers:
Combining with other polymers including conductive or semiconductive can improve overall device
performance.
Recent studies indicate that PANI-based OPV cells can achieve power conversion efficiencies (PCE) of
3% to 6%. Key performance metrics include:

1. Power Conservation Efficiency

2. Stability

7. Recent advancement in Photovoltaic cell
i.  Advancement in PV technology have focused on improving efficiency of photovoltaic cell.
ii.  Thin film technology and organic material offer low material cost contributing to low
manufacturing cost.

iii.  Day by day research are done to enhance the stability and durability of photovoltaic cell.

8. Advantages of OPV cell over PV cell:
I.  Flexibility: OPVs are more flexible and lightweight than PV cell. The flexibility allows
OPVs to be applied to a wide range of substrate such as plastic and glass.
ii.  Low-cost manufacturing: OPVs use less silicon and using low temperature, etc.
iii.  Lower energy consumption in production: The production of OPVs require less energy

compared to silicon-based PV cell.

9. Challenges:
Organic photovoltaic (OPV) cells, while promising for their flexibility, low cost, and potential for large-
area production, face several technical challenges:

i.  Efficiency: OPV cells generally have lower power conversion efficiencies compared to inorganic

counterparts like silicon-based solar cells.



ii.  Stability and Lifespan: The materials used in OPV cells are often less stable than inorganic
materials. They can degrade due to exposure to oxygen, moisture, and UV light, leading to shorter
lifespans.

iii.  Material Purity and Processing: High purity of organic materials is crucial for the performance
of OPV cells, but achieving and maintaining this purity can be challenging.

iv. Environmental Impact: The long-term environmental impact of the materials used in OPV cells,
including their production, use, and disposal, is not yet fully understood.

v.  Scaling and Manufacturing: While OPV cells are potentially cheaper and easier to manufacture,
scaling up production to industrial levels while maintaining quality and performance is a

significant challenge.

10. 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.

Appendix I: Simulation of Solar Cells using SCAPS

1) When you open scaps then this window opens which contains many functions.

2) Here you can see (Dark/Light) option which help you to work your photovoltaic cell work in dark
or in the exposure of light.

3) At bottom you can see the Set problem option, click on it.



LAYER 1 i | [~ Recombination model
thickness (um) ~| 40.000 ‘ Band to band recombination

luniform pure A (y=0) p Radiative recombination coefficient (cms) 0.000E+0
[The layer is pura A"y = 0, uniform 0.000 Auger electron capture coefficient (cm”6is) 0.000E+0
[Semiconductor Property P of the pure material | |pur A (y = 0) Auger hole capture coefficient (cm”6s) 0.000240

Recombination at defects: Summary

bandgap (eV) 3.500 Defect 1 ~
eloctron affinity (V) 2500 Defect 1
dielectric permittivity (relative) 9.000 charge type : neutral
CB effective density of states (1/cm"3) 3.000E+19 'D:J‘zs"ﬁ;:y)cﬁr::‘r)mum'mm 1.0000+14
VB effective density of states (1/cm”3) 2.000E+19 gnsrgygmsmywm: single; Et = 0.60 eV above EV
electron thermal velocity (cmis) 1.000E+7 this defect only, if active: tau_n = 1.0e+03 ns, tau_p = 1.0e+03 ns
hole thermal velocity (cmis) 1.000E+7 this defect only, if active: Ln = 1.86+01 pm, Lp = 1.1e+01 pm
electron mobility (cm2/V's) 1.200E+2
hole mobility (cm?/Vs) 5.000E+1
effective mass of electrons| 100
[ Alow Tumneing 2ol 00s ofholes | 1

no ND grading (uniform) ~
shallow uniform donor density ND (1/cm3) ‘ 0.000E+0

no NA grading (uniform) -
shallow uniform acceptor density NA (1/cm3) | 2. 000E+19

Absorption interpolation model

alpha pure A material (v=0) o
E=N Edit ‘ Adda ‘ ‘ ‘ ‘ ‘ ‘

from file Il from model
Defect 2

Set absorption model save Defect 1
List of absorption submodels present Remove

sqrt(hv-Eqg) law (SCAPS traditional)

(no metastable confiquration possible)

_ Accept | cancel | [ 1opdMareral 1

Save Material |

4) After clicking on the set problem option this display was opened.
5) Now make a layer material of your choice.

