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Abstract. Tin sulphide (SnS) thin films deposited using nebulizer spray pyrolysis technique by changing pressure (0.1,
0.15, 0.2 and 0.25 Pascal) at 350◦ C and their characterization are reported. The influence of carrier gas pressure on structural,
morphological, optical and electrical properties of the film are determined using X-ray diffraction (XRD), energy-dispersive
X-ray, atomic force microscopy, UV–Vis spectrophotometry and Hall effect measurement. Structural parameters such as
pole density, orientation factor, crystallite size, micro strain and dislocation density were analysed using XRD data. The
scanning electron microscopy studies display superior morphology and surface roughness of the films which were found to
increase with pressure. Optical studies on the films revealed a variation in band gap from 1.78 to 1.66 eV for were the raise
of pressure from 0.1 to 0.2 Pa. A single strong emission peak at about 825 nm is observed in photoluminescence spectra with
enhanced intensity which may be attributed to near band edge emission. Grown SnS thin film exhibits p-type conductivity,
which was confirmed from the Hall effect measurement. The low resistivity and higher carrier concentration are found to
be 0.235  cm and 5.04 × 1018 cm−3 , respectively. These properties were then correlated with the deposition parameters.
Furthermore, to study the photovoltaic properties of SnS thin films, a heterojunction solar cell FTO/n-CdS/p-SnS/Al was
fabricated showing conversion efficiency of 0.16%.
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1. Introduction
Tin sulphide (SnS) belonging to group IV–VI semiconducting chalcogenides considered as one of the most successful
materials for solar photovoltaic (PV) and optoelectronic applications [1]. Albeit its excellent achievements, some problems
remain to be solved. There are a lot of concerns of cadmium,
gallium and indium-based devices on environmental suitability, availability and toxicity [2]. Compared to other inorganic
compound semiconductors, SnS is more suitable for solar cell
and other applications. SnS possesses reasonable optical and
electrical properties, such as transparency and narrow band
gap [3]. It is used as an absorber layer for PV cells [3,4].
The theoretical study also shows that a conversion efficiency
of 25% can be obtained by using SnS in solar cells. SnS is
an advanced material because it has high potential in manufacturing devices [5]. SnS has some characteristics, such as
(i) high absorption coefficient near the fundamental absorption edge as that of CdTe, (ii) band gap lies in between GaAs
(1.43 eV) and Si (1.12 eV), (iii) non-hazardous in nature and
(iv) both the component materials tin and sulphur are plentiful

