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Abstract

Tin dioxide nanoparticles (SnO2 Nanoparticles) are wide-bandgap semiconductor material that can be used in
various applications in photodetector in Ultraviolet (UV) range below 400 nm wave length. In the present work, SnO2
NPs were used as UV sensing material integrated in a sensor setup. The SnO2 NPs were imaged through Transmission
Electron Microscopy from which the diameter of the spherical nanoparticles was measured to be 50nm. The optical
bandgap was calculated from UV-visible spectrograph to be 4.48 eV using Tauc plot. The response of the SnO2 NPs
based photodetector was observed after illumination using a UV light (10 lumen on the sensor). The transition time of
the photodetector was found to be 1 sec and maximum current recorded was 0.1 mA.
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1 Introduction

Photodetectors (PDs) are the most important optoelec-
tronic devices that have sparked a lot of research be-
cause of their exact ability to convert light into electri-
cal impulses(1). It has great potential in applications of
imaging, telecommunication, and biological sensing due to
which the expansion of the photoelectronic sector has in-
creased during the last few decades. Due to some sig-
nificant characteristics of semiconducting materials which
have large band gaps can be used for UV photoconduc-
tivity. Many processes, such as light absorption, carrier
photogeneration, and carrier movement, are involved in
photoconductivity(2). It is commonly recognized that a
typical photodetector needs to have the following character-
istics of “5S”: fast speed, high stability, high spectral selec-
tivity, high signal-to-noise ratio, and high sensitivity(3; 4).
UV-A (wavelengths between 400 and 320 nm), UV-B (wave-
lengths between 320 and 280 nm), UV-C (wavelengths be-
tween 280 and 200 nm), and far UV (wavelengths between
200 and 10 nm, which reaches the X-ray spectral low en-
ergy frontier) are the four spectral regions that are com-
monly used to categorize UV light(5). The ozone layer in
the atmosphere absorbs most of the UV radiation from the

Sun. Wavelengths longer than 280 nm in the sun’s spec-
trum can pass through the atmosphere and reach Earth.
For this reason, ”solar-blind” UV detectors are those that
exhibit great sensitivity to UV-C and far UV radiation in
comparison to radiation with wavelengths longer than 280
nm. UV detectors that are more sensitive to UV-A, UV-B,
UV-C, and far UV radiation than to radiation with wave-
lengths longer than 400 nm are said to as ”visible-blind”
since visible light spans the wavelength range from 400 to
700 nm(4; 5). Wide band gap semiconductors are exten-
sively used in ultraviolet (UV) detectors(1). From vacuum
diodes, photomultipliers(6), and silicon photodiodes to the
third generation of wide band gap semiconductor-based UV
detectors, the study of UV detectors has evolved signifi-
cantly. Nanostructured metal oxide viz. ZnO, SnO2, TiO2,
Cu2O, Ga2O3, Fe2O3, In2O3, CdO, CeO2 etc. (7; 8) semi-
conductors have been presented as a solution for UV detec-
tors with weak signal detection, high quantum efficiency,
low power consumption, and improved responsiveness due
to their distinct physical and chemical features(9). As one-
dimensional nanostructures are low dimensional and there-
fore subject to quantum confinement phenomena, they dis-
play intriguing electrical and optical features(10). Due to
this various structural and morphological forms of tin ox-
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ide (SnO2) 1D nanomaterials have been fabricated over the
past several years, including nanowires(11; 12), nanorib-
bons or nanobelts, and nanorods(13). Also with a wide
band gap of 3.6–3.8 eV, SnO2 is a direct band gap semi-
conductor that exhibits transparency in the visible spec-
trum and a significant exciton binding potential of 130 meV
(14). Additionally, it could be a useful material for UV
photodetectors. Due to their optical and electrical char-
acteristics, SnO2 nanoparticles can be used to develop UV
photodetectors(15). However, research indicates that the
low performance of devices made of pure nanostructured
SnO2 in UV detection is caused by surface imperfections
and the trapping effect of oxygen molecules adsorbed on
the SnO2 NP’s surface(16). As a result, a lot of work has
gone into raising the efficiency of SnO2-based photodetec-
tors. In this work, hydrothermally synthesized SnO2 NPs
was used to design, fabricate and test a UV photodetector.
The NPs were characterized by using TEM and UV Vis
spectroscopy and the Tauc plot was used to estimate the
optical bandgap of the NPs.

2 Experimental Work

2.1 Materials

Tin chloride (SnCl4 � 5H2O), Cetyltrimethylammonium
bromide (C16H33)N ((CH3)3Br,CTAB), Ferric chloride
(FeCl3) and ammonia solution (NH4OH) were purchased
from Otto Chemica, Himedia, SRL and Emparta, respec-
tively. De-ionised water was collected from Centre of Ex-
cellence in Nanotechnology (CoEN) at Assam down town
University. Diptrace software was used for designing the
electrode pattern with a gap of 0.4mm. Printed circuit
boards were procured from local electronic stores for the
fabrication of the sensors.

