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Abstract— There is a plethora of thin-film photovoltaic materials
like CIGS, CIGSSe, CZTS, CZTSSe, etc. that are currently under
research and are suitable for commercial use. In this study, a
Cu2CdSnS4 (CCdTS) based thin-film solar cell is simulated using
SILVACO TCAD to extract its optical and electrical properties such
as efficiency, electric field, short circuit current, quantum efficiency,
etc. The device is also optimized by variation of such physical
parameters as thickness, doping concentration and material defects
of the absorber layer. A remarkable efficiency of 21.2% is reached
under the condition of defect absence, whereas an efficiency of
7.5% is obtained for the defect presence in the absorber layer.
Changes in behavior of the solar cell with material defects following
Gaussian and Tail type distribution are also analyzed and corresponding conclusions are drawn.

Index Terms— Solar Cell, Kesterite, Copper Cadmium Tin Sulphide (Cu2CdSnS4), Quantum Efficiency, Defects, Gaussian
distribution, Tail distribution

I. INTRODUCTION

SOLAR energy is everlasting, cost-effective, and the best
Eco-friendly alternative source of energy [1]. Thin-film

solar cell technology is fascinating for its notable efficiency
[2], low material consumption, flexibility, profitability, [3]
etc. Many recent research works and technological advance-
ments in the field of photovoltaics bring the attention towards
kesterite solar cell due to its favorable properties [4]. The
kesterite type includes a wide range of materials with dif-
ferent structures and compositions like Cu2ZnSnS4(CZTS),
Cu2ZnSnSe4 (CZTSe), Cu2ZnSn(Sx, Se1−x)4 (CZTSSe),
etc. [5]–[9]. Recently, material under research is the Copper
Cadmium Tin Sulphide (CCdTS) which is obtained by the
substitution of Zn with Cd in CZTS [10]. This proves to be
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effective because in case of compound semiconductors, there
is said to be an evident reduction in the band gap when the
atoms are substituted by heavier atoms belonging to the same
group of the periodic table [11].

Cu2CdSnS4 (CCdTS) is a material belongs to quaternary
compound which showed promising semiconductor material
for thin film solar cell. The feature of alloying Cd with
kesterite material is bandgap tuning, which leads in a bandgap
ranging from 1.09eV to 1.5eV. Su et al. achieved a remarkable
efficiency of 9.2% with a Cd concentration of 40% [12].
The substitution of Zn with larger atoms of Cd reduces
the prevalence of ZnCu antisite defects, notwithstanding the
rarity of Cd’s yearly production. In addition, the bandgap
of CCdTS (direct band gap ∼1.4eV) is closer to the ideal
value determined by Shockley and Queisser than that of CZTS
[13]. There are an abundant number of factors that determine
the direct band gap energy and efficiency of a solar cell.
For instance, fluctuations in the band gap were reported for
different methods employed in the deposition of the thin-film,
like spray pyrolysis, co-sputtering, sol-gel method, solution
method, monograin powder technology, spin coating, etc [14].
Other parameters related to the chosen method of deposition
are also responsible, like the spin speed bringing characteristic
variations in the properties when the spin coating method
was explored [15]. There are many more variables like the
annealing temperature [16], deposition time [17], material
defects [18]–[20], chemical concentration [17], etc., that con-
tribute to the alterations in the physical, optical and electrical
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Fig. 1: Device structure of the simulated of the Cu2CdSnS4

based Thin-film Solar cell

(a) (b)

Fig. 2: (a) Equivalent circuit of solar cell [23] and (b) Band
diagram of the simulated of the Cu2CdSnS4 based Thin-film
Solar cell

properties of the material. A good amount of interest is also
visible for the research in the structural properties [21] of
this material through the XRD patterns and from Raman, UV-
vis and, PL spectroscopy, thus proving its peculiar properties.
CCdTS proves to be advantageous not only in the photovoltaic
industry but also in the field of medicine [22]. This research
mainly throws light on the optical and electrical properties
of the Cu2CdSnS4 based thin-film solar cell. In general, this
material is prone to defects, such as bulk and band-tail defects.
In this work, an extensive analysis on presence of defect states
and its distribution is implemented.