and not expensive [6]. This nature of SnS makes it a suitable
material for thin film solar cell with CdS [6,7] and ZnO [8] as
window material with a broad band gap. The p-type conductivity of SnS is due to the formation of tin vacancies which are
shallow acceptors. The S-vacancy on Sn acts as donor which
plays a considerable role in PV properties [9].
Many different methods have been utilized for the fabrication of SnS layers such as atmospheric pressure chemical
vapour deposition [10], chemical bath deposition [11], spray
pyrolysis [12], electrodeposition [13], thermal evaporation
[14], electron beam evaporation [15], d.c. magnetron sputtering [16], atomic layer deposition [17] and successive ionic
layer adsorption and reaction [1,18]. Knowledge about the
material and well known device designs pave the way to SnS
related solar devices with efficiency > 10% [8]. From our literature survey, we did not find any reports on the influence
of carrier gas pressure on the structural, physical, optical,
electrical and PV properties of SnS films coated on glass
substrate by the nebulizer spray pyrolysis (NSP) method.
In this work, we systematically investigated the influence
of carrier gas pressure on the structural, physical, optical,
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electrical and PV properties of SnS films grown by the NSP
method.
2. Experimental
Tin sulphide (SnS) thin films were deposited on glass substrates using the NSP technique. The precursor solution consisted of tin(II) chloride (SnCl2 ) and thiourea (CS(NH2 )2 ). A
1:1 molar ratio of tin and thiourea of each 0.1 M were dissolved in 10 ml of de-ionized water. A few drops of HCl were
added for complete dissolution of the precursor. Compressed
air was used as a gas carrier in the nebulizer spray to produce
fumes. The precursor solution was sprayed onto the glass substrates at different pressure rates as 0.1, 0.15, 0.2 and 0.25 Pa,
to produce highly crystalline, optical quality and low resistive
SnS thin films. All other deposition parameters, such as substrate temperature (350◦ C), the nozzle to substrate distance
(50 mm), precursor concentration (1:1 M) and the volume of
precursor solution (10 ml) were optimized and kept constant.
The nebulizer spray gun was equipped with a microprocessor controlled stepper motor system which moved it in the
x − y direction to attain much uniformity of the films. After
deposition, the films were permitted to cool down to room
temperature and then the films were removed from the heater.
2.1 Characterization
Deposited SnS films were characterized to investigate the
structural, surface (morphological and compositional analysis), optical and electrical properties. The thickness of the
sample was analysed using a Stylus profilometer (Mitutoyo
SJ-301). The structural analyses of the films were performed
using X-ray diffractometer (PAN analytical X’Pert PRO) with
CuKα1 radiation in the Bragg angle range of 10 − 80◦ . The
compound formation was further confirmed using Raman
analysis (STR 500 mm focal length laser Raman spectrometer). Morphology of the films was analysed using a scanning
electron microscope (SEM) (EVO 18 ZEISS) and EDAX
spectra were used to analyse the elements present in the film.
A double-beam UV–Vis–NIR spectrophotometer (Lambda
Perkin Elmer) was used in the range of 300–1100 nm, to
measure the transmittance and absorption spectra of the films
and to calculate the optical band gap of the films. The photoluminescence (PL) spectra of the films were studied using
a PerkinElmer Ls-55 spectrofluorometer. A Keithley interactive digital source-meter (model-2450) was used for the Hall
measurements and I –V characterization of SnS thin films.
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increase in thickness from 740 to 850 nm for the increase
of carrier gas pressure from 0.1 to 0.2 Pa. The crystalline
quality of the films prepared using different carrier gas pressures was characterized by X-ray diffraction (XRD) analysis,
and the patterns are shown in figure 1. The diffraction peaks
presented in the patterns show that the films exhibit preferential orientation and is in agreement with JCPDS card no.
65-2610 of SnS. It also shows that the fabricated films possess an orthorhombic structure with polycrystalline nature
and strongly oriented along the (210) and (111) directions.
The other diffraction peaks correspond to (301), (211), (311),
(202), (610) and (222) orientations. These structural data are
also in agreement with the SnS films prepared by spray technique [19]. The intensity of the peaks is increased with the
increase in carrier gas pressure from 0.1 to 0.2 Pa. It indicates
that there is an improvement in layer orientation and crystalline quality. The higher peak intensity at 0.2 Pa of carrier
gas pressure indicates the improved crystalline quality of the
films [20]. The increased thickness and crystalline size may
be attributed to the increase in the number of particles reaching the substrate inside the tubular furnace, which leads to the
enhanced chemical reaction rate in the droplet. However, on
further increase of pressure from 0.2 to 0.25 Pa, the intensity
of the peaks decreased, which indicates that the crystalline
quality of the film is slightly decreased. These results indicate
that increase of carrier gas pressure degrades the crystalline
quality of the film which may be attributed to high pressure
at which the solute particles bounce and scatter instead of
being adsorbed on the surface [21]. Similarly, the grain size
is also controlled by the early nucleation of the island which
depends on the pressure rate. Therefore, on optimal carrier
gas pressure might be useful for the formation of nuclei or
the amalgamation of large number of nuclei to form large
grain size [22].
The texture value of deposited SnS films was estimated by
the Harris method [23,24]. The pole density (Pi ) was calculated by using the following equation [23]:
Pi =

(Ii /Ioi )
,
N
(1/N ) i=1
Ii /Ioi

(1)

where Ii and Ioi are the total intensities of diffraction and
reference peaks of the film, respectively, and N is the number
of peaks present in the XRD pattern.
Orientation factor was calculated using the equation below
[24]:


N
1 
(Pi − 1).
(2)
f =
N i−1

3. Results and discussion
3.1 Structural studies
3.1a XRD analysis: The thickness of the deposited films
was measured using Stylus profilometer which showed an

Calculation by inverse pole figures method was done using
the plane (210) for texture growth analysis of the SnS films.
The texture growth along the (210) plane direction was well
matched with the earlier reports of SnS thin films [23,25].
The texture growth of the SnS film showed high value and is
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Figure 1. XRD pattern of SnS thin films prepared at different pressures.
Table 1. Results of the calculation for the texture pole density (Pi ) and
orientation factor ( f ).
Pressure (Pa)
0.1
0.15
0.2
0.25

hkl

Pole density (Pi )

Orientation factor ( f ) (a.u.)

