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In this study, nanocomposite films of titanium oxide (TiO2) were prepared
on Si plates by hydrothermal method at high temperatures (i.e.150 °C, 160 °C
and 170 °C) with the concentration of titanium oxide was fixed at 0.75 ml and
the deposition time constant at 6 h. These films were prepared by adding 0.75
ml of titanium butoxide (Ti0O2), 20 ml of hydrochloric acid and 40 ml of
deionized water. The heat treatment was carried out at 450 °C for 2 hrs. UV-
vis tests were performed on FTO samples (T1, T2 and T3) at different
temperatures, when the absorbance and energy gaps of the samples were
studied. XRD examinations showed the peaks of each sample, and FESEM
images also showed the shapes of nanorods for all samples. With using a
photoluminescence device, it was found that the photoluminescence value was
concentrated at (415 - 405 nm) in the samples prepared with TiO2, and its
intensity was observed to increase with increasing temperature. Si/Ti02
photodetectors prepared at different temperatures. The sensitivity (844%,
500% and 440%) and photoresponse (0.0152, 0.0075 and 0.00585 A/W) were
obtained for the temperatures (150 °C, 160 °C and 170 °C), respectively.
These parameters were calculated using UV light with a wavelength of 385
nm and an intensity of 0.05 mW/cm? at a room temperature, applying a bias
voltage of 3 V, consistent with the electrical configuration used during
photoresponse measurements with an on time of 20 s and off time of 20 s.
These rays were incident perpendicularly on the photodetectors at a distance
of 5 cm. In this study, we will focus on the best results obtained from the
measurements.
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belong to different phase groups

Titania (T102) is one of the well-
known titanium compounds that is often
used in various applications. These
applications  include self-cleaning
coatings,
photo-voltaics, photocatalysis,
photodetectors, and dye-composite
solar [1, 2]. There are three different
phases of the crystal form of TiOx:
rutile, anatase (tetragonal structure),
and brookite (orthorhombic structure)
phases [3, 4]. Both rutile and anatase

anti-corrosion  coatings,

although they have a tetragonal crystal
structure. Rutile TiO> has higher
(electrical resistivity, refractive index,
chemical stability and dielectric
constant) than those of the anatase
phase [5]. Titanium dioxide is known to
be a very useful, non-toxic,
environmentally friendly,
and corrosion-resistant substance, and it
is often used in white paint and
pigments due to its white color. It is an
n-type semiconducting material with an

sunscreen
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energy bandgap of 3.02 eV for rutile,
3.23 eV for anatase, and 3.13 eV for
brookite [6-8]. TiO2 can be grown using
many different methods.

This includes spraying, chloride
process spray pyrolysis, chemical vapor
deposition and Sol-gel method [8],
physical vapor deposition (PVD) and
the hydrothermal method [7, 9].
Hydrothermal synthesis is the method
that is used to manufacture materials at
low temperatures with high vapor
pressure. Since the reaction occurs in
closed system conditions, this method is
considered the most environmentally,
friendly and energy-saving [10].
Teflon-lined stainless steel autoclave is
usually used for hydrothermal synthesis
under controllable temperature in
aqueous solutions [11]. Materials
manufactured by the hydrothermal
method have many qualities. These
include high purity, good homogeneity
and crystalline integrity with fine grain
size distribution [12]. The hydrothermal
method is a successful way to prepare
titanium oxide, zinc oxide and other
remarkable materials [13]. Recent
studies have further demonstrated the
importance of optimized hydrothermal
conditions for improving TiO2 nanorod
crystallinity and enhancing UV
photodetection performance [14-16].

In this work, TiO2 nanofilms were
synthesized using an uncomplicated
hydrothermal method at reaction
temperature (150 °C, 160 °C and170
°C) and time of (6 h). The effect of high
annealing temperatures (450 °C) on the
structural composition, surface
morphology and optical band gap was
studied.