II. DEVICE STRUCTURE AND SIMULATION

For mathematical study, the structure shown in figure. 1 is
considered and simulated using TCAD tool [26] with ZnO
thickness of 100nm, Cds thickness of 100nm and the CCdTS
absorber layer thickness varying from 100nm to 10µm. In
the structure, ZnO serves as the window layer, Cds - as
the buffer layer and CCdTS - as the absorber layer. In this
manuscript, main focus is to explore effect of recombination
in CCdTS based solar cell due to presence of different defects.
Since, optimization of contacts and contact resistances will
add more complexity to the analysis, a simple ohmic contact
with negligible resistance is considered for this analysis. No
particular contact material or kind has been explored in this
simulation. Because ohmic contacts are recommended for the
effective collection of carriers. If no material is specified for
simulation, the TCAD tools will presume an ohmic contact
with no resistance. If no material is specified for simulation,
the TCAD tools will presume an ohmic contact with no
resistance [26]. The layer parameters of CCdTS, CdS and

TABLE I: Material parameters used in simulation

Parameters CdS [19], [24] ZnO [24], [25] CCdTS [18]

Thickness
(µm)

0.1 0.1 varied

NA (cm−3) 3× 1018 1020 -
ND(cm−3) - - varied
Eg (eV) 2.4 3.3 1.4
µn(cm2/V.s) 100 100 20
µp(cm2/V.s) 25 25 20
ε 9 9 9
χ(eV) 4.2 4.4 4.5
Nc 1.8×1019 2.4×1018 2.20× 1018

Nv 2.4×1018 1.8×1018 1.8× 1019

Defect States(Gaussian and Tail Distribution) [19], [25]
nTD(cm−3) - - D:7x1012−7x1019

nGD(cm−3) - - D:1012 − 1019

WGD/WTD(eV ) - - 0.05− 0.25
EGA(eV ) - - 0.6
EGD(eV ) - - 0.725

ZnO, like thickness, doping, electron affinity, permittivity, etc.,
are listed in Table. I as they were taken in the literature [18],
[19], [24], [25]. As an emerging inorganic solar cell, a CCdTS-
based solar cell with an efficiency of 7.9 % has been reported
[20], [27].

Figure. 2a shows the equivalent circuit of solar cell [23]
used for mathematical analysis, where Iph – current generated
through photovoltaic effect, ISH – current lost due to shunt
resistor (RSH ), Id – current due to the result of electron hole
pair recombination which can be expressed using Shockley
equation for an ideal diode [23],

Id = ISH

(
e

V +IRS
nVT − 1

)
(1)

The total current produced by a solar cell may be represented
as [23],

I = Iph − Id − ISH (2)

The equation may be used to calculate the short circuit current
(Isc) at V=0 and the open circuit voltage (Voc) at I=0. Fill
factor(FF) is expressed as the ratio of maximum power point
to Isc and Voc [23],

ff =
Pmax

VocIsc
=

ImppVmpp

VocIsc
(3)

In order to attain a high FF for the specified device structure,
low ISH and RS values and a high RSH value are always
necessary. Since FF is also accountable for obtaining a high
level of efficiency. In our study, the values of RS and RSH

are assumed to be 0 and ∞, respectively. The analysis is taken
in an ideal environment so that comparative analysis can be
done. However, in practice, the device experience both type of
resistance which is different for different fabrication process
flow. The solar efficiency may be determined as follows [23]:

η =
Pmax

Pin
=

VocIsc.ff

Pin
(4)

Figure. 2b is the energy band diagram of the simulated CCdTS
solar cell. There is a band gap of 1.4 eV between the valence
band and the conduction band of CCdTS. The figure. 2b also
shows that the valance band edge of CCdTS is greater than that
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(a) (b)

Fig. 3: Variation of WGD with constant nGD of (a) Gaussian
distribution and (b) Tail Distribution

of CdS owing to differences in electron affinity and bandgap.
As a result, a hetero-junction will form. Silvaco TCAD tools
have been used for mathematical analysis models such as Drift
diffusion, Fermi-Dirac, Recombination models such as SRH
(Shockley–Read–Hall), and Radiative recombination.