210
210
210
210

1.05
1.12
1.78
1.27

0.032
0.069
0.45
0.15

given in table 1. Film deposited at 0.2 Pa pressure rate shows
orientation factor of 0.45. For a further increase of pressure
by 0.25 Pa, the growth texture of the layers decreased slightly
to 0.15 and this trend of change is similar to the report by
Voznyi et al [23].
To calculate the crystallite size (D) of SnS film the XRD
profile information was used in Scherrer equation below [20]:
D=

kλ
,
β cos θ

(3)

where k is a constant equal to 0.94, β full width at half
maximum value of XRD peak, λ the wavelength of X-ray
(1.5406 Å) and θ the Bragg’s angle. This showed an increase
of crystallite size from 22 to 33 nm for the increase in pressure
rate from 0.1 to 0.2 Pa, respectively. On further increase in
pressure rate from 0.2 to 0.25 Pa, the crystallite size decreased.
However, the high pressure-induced disturbances can also

liberate the particles from the substrate surface. So, at higher
pressure, this desorption is increased causing decreased number of crystallites and also thickness of the film. This decrease
of crystallite size with pressure increase is also witnessed by
XRD studies.
The microstrain (ε) of the SnS film was estimated using the
below equation [22]:
ε=

β cos θ
.
4

(4)

The microstrain (ε) values of the coated films decreased gradually on increasing pressure from 0.1 to 0.2 Pa as shown in
table 2. This enhances the crystallinity due to regular arrangements of atoms in the crystal lattice at 0.2 Pa pressure rate.
On further increasing the pressure rate from 0.2 to 0.25 Pa,
the strain increased. This result attributes the adverse effect
of pressure on nucleation leading to poor crystallinity of the
film for 0.25 Pa pressure rate [26].
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Table 2.

Structural parameters of deposited SnS thin films at various pressures.

Pressure (Pa)
0.1
0.15
0.2
0.25

Thickness (nm)

Crystallite size (nm)

Strain (ε × 10−3 lines−2 m−4 )

740
790
850
830

22
27
33
28

6.6
5.4
4.4
5.2

Figure 2. Raman spectra of SnS thin films at different pressures.

3.1b Raman analysis: Raman spectra of SnS films
obtained in the wave number range of 50–500 cm−1 at room
temperature are shown in figure 2. All the films exhibited Raman peaks corresponding to SnS. The predominant
Raman longitudinal optical (LO) and transverse optical (TO)
modes are in the frequency region of 50–500 cm−1 . The peaks
observed at 95, 165, 191 and 219 cm−1 are linked to a variety
of optical phonon modes of the SnS phase, which is in harmony with the reported data by Sinsermsuksakul et al [27].
The peak presented at 191 and 219 cm−1 are assigned to the
LO Ag mode, whereas the other peak 95 cm−1 is assigned
to the TO Ag mode. These Ag (TO) and Ag (LO) modes are
nearer to the Raman mode reported by Reddy et al [28]. The
observed B2g optical Raman modes at 165 cm−1 is attributed
to the SnS phase, which matches with the Raman data reported
by Srinivasa Reddy et al [29]. There are no bands corresponding to the secondary phases of Sn and S observed in

the spectrum. This result confirms that the films grown at
various pressures are pure without any impurities such as SnS2
and Sn2 S3 . Thus, the Raman studies along with XRD confirm
the single phase of SnS films fabricated by the NSP technique.
3.2 Surface analysis
3.2a SEM and composition analyses: SEM micrographs
for SnS thin films are shown in figure 3a–d. It shows
that the films are uniform without any cracks and pinholes. The surface morphology was found to be affected
by carrier gas pressure. The films are densely packed with
crystallites and grow with different sizes in the same directions. From figure 3a and b, it is clearly seen that the
film consists of fine-grains with nanometre-sized particles.
Figure 3a shows the samples prepared at 0.1- Pa formed
polycrystalline needles. This type of formation was also

Bull. Mater. Sci. (2019) 42:100

Page 5 of 13

100

Figure 3. SEM image and EDAX spectrum of SnS thin films prepared at different pressures: (a) 0.1, (b) 0.15, (c) 0.2, (d) 0.25 Pa
and (e) EDAX spectrum of 0.2 Pa film.