2. Experimental details

2.1 Materials and methods

Hydrochloric acid (HCI) (SDFCL,
35.4%) was used. Si plates were used as
a substrate to deposit a thin layer of
TiO:. Distilled and deionized water was
used. 20 mL of HCI was mixed with 40
mL of distilled and deionized water
using a magnetic stirrer for 20 min. 0.75
mL of titanium butoxidewas added to
the mixture and a magnetic stirrer for 20
min was used as well. The titanium
precursor used in this study was
titanium (IV) butoxide (Ti(OBu)s, >
97% purity, Sigma-Aldrich). In the
acidic medium of HCI, titanium
butoxide undergoes controlled
hydrolysis and proton-assisted
decomposition, forming Ti*" species
that serve as nucleation centers for TiO2
nanorod growth during the
hydrothermal process.

Then two Si plates were vertically
inserted into the Teflon-lined layer,
which were previously cleaned by
ultrasonication in the sequence of
propanol and acetone for 15 mins. 40
mL of the prepared solution was added
to a Teflon-lined stainless steel pressure
vessel (100 mL), and heated in an oven
at different temperatures (150 °C, 160
°C, 170 °C) for 6 h. Then it was left to
self-cool to a room temperature, then
the materials were taken out of the
autoclave, dried and heat treated at
450°C for 2 hrs. Finally, a white layer
of titanium dioxide was obtained on the
surface of the Si material.

2.1.1 Sample Naming and
Experimental Variables

In this study, three TiO2/Si samples
were prepared under identical precursor
composition and reaction time, while

57



Basheer et al.,

JOURNAL OF KUFA-PHYSICS | Vol. 17, No. 2 (2025)

varying only the hydrothermal
temperature. To simplify discussion
throughout the manuscript, each sample
is assigned a specific label based on its
growth  temperature.  Table 1
summarizes the naming scheme and the
corresponding synthesis variable.

Table 1. Sample codes and
corresponding hydrothermal
temperatures.

Sample | Hydrotherma | Constant

Cod I Temperature | Parameter
(°cO) S

T1 150 Ti precursor

T2 160 = 0.75 mL,

T3 170 HCI = 20
mL, DI
water = 40
mL,
reaction
time =6 h

2.2 Characterizations

Structural  characterizations of
TiO2  nanostructure  films  were
performed using X-ray diffraction (X-
Ray Diffractometer, DX-2700) with Cu
ka. The scanning angle varied in the
range of (10-70) ° at a room temperature
with a wavelength of 1.5406 A. The
surface morphologies were
characterized using field mission
scanning electron microscope FE-SEM
(FEI FESEM Nova 450, FEI-
Netherlands- Holland). The optical
characterization was studied from the
outcome of the absorbance and
transmittance in the UV-Vis region
(300-900) nm using a double beam
Mega 2100-Sinco UV-Vis
spectrophotometer.

3. Results and discussion

Regarding the XRD of samples T5,
T6, and T7 of titanium dioxide with
silicon, Figure (1) represents samples P-
S1/Ti0O2 (at 150 °C, 160 °C and 170 °C)
for 6 hrs. The results showed many
different peaks for TiO2 and Si, at 20 =
279,364 ,41.5,44.7,54.1 and 57,7
belong to the (110),(101),(111),(210)
, (211) and (220) surfaces respectively
for TiO, . Concerning the result of Si, it
was found that the highest peak at 26 =
69.36 which corresponds to (311) .The
first Figures 1A, 1B represent the XRD
for (n-TiO2/p-Si) at  different
temperature and the second Figure after
zoom to show all peaks. These findings
are in agreement with the JCPDS-72-
1426 card.

— 150 °C n-TiO,/p-Si
— 160 °C
— 170 °C

Intencity (a.u.)

T T T T T T T T T

0 20 3 40 50 6 70 8
20°

Fig. 1A. XRD pattern of TiO2/Si samples

(T1-T3) at different hydrothermal

temperatures.
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Fig. 1B. Magnified XRD pattern showing
detailed peak structure for the TiO,/Si
samples.