Defects in crystals are caused by the crystal’s atomic ar-
rangement deviating from the ideal structure. Electron binding
(Acceptor-like) or electron release occurs when point defects
arise as a consequence of the generation of point defects
(donor like). When the distribution of a random variable
is unknown, the Gaussian distribution is assumed. This is
because the central limit theorem enables the analysis of
numerous random variables. This research makes use of the
Gaussian distribution since defects in photoactive devices
are often random and unknown. In order to examine the
defect distribution around junction or interface locations, tail
distribution is employed. In addition to that, many literatures
show the use to these two distributions for defects as it is
matching quite closely with fabricated device [28], [29]. The
final density of states is shown in the following model [19],
[24].

g(E) = gA(E) + gD(E) (5)

gA(E) = nTAe
E−EC
WTA + nGAe

−
(

EGA−E

WGA

)2

(6)

gD(E) = nTDe
EV −E

WTD + nGDe
−
(

E−EGD
WGD

)2

(7)

where A and D denote Acceptor and Donor like states, T
denotes Tail (Exponential) distribution, and g denotes Gaus-
sian (deep defects) distribution. The intercept densities for
the exponential distribution of valence and conduction band
are represented by nTA & nTD, and its characteristics decay
energy by WTA & WTD, which together characterise the
Density of state (DOS) for exponential distribution. DOS may
be characterized using total density of states nGA & nGD

and its characteristics energy decay WGA & WGD, where its
peak energy is given by EGA & EGD for deep defects with
gaussian distribution. Since our study focuses primarily on
donor defects in both the exponential and Gaussian distribu-
tions, equation 3 may be ignored. For our investigation, the
values of nTD and nGD in equation . 7 varied from 1012 to
1019, while the values of WGD and WTD varied from 0.05
to 0.25(fig. 3). In the literature, one may find a more in-depth
explanation of the model implementation [19], [24], [25].

(a)

(b)

Fig. 4: (a) Representation of Efficiency, Jsc and Voc curves,
and (b) I-V curve for thickness variation of the CCdTS layer

(a) (b)

Fig. 5: (a) IQE, and (b) EQE for thickness variation of the
CCdTS layer

III. RESULTS AND DISCUSSION

A. Effect of absorber layer thickness
The CCdTS layer thickness ranges from 0.5 to 10µm, with

a fixed doping of 3× 1017cm−3 throughout the process. The
efficiency (η) variation with respect to the thickness along
with corresponding Jsc and Voc values are shown in Fig. 4a.
The efficiency gradually increases from 16.5 % at 0.5µm to
21.2 % at 2µm. After which, it remains saturated till 10µm.
It is clearly noticed from the above results that the optimal
efficiency is obtained at 2µm, i.e., exactly where the efficiency
doesn’t change much even with increasing thickness. Here, the
thickness is varied up to 10 micron in order to show the trends.
It may be because the absorber layer thickness is greater
than the diffusion length of photo-generated carriers, and it
leads to recombination of the carrier before being collected
by contacts. As Jsc is constant, Voc and efficiency are also
constant. Fig. 4b shows the I-V curve for the given thickness
range. It is perceptible from the graph that the Isc value ranges
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over 4.0×10−10− 5.0×10−10 A and the Voc value is around
950 - 1000 mV in the aforementioned thickness range.

Each photon that strikes an ideal solar cell produces an
electron-hole pair. External quantum efficiency(EQE) is the
number of carriers contributed to the external load for each
incident of photons. Finally, the photon generated carriers will
be gathered through the contacts. The Fig. 5a shows the IQE
with respect to wavelength in the manuscript. It shows that
IQE is higher than 80% in the wavelength region of 300nm
to 700nm. This is because the EQE of the solar cell also
shows the response in the same region(fig. 5b). That means
the absorber material absorbs more photons in this wavelength
range and absorption goes down beyond 700nm wavelength.
Since, more photons are absorbed in this range, more electron-
hole pairs are also generated in this range. Hence more carriers
contribute to current. IQE shows the ratio of how many carriers
contributed finally to current to how many carriers generated
due to sunlight. In other hand, effect of absorber layer thick-
ness also plays a major role in deciding EQE and IQE. The
increase in absorber layer thickness decreases the IQE more
prominently than EQE. That is because EQE is less dependent
on absorber layer thickness whereas IQE is directly dependent
on it. In general, increase in absorber layer thickness increases
photon absorption and hence more carriers are generated.
The more generation of carriers increases overall current. But
absorber layer thickness beyond a certain range is not helpful
for efficient carrier collection. Because thickness of quasi-
neutral region will increase and carriers will get recombined
inside the quasi-neutral region before reaching the junction.
The same effect can be observed in Fig. 5a and 5b. Since
IQE depends on efficient carrier collection and carriers get
recombined if thickness increases, the IQE decreases beyond
900nm. It is evident from Fig. 4a that the characteristic Jsc,
Voc and efficiency follow a very similar trend. The highest
value of Jsc is noted as 25.31 mA/cm2 and maximum Voc

value is 0.99 V. The values are optimized exactly at 2-micron
thickness with a performance efficiency of 21.2%, as seen from
the graphical representation.

