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Fabrication of Titanium Dioxide Nanorod Arrays-Polyaniline
Heterojunction for Development of UV Photosensor
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Abstract: An ultraviolet (UV) photosensor is successfully fabricated via heterojunction device consisted of n-type
titanium dioxide (TiO,) nanorod arrays (TNAs), and p-type polyaniline (PANI) by a facile method on fluorine tin oxide
(FTO)-coated glass substrate. The fabricated UV photosensor demonstrated a UV-catalyst activity through the
generation of photocurrent under UV irradiation (365 nm, 750 pW/cm?). The measured UV response showed the highest
generation of photocurrent of 0.52 yAcm™, and responsivity of 0.65 mA/W at 1.0 V reverse bias. The results indicate that
the fabricated TNAs/PANI heterojunction-based device could be a promising candidate for the application of UV

photosensor.
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1. INTRODUCTION

Ultraviolet (UV) photosensor has been considered
to attract various investigations lately due to its wide
applications scientifically in military, solar astronomy,
UV scanning, fire detection and environmental
researches [1-3]. Particularly, heterojunction structure
is one of the method suggested for the detection of UV
irradiation in attribution to its ability to regulate the
mobility of the photo-generated charge carriers and
causes the generation of photocurrent for sensing
system. Recently, nanomaterials-based semiconductor
such as TiO,, Zn0O, Sn0O,, ZnS, GaN, BiOBr, GayO;
and others have been widely studied for the
applications of UV photosensor [4-12]. Many studies
have been focusing on nanostructured TiO, material
due to its many advantages including low cost, earth
abundancy, non-toxicity, physical and chemical stability
and enhanced optoelectronic properties [13-16].
However, the methods used for synthetizing and
depositing the TiO, layer are complex and very lengthy
processes. Therefore, an improvement on current
methods to more simple, rapid, and consistent process
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need to be studied for the deposition of TiO, on the
substrate. Herein, we present a novel one-step
immersion method to deposit TiO, nanorod arrays
(TNAs) on fluorine tin oxide (FTO)-coated glass
substrate.

The use of glass container in our study was
deliberately to replace the use of stainless steel-based
autoclave for the deposition of thin film TNAs at low
temperature and growth time. The deposited TNAs was
used to fabricate a UV photosensor based on
heterostructured TNAs/PANI. The fabricated composite
layers exhibited excellent UV sensing and switching
properties.

2. MATERIALS AND METHODS

N-type TNAs was synthesized and deposited using
a novel facile immersion method in a Schott bottle on
FTO-coated glass substrate for 2 hours at 150 °C, as
reported in our previous work [17]. To begin this
process, FTO-coated glass substrate was cleaned with
acetone, ethanol, and deionized (Dl) water for 10
minutes subsequently in an ultrasonic bath (Hwasin
Technology Powersonic 405, 40 kHz). A solution
comprising HCI (37 %, Merck) and DI water in 1:1
volume ratio was added in a Schott bottle, and stirred.
Once the solution was stirred for 10 minutes, 0.07 M of
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Figure 1: Schematic Structure of TNAs/PANI heterojunction- based UV photosensor.

titanium (1V) butoxide (97%, Sigma-Aldrich) was gently
added in the solution and continuously stirred for
another 30 minutes. The prepared substrate was then
immersed in the solution with the conductive side
facing upward in the bottle. The bottle was then tightly
sealed and heated in an oven. After the growth process
was completed, the deposited substrate containing
TNAs was taken out from the bottle and rinsed with DI
water and dried at room temperature. Finally, the
deposited substrate was annealed in a furnace at 450
°C for 30 minutes.

P-type PANI [18] from aniline (99 %, Sigma-Aldrich)
was then deposited on the TNAs layer on the prepared
substrate via spin coating method. Finally, a layer of
platinum (Pt) of 90 nm thickness was deposited on the
PANI layer, as back contact of the fabricated
heterojunction-based UV photosensor by thermal
evaporator (TE, ULVAC). The device structure is
shown in Figure 1.

The effective area was designed approximately of
1.0 cm? at the centre of photosensor device. The
characterization of fabricated heterojunction-based UV
photosensor was performed via field-emission
scanning electron microscopy (FESEM, ZEISS Supra
40VP), X-ray diffraction (XRD, Shimadzu XRD-6000,
Cu K-alpha radiation, wavelength 1.54 A) and UV-Vis-
NIR spectrophotometer (Cary 5000). The photocurrent
was measured using UV photocurrent measurement
unit (Keithley 2400) to investigate the response under
UV lamp (365 nm, 750 pWem').

3. RESULTS AND DISCUSSION

Figure 2(a and b) show the top view of the
deposited TNAs and TNAs/PANI heterojunction at
10,000x magnification, respectively. A dense structure

and high surface-to-volume ratio of TNAs is clearly
observed and uniformly grown over the whole surface
area of FTO-coated glass substrate. The TNAs are in
tetragonal shape with square top facets in average.
Figure 2(a) also shows that the average nanorod
diameter of the TNAs is approximately 120 nm. The
deposited PANI thin film on TNAs (Figure 2(b))
increased the average nanorod diameter to
approximately 150 nm. The result indicated that a
relatively thin layer of PANI was deposited on the
surface of each nanorod.