observed by Sajeesh [22] for SnS thin films prepared by a
chemical spray pyrolysis technique. As shown in figure 3b,
SEM characterization of the film deposited at 0.15 Pa pressure revealed petal-shaped particles containing no pores and
voids [30]. The film shown in figure 3c was deposited at 0.2 Pa
pressure rate and revealed a fine spherical-shaped grains with
smooth surface along with larger agglomeration of grains for

the films deposited at 0.1 and 1.5 Pa pressure rate. Figure 3d
shows the film deposited at 0.25 Pa pressure rate with small
spherical-shaped particles. The grain size increased as the
carrier gas pressure increases from 0.1 to 0.2 Pa. Thus, the
increase in pressure promotes the grain growth and sintering
of the film. This observed morphology of the SnS electrode displays a high surface area of the films, which can be
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Figure 4. AFM images of SnS films deposited at different pressures: (a) 0.1, (b) 0.15, (c) 0.2 and (d) 0.25 Pa.
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advantageously used in hybrid inorganic–organic solar cells
[31].
Energy-dispersive X-ray (EDX) analysis was conducted to
understand the elemental composition of the film. Figure 3e
exhibits the usual EDX spectrum of SnS thin film deposited
using 0.2 Pa pressure rate. Atomic composition of the films
derived from EDX results are shown in figure 3e. From the
figure, the atomic ratio (S/Sn) of the film shows a nearly stoichiometric ratio [32]. The extra peaks displayed in the EDX
spectrum other than Sn and S peaks are due to the glass substrate (Si) and solvent of the precursor solution [33].
3.2b AFM analysis: Figure 4 represents the 2D and 3D
atomic force microscopy (AFM) images of different SnS thin
films of area 3 μm × 3 μm. These images clearly show the
interdependence of mean grain size and surface roughness
on the carrier gas pressure change. The surface mean grain
size and roughness increase with increasing pressure. The
films deposited with 0.2 Pa carrier gas pressure show high
roughness (34 nm) with uniformly distributed grains. The surface roughness and mean grain size increase with increasing
pressure which is due to the increase in film thickness. The
root-mean-square (RMS) roughness of the film varies from
19 to 34 nm with the raise in carrier gas pressure from 0.1 to
0.2 Pa. Further increase in pressure by 0.25 Pa reduces the
roughness of the film slightly to 32 nm. A similar effect of
increase in roughness value with increase in thickness has
been observed in SnS [29] and In2 O3 [34] thin films. The
improvement of surface roughness with pressure is again
ascribed to the increase in thickness of the films. Owing to the
carrier gas pressure, the grain boundary density increases due
to the growth of smaller grains, which increases the height of
the grains on the film surface. The RMS surface roughness
and the grain size values are reported in table 3. Therefore, it is
evident that the grain size and the surface roughness changes
are due to change in carrier gas pressure used for the preparation of the thin films using the NSP method.

3.3a UV–Vis–NIR spectroscopy: The change in optical
transmittance (T ) with the incident wavelength (λ) for the
SnS thin films prepared with different carrier gas pressures
is shown in figure 5. It is seen that the transmittance of the
film increases for higher wavelength and found to decrease

Table 3. Roughness and grain size of SnS films deposited at
various pressures.
Pressure (Pa)
0.1
0.15
0.2
0.25

with the increase in pressure from 0.1 to 0.2 Pa. With the
additional increase in pressure (0.25 Pa), the transmittance also increased. In the NIR spectral region, reflection
decreases during transmission, signifying that the light reduction occurred due to scattering [35]. In the absorbance spectra
observed in the wavelength region of 500 to 1100 nm shown
in figure 6, a noticeable increase in the absorbance value of
fabricated films with increase in carrier gas pressure from 0.1
to 0.2 Pa. With further increase in the pressure, the absorption
of the film is slightly decreased.
The direct optical band gap (E g ) of the film can be evaluated using the equation for the allowed absorption coefficient
in a direct gap semiconductor. A plot is derived from the
expression [36]
(αhν)2 = A(hν − E g ),

Roughness (nm)

Grain size (nm)