B. Effect of absorber layer Doping Concentration

Here, the CCdTS layer doping concentration was varied
from 1×1015 to 1×1020 cm−3 in order to analyze its behavior.
The CCdTS layer thickness was fixed at 2µm which proved
to be the optimal thickness in previous works on kesterite
materials and has been taken as the reference thickness [30].
Fig. 6b shows the Efficiency, Voc and Jsc characteristics for
different Doping concentrations. It can be noticed that there
was a gradual decrease in the efficiency from 26% to 17% in
the doping concentration range of 1× 1015 to 1× 1018cm−3.
It was noticed from the analysis that for concentrations be-
yond 1 × 1015cm−3, the efficiency is reduced drastically.
Fig. 6a shows the I-V curve for the variation in doping
concentration of the CCdTS layer. The Isc value ranges from
4.0× 10−10–7.5× 10−10 A and the Voc value is around 900 -
1000 mV in the Doping range of 1× 1015 to 1× 1018cm−3.
Authors would like to highlight that if doping is 1×1015cm−3,
the device shows better performance compared to higher class

(a)

(b)

(c)

Fig. 6: (a) I-V curve, (b) Efficiency, Jsc, Voc for variation in
doping concentration and (c) Efficiency values for variation in
Cu2CdSnS4 doping with respect to thickness

of doping. The doping of any materials can be done by adding
impurities to intrinsic material. Furthermore, with the variation
of doping concentration and thickness(Fig. 6c), the following
inferences are made when doping concentration is:

• 1015–1016cm−3: Efficiency is high and the optimization
point is reached beyond 8µm. Fabricating a solar cell
with a thick absorbance layer requires more material and
might not be cost efficient.

• 3 × 1016–1 × 1017cm−3: Efficiency is good and the
optimization point is reached beyond 4µm thickness.

• 3×1017–5×1017cm−3: Suitable range with considerable
efficiency for which the optimization point is reached at
2-micron thickness. 3 × 1017cm−3 was finalized as the
optimal doping concentration, as it had higher efficiency
compared to 5× 1017cm−3.

• Beyond 7×1017cm−3: The optimal point is reached with
less thickness but the efficiency of the solar cell is not
desirable.

Fig. 7a shows the IQE vs. optical wavelength (200-1300 nm)
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(a) (b)

Fig. 7: (a) IQE and (b) EQE for variation in doping

(a)

(b)

Fig. 8: (a) EF Characteristics (b) Potential for different doping
concentrations for Gaussian Distribution

for different film doping concentrations. The graphical trend
shows that the IQE value gradually increases to 90% at 400 nm
and further decreases with the wavelength increase. It can also
be seen that IQE value is high for lower doping concentration
and low for higher doping concentration. Similarly, Fig. 7b
exhibits the comparison between EQE for the given doping
range and the graphs follow similar trends as IQE. The EQE
value is also high for lower doping concentration and low for
higher doping concentration. Increased doping has an influence
on the mobility and lifetime of the carriers that are generated.
The extra carriers result in an increase in carrier density and
a decrease in the quasi-Fermi level of the hole. This may
result in an increase in Voc, but extensive doping will enhance
recombination. Increased recombination and light-generated
carriers result in a reduction in Jsc. This impact resulting from
recombination loss is seen in the QE graph(fig. 7a & 7b) of
the implemented structure.

