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Fabrication of P-Channel CMOS Perovskite
Nanomaterials of Sr o5 Mn o5 Doped with PSB
for High Efficient Energy Harvesting Photovol-
taic Devices

Dr. Vinayak Adimule*, Dr. Shwetarani R?, Miss Anusha Suryavanshi 3, Mr. Adarsh HJ *,

Abstract— In this research work a set of different compositional perovskite nanocomposite inorganic hybrid materials of Sr 0.5 Mn 0.5 (p-type) has
been synthesized by co precipitation method using CTAB (cetyl trimethyl ammonium bromide) as surfactant, PSBs (pyridine Schiff base derivatives) 2-
5% doped to the inorganic matrix. both the material was fabricated over titania dried ITO-Glass by RF spluttering and copper is deposited for the top
contact and each of ITO-Glass is studied for the PCE parameters using solar simulator in dark and light illumination. Method: Inorganic Sr0.5 Mn0.5
nano compositional hybrid materials were prepared by co precipitation method, purified by washing with ethanol water mixture and the materials p-type
and n-type were fabricated using spin coating and top contact is established by copper using RF sputtering. Initially characterized by cyclic voltammetry
(CV), SEM and UV-Visible experiments. Studies related to power conversion efficiency (PCE) was measured with solar simulator to find the Pmax, Pmin,
Vmax, | max, Jsc, and FF in dark as well as illuminated light source of frequency from 550 to 610 nm. Findings: Initial spectroscopic studies of CV
showed the +ve oxidation potential for the p-type acceptor material and —ve oxidation potential showed for n-type material. UV-Visible studies showed
the absorptive maxima for the doped perovskite nanomaterial is around 550-610 nm. FTO/TiO2/ Sr 0.5 Mn 0.5 /PSB is good photovoltaic performance
under illumination with standard AM 1.5 sunlight. we obtained short circuit photocurrent densities as Jsc = 26.8 mA/cm2 and open circuit voltage Voc =
0.97 V , fill factor FF = 0.68 and a power conversion efficiency (PCE) of 10.60% under solar light intensity flux of 100 mW/cm2. The results of the present
work suggest a route to realize a simple, low cost and highly efficient perovskite photovoltaic device. These devices could be realized in miniaturized

sensors and electronic components applied in Internet of Things (IoT).

Index Terms — Nanocomposite, Flexible Device, Photovoltaic, Solar cell, Perovskite, IOT, Fabrication

1 INTRODUCTION

The energy has become an important in everyday life with
increase in the population of world. The inevitable accelera-
tion leads to its demand since, fossil fuel resources will even-
tually be depleted. Most of the energy used is currently de-
rived from oil and coal [1]. Additionally coal combustion pro-
duces toxic nitrogen oxides and sulfur oxides as well as air-
borne particles [2]. Fossil fuels are also greenhouse gas emit-
ters [3]. The greenhouse effect is the gradual heating of the
earth due to increases in the concentration of a small portion
of atmospheric gasses. These gasses, including water vapour,

certain organic halides, and most crucially carbon dioxide [4-

8], absorb reflected incident solar radiation that would other-

wise pass back into space, and reemit the energy in the form of

infrared radiation [8-12]. With the irresponsible or ignorant to
take advantage of both materials, hybrid nanocomposites of
inorganic semiconductors and conducting polymers are of

great interest [13-15],

Especially as candidates for photovoltaic-cell materials, where
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the combined absorption band of both materials can also bet-
ter harvest sun light. With this concept, conducting polymers

have been combined with different inorganic semiconductors
[16-18].

The current photonics based devices demand flexible opto-
electronic components [19] that could be widely used in port-
able photovoltaics [20], display devices [21], flexible cell
phones [22] and biosensors [23]. These materials are used for
non-volatile switching memory device applications [24] and
high-density data-storage devices. Thus, the energy harvesting
ability of organic doped with inorganic materials with other
device applications could prove a key enabler to the IoT, In
addition, photo-induced charge separation mainly takes place
at the interfaces between inorganic semiconductors and con-
jugating organic hybrid materials, where electrons are injected
from the PSB organic into inorganic p-type semiconductors
and holes remain in the PSBs. Actually, this interfacial charge
separation can act some extent to prevent the recombination of
separated electrons and holes.

2 MATERIALS AND METHODS

The material required for the synthesis are procured from
Sigma Aldrich, spectrochem, SD-fine chemicals and used
without purification. The FTO-Glass plates of 10-20ohm and
dimension of 25 mm x 25 mm were procured from MG super
lab Pune, the deposition of the top contact is done using RF
spluttering instrument and semiconductor IVC measurements
were carried out CENSE, IISc, Bangalore with the pellet size of
100 to 500 mm thickness. The solid supported SEM-EDX has
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been done to closely understand the fusing of the material
structures of p and n type of the materials. FTO glass sub-
strates were cleaned in ethanol and deionized water and a
sonicated. Anodes were fabricated on the FTO substrates by
spin coating a drop of either nanoparticle in suspension as it is
purchased, or semiconductor powder prepared as suspension.
The spin coating was done at the rate 3000 rpm.