2.2 Design of Electrodes

The gap in the interdigitated electrode was maintained 0.4
mm. The design of the electrode was imported to a PCB
followed by an etching process. Figure 1 shows the design
of electrode using Diptrace Software. The designed elec-
trode was kept in FeCl3 solution for 1 hour for etching. It
was then thoroughly washed with DI water so that only the
copper pattern was left.

2.3 Synthesis of SnO2 NPs

2mM SnCl4 � 5H2O and 2mM CTAB was added in 50 ml DI
water under vigorous stirring. Then the pH of the solution
was maintained near 8 by adding ammonia dropwise. The
prepared solution was then transferred to an autoclave and
kept at 110°C for 24 hours.

2.4 Fabrication of Photodetector

A thin layer of SnO2 nanoparticles was deposited on the
designed electrode using a dip and dry method. Then it
was annealed for 1 hour at 90°C, and the two free ends of
the electrode were connected with wires to form the SnO2

based photodetector.

Figure 1: (A) Electrode Design in Diptrace Software (B)
Fabricated SnO2 Based Photodetector

2.5 Characterization

UV-Vis spectroscopy was used to examine the optical char-
acteristics of the synthesized SnO2 nanoparticles. For this
an Ocean Insight UV-visible spectrophotometer. Beer Lam-
bert’s law which is represented in Equation 1 has been used
to measure absorbance.

Absorbance � log �I0
I

 � εcL

(1)

where “c” stands for concentration, “L” for the length of
the light path inside the medium, and stands for the molar
absorptivity. “I0” and “I” represent the intensities of the
light absorbed by the sample and the reference, respectively.
For the UV-Vis analysis, the spectrophotometer spanned a
wavelength range of 200 to 1000 nm.

3 Results and Discussion

The synthesized SnO2 nanoparticles are spherical with di-
ameters approximately 8 nm as was calculated from mea-
surements carried out on 50 nanoparticles in a TEM micro-
graph shown in Figure 2. As the NPs are semiconducting
in nature, their TEM images are not prominent as some
electrons pass through the samples. Some of the NPs are
therefore circled for visibility. The particle size distribution
is shown in Figure 2 which shows dominance of particles in
the range of 8-10 nm.
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Figure 2: TEM Micrograph of the SnO2 NPs (B) Particle
Size Distribution Showing Dominance in the Range 8-10

Nm

Figure 3: (A) UV Vis Spectra of SnO2 NPs in DI Water
(B) Tauc Plot with Band Gap 4.8 EV of SnO2 NPs

Figure 4: (A) Current Vs Time Response of SnO2 Nps
Based Photodetector (B) Response and Decay Times of

the Sensor Output to UV Illumination

The Figure 3 shows the UV Vis absorbance spectrum of
SnO2 NPs. An absorbance peak near 390 nm confirms the
formation of SnO2 Nps. Figure 3 shows the Tauc Plot of
SnO2 NPs generated from the plot in Figure 3, where the
optical band gap was calculated to be 4.8 eV. The optical
bandgap of bulk SnO2 is 3.6 eV and the increase in the
bandgap can be attributed to the small size of the nanopar-
ticles.
The Figure 4 shows the current vs time characteristics of
the SnO2 Nps based photodetector. The conductivity of
the sensor was observed when the UV LED was turned ON
and OFF; the current rises to a peak point when turned ON
and drops when it was OFF. The transition time was ob-
served to be 1 sec from the graph and the maximum current
in the presence of UV light was .01mA. This demonstrates
that the developed SnO2 Nps based photodetector exhibits
the highest current when exposed to UV light. The SnO2

NPs based photodetector does not exhibit any conductiv-
ity when exposed to other visible or infra-red light. When
the illumination was triggered at t1, the sensor reached a
stable state at t2. Similarly, when the light was switched
off at t3, the sensor output reached the ground state at t4.
The response time tr= t2-t1 was calculated to be 1.00 sec
and the decay time td = t4-t3 was calculated to be 1.04 sec
which are comparable (tr td).

4 Conclusion

SnO2 Nps are extensively utilized in photodetector appli-
cations due to their large bandgap. We have synthesized
SnO2 Nps using a solvothermal method. The confirmation
of nanoparticle formation was achieved through the use
of TEM and UV Vis spectroscopy. A photodetector was
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fabricated by depositing the synthesized SnO2 Nps on cu
electrodes etched out on PCBs. The photodetector’s reac-
tion was examined by a time-current graph, which demon-
strated conductivity only under ultraviolet (UV) light. The
reaction time was observed to be 1 sec which could be
repeated with precision.
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