Fig. 8a shows the characteristics of the resultant electric

(a)

(b)

Fig. 9: (a) RRs for different doping concentrations and (b) I-V
curve for Gaussian Distribution

field(EF) with variation in the doping concentration of the
CCdTS layer. It is a well-known fact that, when doping con-
centration increases, the depletion region enters more towards
CdS layer and EF will be very high along the CdS/CCdTS
junction, as shown in the figure. Fig. 8b demonstrates the
variation in the Potential of the cell with respect to the change
in doping level. Since width of the depletion is changing
upon doping concentration, the potential remain constant at
the interface, as shown in Fig. 8a. It should be observed
that when doping concentration increases, there is a slight
variation in the electricfield(fig. 8a) at the interface region,
which may also result in a variation in potential(fig. 8b) in
the absorber layer. It is because the increase in doping makes
the absorber layer more conductive and Fermi level goes
towards conduction band, which leads to drop in potential, as
shown in the inset of Figure. 8b. Furthermore, it was observed
that there was a characteristic change in the Recombination
rate(RR) (Shockley-Read-Hall and Radiative Recombination)
with the doping concentration change, as shown in Fig. 9a.
It is important to note that higher doping concentrations have
higher RRs at the CdS-CCdTS junction eventually paving way
for a reduction in the current. Also, the doping concentration
of 3× 1017cm−3 is related to a moderate RR.

C. Effect of absorber layer Defect Concentration
Vacancies, antisites, interstitials, and defect complexes are

the primary sources of defects in kesterite material. These de-
fects cause shallow donor and acceptor states, as well as mid-
gap and deep trap states, to be generated inside the bandgap
of the kesterite material. Fault complexes are the root of the

This article has been accepted for publication in IEEE Sensors Journal. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/JSEN.2022.3205661

© 2022 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See https://www.ieee.org/publications/rights/index.html for more information.



6 IEEE SENSORS JOURNAL, VOL. XX, NO. XX, XXXX 2017

(a) (b)

Fig. 10: Effect of Gaussian width and defect density on (a)
IQE and (b) EQE

(a) (b)

Fig. 11: Effect of Gaussian width and defect density on (a)
Efficiency and FF and (b) Jsc and Voc.

problem when it comes to local stoichiometric fluctuation. In
this analysis, CCdTS is assumed to have donor defects with
Gaussian and tail type distributions. The Gaussian and Tail
defect densities are thus varied from 1012 to 1018cm−3eV −1

along with characteristic decay energies over 0.05 - 0.25eV
to analyze the resultant optical and electrical properties of the
cell.

1) Gaussian Distribution: When there is an increase in the
defect density, the performance of the solar cell is expected to
decrease [19], [25]. Fig. 9b shows the I-V curves for variation
in the total density states represented by nGD(cm−3eV −1)
along with the variation in the characteristic decay energy
denoted as WGD (eV). The Isc ranges from 2.5×10−10–5.0×
10−10 A, as shown in the graph and Voc scales between 800
and 1000mV. Also, Figs. 10a and 10b depicts the IQE and
EQE for different nGD with WGD equal to 0.05 and 0.25 eV.
It is noticed that both the graphs follow a similar trend and
a maximum QE of 90% is attained at 400 nm for the least
defect concentration.

Figs. 11a and 11b display the effect of Gaussian de-
fect density on efficiency, Voc, FF and Jsc for the corre-
sponding increase in Gaussian defect density (nGD) from
1012 to 1018cm−3eV −1 for WGD in the range of 0.05-
0.25 eV. It can be inferred from the graphs that there is a
gradual decrease in all four factors with an increase in the
defect density. When the defect density is increased, there is a
reduction in the minority carrier lifetime, and, thus, the carriers
recombine, resulting in an increase in the recombination loss
across the absorbance layer. With the defect density increase
from 1012 to 1018cm−3eV −1, a characteristic decrease in the
Jsc from 25 to 4mA/cm2 was noticed for greater WGD, and

(a)

(b)

(c)

Fig. 12: Comparison of (a) EF, (b) potential and (c) RRs
for variation in different total densities states along with a
variation in the decay energies

Jsc ranges from 25 to 15mA/cm2 for lower value of WGD.
Fig. 12a shows the comparison of EF distribution for the

solar cell with Gaussian defect densities. The graph showcases
two conspicuous spikes at the hetero junctions. One at ZnO-
CdS junction and another at CdS-CCdTS junction. It can
be noticed that the spike at ZnO-CdS junction seems to
have a higher magnitude when compared to the spike at the
CdS-CCdTS junction. WGD and nGD variations indicate an
increase in defect concentration in the material. Defects in
kesterite are mostly caused by disorders or disorientations
in the material during the fabrication process. The purpose
of this investigation was to get insight into the existence
of defects and their tolerated consequences. When there is
a disorder in the material compositions, the EF fluctuates.
Fig. 12b demonstrates the changes in CdS-CCdTS junction
potential. Similar to EF, there is a variation in the potential
too. Fig. 12c showcases the different RRs for different nGD
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(a) (b)

(c)

Fig. 13: (a) I-V curve for Tail distribution and Effect of Tail
width and defect density on (b) IQE, (c) EQE

(a) (b)

Fig. 14: Effect of Tail width and defect density on (a) Jsc and
Voc (b) Efficiency and FF

andWGD values. Higher nGD values seem to have greater
recombination at the CdS-CCdTS junction and vice-versa.