19
25
34
30

26
31
37
32

(5)

where h, ν and α are Planck’s constant, photon frequency and
the absorption coefficient, respectively, E g is the band gap
and A is proportionality constant. The band gap calculated
from figure 7 shows a decrease from 1.78 to 1.66 eV for
the increase in carrier gas pressure from 0.1 to 0.2 Pa. This
decrease of band gap indicates an improvement in thickness
and crystallite size of the films with respect to increase in
carrier gas pressure which causes a variation in the density of
localized states. On further increasing the pressure (0.25 Pa),
the band gap of the film increased to 1.73 eV. It is in close
agreement with the direct allowed band gap values reported
by Nair et al [37] (1.66 eV) and Jain et al [38] (1.78 eV),
respectively. Specifically, the band gap depends on thickness
[29]. However, from the present work, it is observed that the
variation in direct band gap with respect to carrier gas pressure
is due to the increase in film thickness.
The optical constants, such as refractive index (n) and
extinction coefficient (k) of SnS thin films were evaluated
using the following equations [39]:
n 2 = N + (N 2 − n 2a n 2s )1/2 ,

3.3 Optical analysis

100

(6)

where
N=

(n 2a + n 2s )
+ 2n a n s T,
2

n a , n s and n are the refractive indices of air, substrate and
the SnS films, respectively. T is the transmittance value at a
particular wavelength:
k=

aλ
,
4π

(7)

where a, λ and k are the absorption coefficient, wavelength
and the extinction coefficient, respectively. Figure 8 shows
the variation of both n and k of SnS films deposited with
varying carrier gas pressure. The refractive index of the films
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Figure 5. Transmittance spectra for SnS thin films prepared at different pressures.

Figure 6. Absorption spectra for SnS thin films prepared at different pressures.

is increased with the change in carrier gas pressure from 0.1
to 0.2 Pa and with a further increase in pressure (0.25 Pa),
the refractive index of the film decreased. The extinction

coefficient of the films varied in the range from 0.45
to 0.61 with a change in the carrier gas pressure. The
maximum extinction coefficient value obtained around 500
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Figure 7. (αhν)2 vs. (hν) plot for SnS thin films prepared at different pressures.

Figure 8. Refractive index (n) and extinction coefficient (k) of SnS thin films at different pressures.

nm is similar to the value reported by El-Nahass et al
[40].
3.3b PL spectra: PL analysis is an appropriate method
to find the crystalline quality and the presence of foreign
elements in the material. Figure 9 displays the PL spectra
of SnS films recorded in the wavelength range from 700 to
900 nm with photon excitations at 550 nm, respectively. For

excitation at 550 nm, an intense peak was observed at about
825 nm, corresponding to energy ∼ 1.50 eV which may be
due to near band edge emission and is a little higher than the
band gap estimated from UV–Vis data. The PL spectra did
not exhibit any deep level emission peaks which confirm that
the prepared SnS thin films did not have any defects [41].
The origin of a sharp emission peak around 825 nm is due
to the emission from vacancies and that of defects which are
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Figure 9. PL spectrum of tin sulfide (SnS) thin films deposited at different pressures.
Table 4.

Electrical properties of SnS films deposited at various pressures.

Pressure (Pa)
0.1
0.15
0.2
0.25

Resistivity
( cm)

Conductivity
(−1 cm−1 )

Carrier concentration (cm−3 )

2.25
0.512
0.235
0.629

0.444
1.953
4.255
1.589

8.54 × 1017
3.15 × 1018
5.04 × 1018
2.27 × 1018

essential for growth, i.e., interstitial and stacking faults. All
defect related bands emerge a lot higher than the band gap.
Ghosh et al [42] also reports that the PL band in SnS (at
550 nm) with a larger energy than the band gap. The intensity
of the band edge emission peak enlarged with an increase in
carrier gas pressure. This observation is in strong agreement
with the XRD pattern in which the intensity of peak increased
with increase in carrier gas pressure.