6) Now click on the defect option and then press on ok.

7) Then press on the accept option at the bottom of the window.

LAYER 2 : n-zno layer 3 f [ Recombination model
thickness (um) v| 40.000 ‘ Band to band recombination
uniform pure A (y=0) = Radiative recombination coefficient (cm?/s) 0.000E+0
|Tha layer is pure A: y = 0, uniform 0.000 Auger electron capture coefficient (cm®”6/s) 0.000E+0
Auger hole capture coefficient {cm*6/s) 0.000E+0

|Ssm\conduclor Property P of the pure material |purs Aly=0)

Recombination at defects: Summary

bandgap (eV) 3.300 Defect 1 -
electron affinity (eV) 4.000 Defact 1
dielectric permittivity (relative) 8.500 charge type - neutral
CB effective density of states (1/cm”3) 4.000E+18 mrl:d‘lgs";:?)(1:2%3r)rﬂummm 1.000e+14
VB effective density of states (1/cm"3) 2.000E+19 gnarg)?d\slri{)&tium. single; Et = 0.60 eV above EV
eleciron thermal velocity (cm/s) 1.000E+7 this defect only, if active: tau_n = 1.0e+03 ns, tau_p = 1.0e+03 ns
hole thermal velocity {cm/s) 1.000E+7 this defect only, if active: Ln = 1.6e+01 pm, Lp = 8.8e+00 pm
electron mobility (cm?/V's) 1.000E+2
hole mobility (cm?Vs) 3.000E+1
l_ A T effective mass of electrons| 1 \E\”’ 0
effective mass of holes 1.0 0

no ND grading (uniform) =
shallow uniform donor density ND (1/cm3) ‘ 1.000E+19

no NA grading (uniformy) -
shallow uniform acceptor density NA (1/cm3) TU.UUUE+U

Absorption interpolation model

alpha pure A material (v=0) show .
from file L1l from model —] Edit Add a
Set absorption model save ] Defect 1 Defect 2

List of absorption submodels present: Remove
sqrt(hv-Eg) law (SCAPS traditional)
(no metastable configuration possible)

(T R I Iy e | R ywe—" 8) When
you press add layer (n-zno), option then this window open.

9) Now fill the information of layer second then click on edit defect option then click on accept option.

10) After that add a new ITO layer.



LAYER 3
thickness (um)

ITO layer 4

~| 60.000 |

uniform pure A

|The layer is pure A: y = 0, uniform

0.000

|Sam\conduclor Property P of the pure material

|purs Aly=0)

bandgap (eV)

3.500

electron affinity (eV)

dielectric permittivity (relative)

CB effective density of states (1/cm™3)
VB effective density of states (1/cm"3)
electron thermal velocity (cm/s)

hole thermal velocity (cm/s)

electron mobility (cm?/V's)

hole mobility (cm?/Vs)

4000
9.000
2.200E+18
1.000E+19
1.000E+7
1.000E+7
3.000E+1
5000E+0

effective mass of electro

l_ Allow Tunnaling effective mass of holes

ns| |1.000E+0
1.000E+0

no ND grading (uniform)

shallow uniform donor density ND (1/cm3)

=
| 2.000E+20

no NA grading {uniformy)
shallow uniform acceptor density NA (1/cm3)

[ 0.000E+0 H

Absorption interpolation model

from file IL1] from model
Set absorption model

alpha pure A material (v=0) <how

=y

List of absorption submodels present:
sqrt(hv-Eq) law (SCAPS traditional)