2) Tail Distribution: Another important type of defect dis-
tribution is the exponential tail distribution. Here, the in-
tercept density for the donor type defects is denoted by
nTD(cm−3eV −1) and the characteristic decay energy is rep-
resented as WTD (eV). As aforementioned, when the defect
density is increased it degrades the performance of the solar
cell. Fig. 13a represents the corresponding I-V curves for the
tail type defect distribution with WTD values equal to 0.05
and 0.25 eV with nTD values from 1012 to 1018cm−3eV −1.
The Isc values ranges from 2.5 × 10−10–5.0 × 10−10, as
shown in the graph, and Voc scales over 800 - 1000 mV
when Isc is 0. Figs. 13b and 13c demonstrate the IQE and
EQE characteristics of the solar cell with tail type defect
distribution. Other characteristics were also studied and Figs.
14a and 14b represent the effect of Tail defect density on
Efficiency, Voc, FF, and Jsc for the corresponding increase in
the tail defect density (nTD) from 1012 to 1018cm−3eV −1

for WTD being in the range of 0.05-0.25 eV. When taken a

(a)

(b)

(c)

Fig. 15: Comparison of (a) EF and (b) Potential (c) RRs for
variation for Tail distribution

closer look, it can be perceived from the graphs that there
is a decrease in all these parameters with an increase in the
defect density. With the defect density being increased from
1012 to 1018cm−3eV −1a potential decrease in the Jsc from
25 to 13mA/cm2 was noticed for different values of WTD.
It can also be noticed that, there is no significant effect on the
functionality of the solar cell when the Tail defect density is
less than 1015cm−3. Thus, it can be concluded that CCdTS
solar cells with Tail defect densities lesser than 1014cm−3

pose to be beneficial.
Fig. 15a shows the EF in the solar cell after the addition

of tail distributed defect densities. The graph showcases two
clearly evident spikes at the hetero junctions. It can be
observed that the spike at ZnO-CdS junction is greater in
magnitude when that at the CdS-CCdTS junction. It is evident
from the graph that there is a characteristic change in the
EF at the CdS-CCdTS junction when tail distributed defects
were introduced. Fig. 15b demonstrates the variations in CdS-
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CCdTS junction potential. In the same manner as that of EF,
there are some changes in the potential characteristics of the
solar cell. Fig. 15c showcases the variations in the RRs by
varying nTD and WTD values. It was noticed that greater
nTD values seemed to have greater recombination at the CdS-
CCdTS junction and the lesser ones had comparatively low
RRs at the junction.

IV. CONCLUSION

A Cu2CdSnS4 based thin-film solar cell was simulated
using SILVACO TCAD. Such physical parameters as thick-
ness, doping concentration and material defects were varied
in order to study the behavior of the solar cell under dif-
ferent constraints. The variations in the optical and electrical
properties like Jsc, Voc, performance efficiency, EF, RR, QE
etc. were analyzed and conclusions were made. It can be in-
ferred that the optimized model with CCdTS absorbance layer
thickness of 2µm can have a suitable doping concentration
of 3 × 1017cm−3. This optimized model resulted in a char-
acteristic performance efficiency of 21.2%. Apart from this,
donor defects were introduced to the CCdTS layer to examine
the characteristics of the cell when the defects followed the
Gaussian and tail distribution pattern. It was observed that
introduction of defects with higher defect density significantly
reduced the performance efficiency of the solar cell. Thus,
it was deduced that any CCdTS based solar cell with the
absorbance layer defect density less than 1013cm−3eV −1 can
yield a desirable performance efficiency. This research work
can be further developed with the introduction of advanced
concepts like Quantum dots, Quantum well, nanowires, etc. to
achieve greater efficiencies.
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