3 EXPERIMENTAL TECHNIQUES
3.1 Synthesis of Sr 45 Mng s doped with PSB

The equimolar concentrations Inorganic perovskite semicon-
ductor Sr 0.5 Mn 0.5 was prepared by co precipitation method
involving strontium carbonate and manganous sulphate re-
duced in presence of CTAB (cetyl trimethyl ammonium bro-
mide) in reflux condition at 80-100° C as capping agent under
acidic condition, precipitate was obtained which was washed
thoroughly by water and the isolation is done by forming ge-
latinous network with NaOH and purifying it with ethanol
water mixture. The pyridine Schiff base derivatives has been
synthesized as described in figure 7 is made it in the form of
hydrochloride and 2-5% of it is doped to the powdered nano-
composite material. The perovskite doped thin films were
then deposited over FTO substrates by spin coating technique.
The process is done repeatedly for the completeness of thin
layer formation. About 120 pl solution was used to prepare the
spin coated thin films at approximately 3000 rpm for 20s,
which were then annealed at 100°C for 15 min for each of the
FTO plates. The perovskite films and powder of Sr 0.5 Mn0.5
and doped PSB were characterized by XRD, UV-visible spec-
troscopy, cyclic voltammetry and SEM measurements. Finally,
the Sr 0.5 Mn0.5 doped with PSB was employed as an absorber
in a “hole-conductor free’ photovoltaic device in miniaturation
in IOT.

3.2 XRD analysis

Powder X-ray diffraction (XRD) measurement on the thin
films was performed using Cu Ka radiation. The diffraction
pattern for thin film Sr 0.5 Mn0.5 and doped with PSB is given
in Fig.1. Most of the peak positions could be assigned to a te-
tragonal perovskite lattice structure using the crystal structure
determination software powder-X.28 Using the Bragg-
equation n\ = 2dsin® to find the inter-planar spacing d for
peak positions (20) in the XRD data, lattice parameters were
calculated by the formula 1d1d=h2+k2a2+12c2h2+k2a2+12¢2,
and found to bea=b =9.661 A and c = 13.564 A. The rest of
the peaks could be attributed to the FTO substrate. A grain
size of 35 nm was calculated using the Debye-Scherrer formu-
la(t=KAPcosO)(t=K\Bcost) where Kis a dimensionless factor
close to unity, A is the X-ray wavelength, p is the Full-Width at
Half-Maximum and 0 is the Bragg angle. Depending on the
particle size, crystallinity. The semi-amorphous and the do-
main size can be significantly smaller. The diffraction pattern
obtained above shows that Sr 0.5 Mn0.5 doped with PSB has
good crystallinity.

3.3 SEM Spectral data of the Compounds

Scanning electron microscopy (SEM) studies of Sr 0.5 Mn0.5
perovskite nanomaterials were carried out by SEM measure-
ment as shown in figure 2. SEM was performed using a Zeiss
(Gemini 1550) microscope with a field emission electron
source. The perovskite powder was obtained by drying a
small amount (2 ml) from each of the two concentrations on a
hot plate at 100°C. The average size of the crystallites was
found to be ~50 nm, which matches the value obtained from
XRD.
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Fig.1. XRD patterns of the synthesized (a) Sr 0.5 Mn0.5 and (b) Sr 0.5
Mn0.5 doped with PSBs

Fig. 2. SEM images of (a) Sr 0.5 Mn0.5 perovskite nanomaterials (b) Sr
0.5 Mn0.5 doped with PSB nanocomposite materials

3.4 Electrical characterization of fabricated photovolta-

ic device
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Fig. 3. J-V curves of the a) Sr 0.5 Mn 0.5 b) Sr 0.5 Mn 0.5 doped with
PSB based on the different concentrations of PSB photoanodes.
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Fig. 4. J-V curve (a) Sr 0.5 Mn 0.5 doped with PSB based anodes (b) UV-
visible wavelength of absorption Sr 0.5 Mn 0.5 doped with PSB based
anodes

The current-voltage (I-V) characteristics of the perovskite de-
vices were plotted in Fig. 4 .The I-V measurements were made
using a Keithley source meter by applying an external poten-
tial bias to the cell and recording the generated photocurrent.
The working and counter electrodes of the cell were connected
to the source meter, and the cell mounted in the solar simula-
tor. A 350 W Xenon lamp equipped with a sun filter (DC 350
Autosys) was used as a light source and a light intensity corre-
sponding to one sun AM 1.0 (100 mW/cm2) was used to illu-
minate the cell surface.

4. APPLICATIONS OF PHOTOVOLTAIC CELLS

4.1 Gas Sensor Microchip Construction
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Fig. 5. Scheme of the constructed sensor microchip (gas sensing device).