4. Electrical properties of deposited SnS films
4.1 Hall measurements
Electrical properties of SnS films were studied by Hall measurements using the Van der Pauw configuration. The results
are summarized in table 4. The electrical resistivity of the
nebulizer spray deposited films was decreased from 2.25 to

Mobility
(cm2 v−1 s−1 )
3.24
3.87
5.27
4.37

Type of conductivity
P
P
P
P

0.235  cm for the increase in carrier gas pressure from 0.1
to 0.2 Pa. On further increasing the pressure (0.25 Pa), the
resistivity of the film slightly increased, whereas the pressure
0.2 Pa showed very less resistivity 0.235  cm. This change
of resistivity correlates the changes in the grain size and crystallinity with the carrier gas pressure. Normally, the resistivity
of thin films decreases when the film becomes thicker, due to
less surface scattering of carriers and a trapping centre in the
grain boundaries as the film is packed densely with thicker
grains causing increase in carrier concentration [26,27]. The
films deposited at 0.2 Pa pressure showed low resistivity of
0.235  cm compared to other pressure rates, a higher value
than in the report by Reddy et al [43]. The conductivity
4.25 (−1 cm−1 ) of the film deposited at 0.2 Pa pressure is
higher than the value reported by Devika et al [44] for thermal
evaporation technique. This higher conductivity is attributed
to the highly crystalline and pure phase of the SnS film,
without any traces of Magneli phases. All the films possess
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Figure 10. I –V characteristics of FTO/CdS/SnS heterostructures for pressure 0.2 Pa. The inset
shows the CdS/SnS heterostructure sample.

Figure 11. Illuminated I –V characteristics of FTO/CdS/SnS heterostructure film.

p-type conductivity which was confirmed from the Hall
measurement. The increase in carrier gas pressure significantly increases the carrier concentration from the order of
1017 to 1018 due to the increase in the film thickness [6].

The increase in carrier concentration is due to the crystalline
improvement of the films as indicated by XRD results. A
similar variation of Hall mobility and carrier density is also
reported for the change of precursor concentration variation

100

Page 12 of 13

Bull. Mater. Sci. (2019) 42:100

[45] and substrate temperature variation [20] in spray
pyrolysis preparation of SnS films.

4.2 I–V characteristics of n-CdS/p-SnS heterostructure
The SnS-based PV cells were fabricated with 0.2 Pa pressure on nebulizer spray deposited CdS/SnS over FTO-coated
glass substrate. The surface of the CdS/SnS film and the
back of the FTO substrate are shown (inset of figure 10)
respectively. The I –V characteristics of FTO/CdS/SnS
heterostructures in the dark and under illumination are shown
in figure 10. The structures present high rectification properties under the dark and light conditions. However, very
strong PV response was detected for the sample despite
several attempts. Due to minority carriers, a minimum value
of current will be produced in the dark, however, after illumination, the current value increases and starts the PV process
and due to charge carriers created by incident photons, the
current is affected. Thin film heterojunction PV device with
the arrangement FTO/n-CdS/p-SnS was primed by nebulizer
spray deposited CdS and SnS with active area about 0.5 cm2 .
Figure 11 depicts the early outcomes on illuminated I –V
nature of FTO/n-CdS/p-SnS PV cell.
The fill factor (FF) is evaluated from the below equation
[46]:
FF = Vm × Im /Voc × Isc ,

Tin sulphide layers were grown on a glass substrate by the
NSP method at 350◦ C by varying the carrier gas pressure
from 0.1 to 0.25 Pa. The grown SnS thin films are single
phase, showing an orthorhombic structure with high intense
(210) and (111) peaks as preferred orientation. The crystallite size of the SnS thin films is about 33 nm for the pressure
of 0.2 Pa. Raman analysis showed high intense peaks at 95,
165, 191 and 219 cm−1 confirming the formation of SnS thin
films. The extinction coefficient of the films varied in the
range of 0.45–0.61 depending upon pressure variation. Both
optical transmittance and energy band gap decreased with
the increase in carrier gas pressure. The films showed a band
gap in the range of 1.78–1.66 eV for the variation of pressure. The surface morphological study showed that the carrier
gas pressure variation changes the grain size and shape of
the grains. AFM images indicate that regular, homogeneous
surface and surface roughness were obtained under these
conditions. The samples deposited with the carrier gas
pressure of 0.2 Pa exhibited a low resistivity of 0.235  cm
compared to other samples. From the electrical studies, a solar
cell of the type FTO/n-CdS/p-SnS was fabricated and a strong
PV response was detected for the 0.2 Pa pressure sample.
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where the Vm and Im are the values of maximum voltage
and maximum current, respectively. The efficiency η (%) is
calculated from the below equation:
η = Voc × Isc × FF × 100/Pinput .
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