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Design An Environmentally Friendly Thin-Film
Solar Cell, and Study The Effect Of Temperature On
Its Electrical Properties Using a One-Dimensional
Solar Cell Simulation Program

Suad Muhammad Abu Zariba, Hajar Ali Ashkirban

Misurata University
suadabu@yahoo.com

Abstract:

Despite the good results of thin-film solar cells in terms of
providing the possibility of reducing manufacturing costs
compared to traditional silicon-based solar cells, many
disadvantages related to the materials used have been highlighted,;
some materials are rare, unavailable, and expensive, such as:
gallium, indium, and selenide, and some materials are toxic, such
as arsenic and cadmium; therefore, there is a need to identify thin-
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film materials that consist of abundant, less toxic and efficient
elements.

Copper zinc tin sulfide (CZTS) film is a good material for thin-film
solar cells. Because it has characteristics that make it an ideal
absorbent material, it is used to form the absorbent layer, and its
components are available, which enables it to replace copper
indium gallium (CIGS) and cadmium sulfide (CdTe); Because it
consists of toxic substances and expensive materials; Accordingly,
in this research, a thin-film solar cell was designed using non-toxic
materials, using a simulation program for thin-film solar cells. The
solar cell was designed from a copper zinc tin sulfide (CZTS)
compound as an absorbent layer due to its excellent photoelectric
properties and its abundant materials in the ground and non-toxic.
Toxic, titanium dioxide (TiO,) as an insulating layer as an
alternative to cadmium sulfide because it contains the toxic element
cadmium, and zinc oxide (Zn0) as a permeable layer, to obtain the
distinctive characteristics of the designed solar cell represented by
cell efficiency, fill factor (FF), open circuit voltage (V,.), and short-
circuit current density. (Js¢), and study the effect of temperature on
the distinctive characteristics of the designed solar cell. The study
showed that a solar cell design with efficiency n = 29.735%, fill
factor FF = 87.66%, open circuit voltage V,.= 1.0385 v, and short
circuit current density Jgc= 32.712090 mA/Cm?, in addition to that,
the effect of temperature on the properties of The solar cell, as it
was shown that with increasing temperature the -efficiency
decreases, the short circuit current density increases, and the open
circuit voltage and fill factor decrease.

key words: Thin film solar cell - Copper Zinc Tin Sulphide
(CZTS)- Efficiency — Filling Factor —Short circuit current - short
circuit voltage - Temperature -One-dimensional simulation
program (SCAPS).
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CZTS|Ti0,/ZnO
parameters i_Zno n_Tio, p—CZTS
d(pm) 0.25 0.05 3
Eg(ev) 3.3 3.26 1.5
x(ev) 4.6 4.2 4.5
€ 9 10 10
Nc(cm™3) 2.2*%10"18 2.2*10"8 2.2*10"18
Ny (cm™3) 1.8*10*19 1.8*10*19 1.8*10"19
Vihe(cm/s) 10%7 1077 1077
Vinp (cm/s) 10%7 1077 1077
Hp (cm?/VS) 1072 10*2 10*2
W, (cm?/VS) 25 25 25
ND(cm™3) 10*19 10718 0
NA(cm™3) 10*19 0 1078
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CZTS Copper Zinc Tin Sulphide
CIGS Copper Indium Gallium Diselenide
CdTe Cadmium Telluride
Cds Cadmium Sulphide
Zno Zinc Oxide
TiO, Titanium Dioxide
FF Fill Factor
Voc Open circuit voltage
Jsc Short circuit current density
J-v Current Density-Voltage
n Efficiency
AM 1.5 Air mass 1.5
Pin input optical power
G, the generation process for electrons
R, the recombination rate for electrons
Gy the generation process for holes
Rp the recombination rate for holes
In Electron current density
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Jp hole current density
q electron’s charge
d Thickness
um micrometer
E, Energy band-gab
eV Electron Volt
% Electron Affinity
€ Permittivity
N, Electron density of states
N, Hole density of states
pn Electron Mobility
up Hole Mobility
Vihe electron thermal velocity
Vinp hole thermal velocity
Pmax maximum power
Lnp current at maximum power
Vinp Voltage at maximum power
I short-circuit current
NA Acceptor concentration
ND Donor concentration
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