A polyacrylamid plate (1 mm x 50 mm % 70 mm) was used as
a base material of sensor device (microchip). Two copper
comb electrodes were deposited on one side of the plate by the
copper electroless process. The surface of copper electrodes
was covered by gold electroplating. Figure 5 shows the
scheme of gas sensing device.

We dispersed 0.2 g optimized Sr 0.5, Mn 0.5 doped with PSB
nanocomposite in 5 ml acetone by ultrasonic shaking for 2 h to
obtain a homogenous suspension (slurry). The surface of mi-
crochip was fully covered by the homogenized slurry. The
microchip was kept in 100 °C for 10 min to evaporate the sol-
vent to form a nanostructured thin film on the surface of the
microchip. The coated microchip was cured at different tem-
peratures (110, 120 and 130 °C) for 2 h to determine a suitable
cohesion temperature of the Sr 0.5, Mn 0.5 doped with PSB
nanocomposites, enabling them to adhere to one another and
to the microchip surface.

The cured microchip was input into a glassy cubic box of 32 L
total volume. A small electric fan was used to make fast ho-
mogenization of the gas mixture in the box. The different vol-

umes of some gases, such as NH3, 02, H20, CO, H2, and LPG
were injected into the box, and the sensor resistance was
measured.
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Fig. 6. The sensor response for different concentrations of various gases
at temperature of 128 °C.

The effect of variations in O2 concentration was investigated
on the sensor resistance at 25, 65, and 130 °C and the linear
range of the obtained results were represented in Fig. 6. It is
obvious in Fig. 6, by increasing the measuring temperature,
the sensor ability is increased.

For more clarifications, the linear ranges of the sensor re-
sponse versus oxygen concentration were shown in Fig. 6. As
we see in this figure, by increasing the measuring tempera-
ture, the linear range and the response sensitivity (the slope of
calibration curve) are improved. It should be mentioned, at
higher temperature the substrate of microchip shrink. At tem-
perature of 130 °C, the curve shows a maximum slope and
consequently, the most sensitivity to oxygen.
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Fig. 7. Synthetic Pathway of the Pyridine Schiff base derivatives

Table 1. Results of sensor application for measurement of O,
in presence of CO, N, and LPG

Experiment No Initial Concentra- | Resulted Concen-
tion of oxygen | tartion of oxygen
(ppm) (ppm)

1 8 8.04

2 8 8.07

3 8 8.12

4. RESULTS AND DISCUSSIONS
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In this work we have synthesized the hybrid organic-inorganic
perovskite semiconductor material and studied it by structur-
al, optical and morphological characterization techniques.
Figure 3 and 4 shows the ]J-V curves of the interconnected
grid-type perovskite modules and the corresponding J-V pa-
rameters are summarized in Table 1. For comparison, the in-
dividual J-V curve of is also measured by masking either
the left or the right part of the module, using a piece of black
plastic. From Table 1, it is seen that the open circuit voltage
(VOCQ) of the entire module is 2.17 V, the short circuit current
(ISC) is almost 320 mA, the fill factor (FF) is 0.68 and the pow-
er conversion efficiency (PCE) reaches 10.60 which indicates
that the fabrication process is stable and reproducible. Perov-
skite materials and techniques involved are not limited to per-
ovskite solar cells only, but these meet the requirements of
potential electronic materials and their fabrication which will
produce elastic, fracture-proof, light weight and environment
friendly power sources in indoor customer electronics, flexible
photovoltaics, bio-sensors and bio-medical devices.

5. CONCLUSION

A new series has been developed with hybrid organic-
inorganic perovskite semiconductor p-n composite material of
good performance. Solar cell performance tests indicate that Sr
0.5 Mn0.5 5% PSB the sensitized solar cell is better than the
DSSC sensitized solar cell with highest PCE of 10.60%. Good
photoelectric performance. (i) Increase in contact area between
mesoporous TiO2 and FTO substrate via the perovskite layer,
(ii) effective hole-blocking perovskite by the TiO2 layer, (iii)
the presence of effectively continuous electron pathways with-
in the TiO2 layer, and (iv) reduced leakage of carriers by the
perovskite which prevents direct contact between the Sr 0.5
Mn0.5 PSB absorber and the conducting substrate. This study
establishes the significance of the introduction of the compact
layer in improving device efficiency.
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TABLE 1

Table 1: The photocurrent density (Jsc), open-circuit
voltage (Voc), fill factor (FF) and efficiency of per-
voskite and doped pervoskite working electrodes

Sample Jsc (MA/em2) Vo (V) FF (%) n (%)
ST o5 MNos 104 038 029 235
SrosMnes2% PSB 184 055 034  4.69
SrosMnes3% PSB 206 066 049  7.60
SrosMnes4%PSB 228 087 050 810
SrosMns5% PSB 266 097  0.68  10.60
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