[ Recombination model

Band to band recombination

Radiative recombination coefficient (cm?s) 0.000E+0
Auger electron capture coefficient (cm™6/s) 0.000E+0
Auger hole capture coefficient (cm™6/s) 0.000E+0

Recombination at defects: Summary

Defect 1 bt

Defect 1

charge type - neutral

total density (1/cm3): Uniform 1.000e+14

grading Ni(y): uniform

energydistribution: single; Et = 0.60 eV above EV

this defect only, if active: tau_n = 1.0e+03 ns, tau_p = 1.06+03 ns
this defect only, if active: Ln = 8.8e+00 pm, Lp = 3.6e+00 pm

Edit Add a
Defect 1 Defect 2

Remove

(no metastable configuration possible)

DAceeptl]  cancel | [ oadmaterial 11 Save Maera)

11) Now follow these options which you followed earlier and press on accept option.

12) After inserting all the layers you can see this window :-



illuminated from : apply voltage Vto ©  current reference as a:

Layers right left contact consumer
g ﬁ e right contact generator _Invelt the structure

left contact (back) |

p-NO Interfaces

n- zno layer 3
ITO layer 4
add layer

W

right contact (front) | left contact right contact

e +%f+ back front e

All grading data: Save ] Show ] Graph View ]

numerical settings!

Problem file

c:\Users\Aryan Pratap\OneDrive\New folder\New folder\
Abhi.mp4

last saved: 27-8-2024 at 8:54:17

Remarks (edit here)

Comments (o be) included in the def file H
Can be edited by the user new J load J save

o] _ o

13) Here you can see all the layers which you inserted .
14) Now press on save option and save it.
15) Then press on the ok option.

16) This window will open on your screen.



Working point st hunt resist Action list AllSCAPS setings
Temperature (K) /30000 65 65!
z =3 == — ;
Voltage (V) 00000 t I Load Acton List Load ol setings
al j 00E+0 e j 00E+3
Frequency (Hz) 211 000E+6 1.00E+0 Rs Ohm.cm’2 Rsh 1.00E+3 | oo Aeton L ' | ——— '
Number of =5 S/em2 Gsh :‘T 00E-3
on Dark I [ Light Specify n spectrum, then calculate G(x) | Directly specify G(x)
0 Emcimm_[mm_ma_} J— EnaJyI\;ﬁJmoﬂsﬂjﬂrﬁ!xJM Gl fromfle ]
d from left [ | iluminated from right R
.| |Abhishek_Documentsispectrum\AM1_5G 1 sun.spe|  sunorlamp 1000.00 G(x) model [ Constant generation G
Epcetuy il . Shart wavel. (nm) 72rm 0
ol {nm j S
Spocirum outoff 2 [ Y% e affor cut-off.|1000.00
Long wavel. (nm) :‘-WUEI 0
Neutral Density 200000 | T n(%) 3100000 | afterND 1000.00
[—Action——————T ~Pause at each step number
of points
Y V1 (V) 200000 | V2 (V) 2 150000 | I stop after voc j: 751 j: 0.0200 increment (V)
— cv Vi) 20800 | v2() 2osoo | 281 | 200200 increment (V)
 ci f1 (Hz) 3{1,UUUE+2 ‘ f2 (Hz) e{T,UUUBS | =21 =5 points per decade
\ | s

™ QE(PCE) WL1 (nm) ﬂ'IDU,UU WL2 (nm) ﬂBDU,UU

j: 10.00 increment (nm)

new problem |OK

Set problem loaded definition file
_ Continue ] Stop ] Results of calculations J Save all simulations ]
Batch setup ) EJ ﬂj ﬂ &J ﬂ] EJ EJ Clear all simulations ]
Record setup ) Recorder results ] SCAPS info

Calelziiz: aunys i) ] Curye ft=etup ) Curvefitting results ]

Soript setup ) Script graphs ] Script variables ] _

17) Now click on the (calculate single shot) option and a output window open in front of you.