As for silicon, it must be treated by
scratching, or what is called etching,
using hydrofluoric acid (HF) and silver
nitrate (AgNo3) in order to increase the
adhesion of the film to the silicon and
its stability on the surface, as
hydrofluoric acid and silver nitrate
represent only auxiliary factors and
have nothing to do with the composition
of the TiO; layer.

The film image shows TiO2 and it
looks like a nanorod with a diameter of
approx (370 - 634) nm. And, the cross-
section of TiO; film which has a length
of about (807) nm. Fig. (2) shows the
Scanning electron microscope images
of TiO; films on Si bases (T1).

Fig. 2. FESEM images of sample T1
(150 °C) at different magnifications.

Fig. (2) Scanning electron microscope
images of TiO» films prepared by the
hydrothermal method on Si bases at a
temperature of 150°C and a deposition
time of 6 h ( T1 Sample) The film
image shows TiO; and it looks like a
nanorod with a diameter of approx (370
- 634) nm. And the cross-section of
TiO; film has a length of about (807)
nm.

M Length: 0.101 i

Length: 0.139 i

g Length: 0.126 u
Length: 0.128 p

Length: 0.104 pi

Length: 0.167 u

>
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): 070024

Fig. 3. FESEM images of sample T2
(160 °C) at different magnifications.

Fig. (3) Scanning electron
microscope images of TiO; films
prepared by the hydrothermal method
on Si bases at a temperature of 160 °C
and a deposition time of 6 h (T2
Sample) The film image shows TiO2
and it looks like a nanorod with a
diameter of approx. (101 - 167).

»

\ 3 B

)
SEM MAG: 35.0 kx WD: 6.69 mm IRAS

Det: SE SEM HV: 150KV 1um
Date(m/dly): 07/06/24

59



Basheer et al.,

JOURNAL OF KUFA-PHYSICS | Vol. 17, No. 2 (2025)

Fig. 4. FESEM images of sample T3
(170 °C) at different magnifications.

Fig. (4) Scanning electron
microscope images of TiO; films
prepared by the hydrothermal method
on Si bases at a temperature of 170 °C
and a deposition time of 6 h (T3
Sample) Image of the surface at
magnification of 5 um. The film image
shows TiO> and it looks like a nanorod
with a diameter of approx. (370 - 1041)
nm. And the cross-section of TiO; film,
which has a length about (2050) nm. An
increase in  the  hydrothermal
temperature significantly affects the
nucleation and growth kinetics of TiO-
nanorods. Higher temperatures enhance
crystal rearrangement and oxygen
vacancy formation, which directly
impacts the optical bandgap, PL
emission intensity, and charge carrier
mobility. These structural
modifications explain the observed
enhancement 1in carrier generation
under UV illumination and the variation
in response and recovery times.
Therefore, the differences in
photodetector  performance among
samples T1, T2, and T3 are strongly
correlated with temperature-dependent
crystal quality and defect density.

Photoluminescence (PL) or
instantaneous  luminescence is a
phenomenon in which a particular
substance emits light after it absorbs
light or electromagnetic energy. When
a substance is exposed to light, the
electrons in the atoms and molecules of
the substance move to a higher energy
level. When these electrons return to
lower energy levels, the energy is
released in the form of photons, causing

Fluorescence spectrum.
Photoluminescence spectrum of TiO»
films at room temperature prepared on
silicon bases using the hydrothermal
method at different temperatures (150
°C, 160 °C and 170 °C). The
photoluminescence  spectra  were
obtained  using an excitation
wavelength of 330 nm, corresponding
to the near-UV photon energy suitable
for generating electron—hole pairs in

Ti0;.