Figure 2: FESEM images of (a) TNAs, and (b) TNAs/PANI
heterojunction at 10,000 x magnifications.

Figure 3 shows the XRD pattern of the deposited
TNAs/PANI heterojunction on the FTO-coated glass
substrate. All the diffraction peaks show the rutile
phase of TiO, (JCPDS No. 01-072-1148). The (0 0 2)
diffraction peak are relatively high to indicate the one-
directional growth of TNAs. The diffraction peaks to
represent the FTO are also visible in the pattern.
However, no broad peak to represent PANI can be
observed in the pattern, which indicates that the
conductive polymer of PANI is relatively low crystallinity
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in attribution to the repetition of benzenoid and quinoid
rings in PANI chains [19, 20]. The result could also be
attributed to the amorphous structure of PANI and the
limitation of XRD measurement unit to detect low
thickness layer of PANI film.
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Figure 3: XRD pattern of the deposited TNAs/PANI
heterojunction on FTO-coated glass substrate.

Figure 4 shows the optical absorbance spectrum of
TNAs and TNAs/PANI heterojunction in 300-800 nm
range. It can be seen that both TNAs and TNAs/PANI
heterojunction have large absorption peaks at the 300-
400 nm of UV range. TNAs on FTO-coated glass
substrate has high absorption in UV range in attribution
to its wide band gap energy of around 3.2 eV [21]. The
result also shows that the absorbance of fabricated
TNAs/PANI heterojunction is shifted to higher
wavelength compared to the absorbance of TNAs in
the UV region, due to the existence of PANI. The
intensity of the absorbance was also increased in
attribution to the light scattering effect on the thicker
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Figure 4: UV-vis absorbance spectrum of TNAs and
TNAs/PANI heterojunction.

film of TNAs/PANI, compared to bare TNAs film. The
result was also indicated that the synthesized and
deposited TNAs/PANI on the substrate has stronger
photocatalytic activity in UV region compared to visible
region, which made it suitable for the application of UV
photosensor.

Figure 5 shows the time-dependent photocurrent
response of the fabricated TNAs/PANI heterojunction
under UV irradiation (365 nm, 750 pW/cmz) at various
bias voltages. The signal pulses were generated by
switching the UV source periodically to measure the
photocurrent during “on” and “off’ states. The minimum
photocurrent during the “off’ state is defined as the
dark current from the baseline throughout the
measurement. The abrupt change to the maximum
value in average of the current during the “on” state
from the “off’ state is the total gain of photocurrent
under the UV irradiation. The rise time was considered
negligible throughout the whole measurement. The
abrupt change of photocurrent may be due to the
enhancement of charge carriers transportation within
the solid-state structure of TNAs/PANI in which charge
carriers are generated instantaneously through UV
irradiation and the recombination of photo-generated
charge carriers [22, 23].

The photocurrent response also exhibits that the
measured dark current increases with increasing
applied reverse bias of the heterojunction at 0.5-2.5 V.
This result could be attributed to the increase of driving
force from the external potential difference. The
photocurrent also increases with increasing applied
reverse bias to some extent under the UV irradiation
during the “on” state. From the result, it can be seen
that by far the greatest value of photocurrent is 0.52
pAcm'z, and the responsivity is 0.65 mA/W at the
applied bias of 1.0 V. However, the photocurrent
decreases with increasing applied reverse bias from
1.5 V onwards to some extent. The fabricated device
from the deposited TNAs/PANI heterojunction using the
introduced method is thereby made available for UV
sensing purpose due to considerable high intensity,
fast response and excellent reproducible character-
istics.

The generation of photocurrent in the fabricated
device could be attributed to the formation of internal
potential difference at the heterojunction between the
p-type PANI and n-type TNAs when it was irradiated
with UV source. The generation of charge carriers
through UV source also leads to a decrease in
resistance [24], and therefore contributes to an
increase in photocurrent.
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Figure 5: Photocurrent response under UV irradiation (365
nm, 750 pW/cmz) at various bias voltages.

The external potential difference during the
measurement offers a driving force to separate the
photo-generated charge carriers, and prevents loss of
electrons from the recombination of electron-hole pairs,
while the electric force generated in between the
heterojunction guides the electrons from the p-type
PANI to the n-type TNAs and developing the total gain
of photocurrent [25]. It is postulated that an increase in
photocurrent may be due to the attraction of positive
charge in the opposite junction to the photo-generated
electrons.

CONCLUSION

The present study was designed to determine the
effect of p-type PANI on n-type TNAs in the fabrication
of TNAs/PANI heterojunction-based UV photosensor
using a novel and facile method. This study has shown
that dark current increases with increasing applied
reverse bias during the “off’ state without the UV
irradiation. The highest photocurrent of 0.52 pAcm'z,
and responsivity of 0.65 mA/W was obtained at the
applied bias of 1.0 V through the UV irradiation (365
nm, 750 pW/cmz). The fabricated TNAs/PANI
heterojunction device has shown a UV-catalytic activity
and could be used to develop the application of UV
photosensor and UV switching devices.
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