Czlletifziztuziich

Caloulatz: rscardsr

Egeuiz sorge

Band Diagram EC,EV EFp EFn i
e ] Carrier Density holes electrons |total charge| Curve info
Defect type ~ OFF
350 2E+20-
seae
2.00- B continue
% om ' g | oo |
® U T £
save data
-2.00-
show data
-3.62-, | T BE-40-1 i _—
0 20 40 60 80 100 120 140 0 20 40 80 50 W 120 M40 plotflegend
distance (um) distance (pum)
‘ ‘Scale distance (al graphs) 1 Occupation probability of deep defects for electrons _
Current Density holes electrons total a IRCARS.2.5 and qarlal)

Defect type - i Recorder

g log  1.00-
lin
occupation with_ 0.80

lin 5 / electrons 'E 0,60 Y
= Abs | 20
52; 0E+0 {\, \%0.4@ o ac-bands
l
140

EI 4E-1-

Gen-Rec
log 2E-1

-2E-1

I g
020 cv
4E-1-, 0.00~; : o
0 20 40 60 80 100 120 0 20 40 60 80 100 120 140 —_—
distance (um) distance (um) QE
oK short circuit V = 0.000 Volt [Comments| <light

last saved: 27-9-2024 at 8:54:17

Problem file: c:\Users\Aryan Pratap\OneDrivetNew folderiNew folder\Abhi.mp4 \
simulation done on: 27-8-2024 at 8:55:47

18) This window shows the output in terms of parameters like Band Diagram, Carrier Density, Current
density and defects of your photovoltaic cell.



References:
1. Wikimedia Commons. (August 18, 2015). Comparison of Solar Cells [Online].
Available: https://upload.wikimedia.org/wikipedia/commons/7/71/Comparison_solar_cell_poly-
Si_vs_mono-Si.png
https://energyeducation.ca/encyclopedia/Types_of photovoltaic_cells
RSC Advances article on OPVs

https://www.sciencedirect.com/topics/materials-science/polymer-solar-cell

o b~ wDN

"PolyU researchers achieve record 19.31% efficiency with organic solar cells". Hong Kong
Polytechnic University. 25 May 2023. Retrieved 7 June 2023.

6. Applied system innovation

7. International Energy Agency. (2021). World Energy Outlook 2021.

8. Wang, X., et al. (2022). "Polyaniline as a functional component in organic photovoltaic cells."
Journal of Polymer Science.

9. Liu, Y., etal. (2023). "Improving power conversion efficiency in organic solar cells using
polyaniline.” Solar Energy Materials and Solar Cells.

10. Zhang, T., & Chen, S. (2023). "The role of conductive polymers in energy conversion." Advanced
Energy Materials.

11. https://www.alternative-energy-tutorials.com/photovoltaics/solar-cell-i-v-characteri stic.html

12. https://www.e-education.psu.edu/eme812/node/606

13. https://arka360.com/ros/semiconductor-junctions/

14. https://www.mdpi.com/2571-5577/5/4/67

15. https://www.researchgate.net/publication/227421504_A _review_of_solar_photov
oltaic_technologies

16. https://pubs.rsc.org/en/content/articlelanding/2023/ra/d3ra01454


https://upload.wikimedia.org/wikipedia/commons/7/71/Comparison_solar_cell_poly-Si_vs_mono-Si.png
https://upload.wikimedia.org/wikipedia/commons/7/71/Comparison_solar_cell_poly-Si_vs_mono-Si.png
https://energyeducation.ca/encyclopedia/Types_of_photovoltaic_cells
https://www.sciencedirect.com/topics/materials-science/polymer-solar-cell
https://www.polyu.edu.hk/rio/news/2023/20230529---polyu-researchers-achieve-record-1931-efficiency/