Using an excitation wavelength of
330 nm, the spectra show an emission
peak at as shown in the figure (3.20)
that is, upon excitation using band gap
energy, the photoexcited electrons fall
to the lowest level in the excited state
[17]. When TiO; is exposed to light, it
reconstructs a hole with the electron and
emits light photons [18]. This
description of electron—hole
recombination and photon emission is
consistent with standard PL
mechanisms  reported in  TiO:
nanostructures .[19]

The plot is titled (T1) Si at 150 °C.
The emission peak appeared at about
450 nm in the intensity 180 (count sec -
1). The bandgap energy was calculated
using the standard photon energy
relation (Equation 1), which is widely
applied for optical transitions in
semiconductors[20].

1240
Eg=— (M

The band gap is 2.75 eV

The plot is titled (T2) Si at 160 °C.
The emission peak appeared about 445
nm in the intensity 110 (count sec ).
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The energy gap can be calculated using
the equation (1). The band gap is 2.78
eV

The plot is titled (T3) Si at 170 °C.
The emission peak appeared at about
450 nm in the intensity 190 (count sec -
1). The energy gap can be calculated
using the equation (1). The band gap is
2.75 ev.

Figure (5) shows that as the
temperature increases, the peaks shift
toward shorter wavelengths with a
decrease in intensity

Intensity (Count sec™)
AAARLLAL:

o888

& | =0 | s 600
wavelength (nm)

&

Fig. 5. Photoluminescence spectra of
TiO2/Si samples at different synthesis
temperatures.

Current - Voltage
Characteristics
Among the electrical

characteristics through which the
performance of  the Ti02/Si
photodetector 1is described are the
(current - voltage) characteristics,
which explain the behavior of the
current with the voltages applied to the
detector. The electrical properties of
photodetectors were studied in the dark
and in the presence of light, using a
Keithley 2400 device. Figure (6) shows
the change in the amount of electrical
current with changing temperature, on
time of 20 seconds, and off time of 20
seconds, using ultraviolet radiation with

awavelength of 385 nm and an intensity
of 0.05 mW/cm? at a room temperature.
All measurements shown in Figure 6
were performed under an applied bias
of 3 V, which was used for all
subsequent photoresponse and
sensitivity calculations. These rays
were directed vertically at the sample at
a distance of (5 cm), where a decrease
in electric current value was observed
with change in temperature.

.. : TiO,/p-Si
201 |:hr‘; 50°C i
—1,, 160°C i
18 1—1,, 170°C i
z i
= H
- 104 !
8 i
3 s- !
i
LS e e ]
=7 : : i . . :
-3 -2 -1 0 1 2 3
Voltage (V)
Fig. 6. Current—voltage
characteristics of Ti02/Si

photodetectors under UV illumination.

Photoresponse measurements of
Ti02/Si1 photodetectors prepared by the
hydrothermal method were performed
at different temperatures, using UV
light with a wavelength of 385 nm and
an intensity of 0.05 mw/cm? at room
temperature, a bias voltage of zero volt
, and an (operation, extinguishing)time
of 20 seconds. AThese rays were
directed vertically at the photodetectors
at a distance of 5cm, and the optical
response and sensitivity were calculated
using equations [21, 22]:

Ry =2t )

Pin

§ = prldark 1000y 3)

Iq

61



Basheer et al.,

JOURNAL OF KUFA-PHYSICS | Vol. 17, No. 2 (2025)

It has been found that the work of
photodiodes is to generate electron gap
pairs by absorbing incident light. The
rise time was then calculated, which
means the response time of the
photodetector with a time difference
between 10% and 90% of the maximum
optical current.

The efficiency values listed in
Table 2 were calculated using the
external quantum efficiency (EQE%)
expression [23]:

RXhc
EQE% = —

x 100 (4)

where R is the responsivity (A/W),
h is Planck’s constant, c is the speed of
light, e is the elementary charge, and A
is the wavelength of the incident UV
light (385 nm in this study). This
method is widely used for evaluating
the performance of TiOz-based UV
photodetectors. The obtained EQE
values reflect the efficiency of
converting incident photons into
measurable photocurrent.

In addition to calculating the fall
time, the results at figure (7) were as
follows:

Table 2. The results of photodetectors
at different temperatures for TiO,/Si

S
sam | ro | T | T | Mda|Ip| 50 | RC|
ple | ol e | | k| h | ~ Al | o
p T %
w)
15
TS5 0 311700 0. | 84 0.01 4.
- 3 1 18 (17| 4 52 9
16
411900 | 0.| 50 2.

T6 | 0 0.00

°C
17 0.0 0.
5.0 | 3. ;
7 | 0 80 392 13 | 07 4: 0.00 | 1
°C 3|18 585

The first model, T1 (TiO2/Si),
prepared at a temperature of 1500C, had

arise time of 3.13 s, a fall time of 1.71
s, a dark current of 0.018 puA, a
photocurrent of 0.17 pA, a sensitivity of
844%, a photoresponse of 0.0152 A/W,
and an efficiency of 24.9%.

The second model, T2 (TiO»/Si),
prepared at a temperature of 1600C, had
a rise time of 4/12 s, a fall time of 1.94
s, a dark current of 0.015 pA, a
photocurrent of 0.09 pA, a sensitivity of
500%, a photoresponse of 0.0075 A/W,
and an efficiency of 2.4 %

The third model, T3 (TiO2/Si),
prepared at a temperature of 170 °C,
had a rise

time of 5.08 s, a fall time of 3.29 s,
a dark current of 0.0133 pA, a
photocurrent of 0.0718 pA, a sensitivity
of 440%, a photoresponse of 0.00585
A/W, and an efficiency of 1.9 %.

Fig. (7) Show the Time response of
the detector T1, T2 and T3 at different
temperatures (150 °C, 160 °C, and 170
°C) for (TiO2/S1). All time-response
measurements shown in Figure 7 were
recorded under an applied bias of 3 V,
identical to the configuration used for
the photocurrent measurements in
Figure 6.
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0.14

U L

T T T
20 40 60 80

=]
-
N

e
-
=3

Current (pA)
°
8

i

-l
o
&

o
o
X)
LI

ol
o
=)

o

Time (s)

Fig. 7. Time-response curves (rise
and fall times) of TiO2/Si photodetectors
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(T1, T2, T3) measured under 385 nm UV
illumination at an applied bias of 3 V.

To clarify the extraction of the
temporal response parameters, a
schematic illustration is provided in
Fig. (8). The rise time (Trise) is defined
as the time interval required for the
photocurrent to increase from 10% to
90% of its maximum steady-state value
(Imax) upon UV illumination, while the
fall time (tran) corresponds to the time
required for the photocurrent to decay
from 90% to 10% of Imax after switching
off the UV source. This method was
used to extract the response times
reported in Table 2.

A

{ UV ON \

Photocurrent (1)

Teq 90%— 10%

lgark

-
Lo

Time (s)

Fig. 8. Schematic illustration of the
extraction of rise time (Trse, 10-90%) and
fall time (trn, 90-10%) from the time-
response curve of TiO./Si photodetectors
under UV illumination, where Inax
represents the steady-state photocurrent
and Idark denotes the dark current.

4- Conclusion

TiO, nanorods were successfully
synthesized on Si substrate by
hydrothermal method. The deposition
parameters and conditions were as
follows: Hydrochloric acid (HCI)
(SDFCL, 35.4%) was used. Si plates
were used as the substrate for
deposition of TiO; thin films. Distilled
and deionized water was used. 40 mL of
HCI was mixed with 20 mL of distilled
and deionized water using a magnetic

stirrer for 20 min. Add 0.5 mL of TiO;
to the mixture and use a magnetic stirrer
for 20 min as well.

Ti02 nanorods were arranged in the
xz plane, i.e. they prefer to grow in the
plane (101) of the tetragonal anatase
TiO2 crystal. XRD results show the
successfully fabricated TiO> nanorods
with the desired size and preferential
anatase phase using titanum botoxide as
a starting material. The obtained results
indicate that TiO, material is very
suitable for photovoltaics and photoca-
talysis applications.
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