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In this work, nanostructured zinc oxide were doped with various silver
doping ratios of 0%, 2%, 4%, and 8%. The nanorods were grown on silicon
wafers using the chemical bath deposition (CBD) method. Aluminum contacts
were evaporated onto the prepared samples using a thermal evaporation
technique. Al/Ag:ZnO/Si/Al detectors were produced according to the above
ratios, and were named as X1, X2, X3, and X4, respectively. The structural
properties and surface morphology of the fabricated detectors were studied.
The effect of (I-V) and (I-T) was also studied at a room temperature. The
current values at UV wavelengths of 365 nm and 385 nm showed a distinct
difference between the synthesized detectors. The photosensitivity values of
the detectors based on Ag:ZnO composition (i.e. 0%, 2%, 4%, and 8%) under
an applied source voltage of 5 V for samples X1, X2, X3, and X4 were 413%,
9722%, 2055% and 753% at a wavelength of 365 nm, and 444%, 4810%,
930% and 602% at a wavelength of 385 nm in UV light and a power density
of 40 uW/cm?, respectively. By calculating the rise and decay time for each
sample and at each UV wavelength of 365 nm and 385 nm, it was found that
the effect of doping was effective and good in improving and developing the
prepared detectors. All detectors exhibited stability and high-speed response,
especially for the extinction time.
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1. INTRODUCTION

The preparation of nanostructures
in their various forms, whether rods [1],
particles [2], fibers [3] .... etc, has
attracted significant research interest,
especially in recent years. This is due to
their important role in developing and
improving their structural, chemical,
and physical properties. They are lead
to the development and improvement of
device applications and electronic
components, such as solar cells [4],
transistors [5], LEDs [6], gas sensors
[7], and detectors [8]. Detectors and
sensors are a critical component their
use in diverse and  essential
applications. This includes flame
sensing, environmental monitoring,
missile plume detection,
communications, medicine, etc[9]. The
detectors which are based on zinc oxide
nanostructures have become widely
available for detecting ultraviolet
radiation, which is extremely dangerous
to humans[10]. The zinc oxide also
possesses key physical properties that
facilitate the development of these
detectors, such as its wide energy gap of

3.37 eV, its safety due to its non-
toxicity, its high transparency (~80-
95%) in the visible spectrum, and many
other unique electrical and thermal
properties [11]. Studies have also
shown that it is possible to control and
improve the physical and chemical
properties using doping approach. This
is achieved by adding doping materials
to the zinc oxide (ZnO) nanostructure
[12], such as manganese (Mn) [13],
cadmium (Cd)[14], nickel (Ni) [15],
aluminum (Al) [16], and silver (Ag)
[17]. The doping process contributes to
improving the detector properties and
enhancing the response speed,
sensitivity, and electrical conductivity.
There are several methods for preparing
nanoscale zinc oxide, such as sol-gel
method [17], pulsed laser deposition
[18], hydrothermal method [19],
chemical vapor deposition [20], and
chemical bath deposition processes
[21]. The CBD method was chosen
because it does not require complex
equipment and is easy to use for the
preparation, doping, and growth
processes on silicon wafers. Growth is
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also crucial for nanorods in increasing
the surface area of the detectors.
Therefore, zinc oxide NRs are expected
to provide a significant increase in the
absorption and desorption of 02
molecules, increasing the detector
efficiency.

2. Experimental details

Zinc oxide (ZnO) nanorods were
deposited on a silicon substrate in
several steps. In the first step, silicon
wafers were washed using an ultrasonic
device, propanol, acetone, and
deionized water. The second step was to
prepare solution of the seed layer by
dissolving 0.025 mol of zinc acetate
(CH3CO0OO0)2.2H20) in absolute ethanol
at 60 °C for 3 hrs with continuous
stirring. At that time, the samples were
then coated with a thin layer onto clean
silicon wafers at 2500 rpm for 45 s ata
room temperature. The samples were
dried at 130 + 5°C for approximately 15
min to remove organic residues. This
process was repeated approximately 9
times. Next, the samples were heated at
450 £ 10 °C for 2 hours using an oven.
The last step, nanorods of zinc oxide
(ZnO) and zinc oxide doped with (0%,
2%, 4%, and 8%) silver nitrate
(AgNO3) were prepared, and these
samples were designated X1, X2, X3,
and X4, respectively, by the Chemical
Bath Deposition way. The reactant was
located perpendicular in a beaker with a
0.04 M aqueous solution of
(Zn(NO3))2.6H20 and 0.04 M
(C6HI12N4). Furthermore, a
homogeneous solution of zinc oxide
doped with silver with different
concentrations of 0%, 2%, 4%, and 8%
silver nitrate (AgNO3) was added to the

reaction bath .All samples were placed
in a beaker at 90 °C = 5°C for 90
minutes. Finally, the prepared thin films
were cleaned and heated at 450°C for 1
hour. Aluminum probes were placed on
all prepared samples X1, X2, X3, and
X4 wusing the thermal evaporation
technique. The active area of the
Al/Ag:ZO/Si/Al  structure detectors
were about 1 cm?.

3. Results and discussion

Field-emission  scanning  electron
microscopy (FESEM) and X-ray
diffraction (XRD) were wused to
characterize the surface morphology
and structural properties of the prepared
samples, as shown in Fig.1 and Fig.2,
respectively.

Fig.1: image (FESEM) of the
samples prepared a) X1, b) X3

The FESEM images of the
prepared samples X1 and X3 clearly
show a vertical array of ZnO nanorods
grown on a silicon wafer. They are
arranged in a uniform manner, with
hexagonal wurtzite. From the Fig.la,
the average diameter of the nanorods of
sample 1 ranges from 70-80 nm. The
silver doping has a significant impact
on the surface structure of the ZnO.
Furthermore, the diameter of most of
the ZnO nanorods does not exceed 90
nm as shown in the inset of Fig.1b. The
slight change in shape and size of zinc
oxide nanorods upon doping may
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contribute to the enhanced response to
UV light.
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Fig.2: XRD pattern of the samples
X1 & X3

The XRD patterns of the fabricate
samples X1 and X3 confirm the
structural and hexagonal structure of
zinc oxide. Sample X1 exhibits sharp
and strong peaks at (1 0 0), (0 0 2), and
(10 1) levels, with peaks at 26 = 31.68e,
20 = 3433°, and 20 = 36.09,
respectively. No new peaks were
observed in the XRD pattern of the
silver-doped sample X3. This may be
due to the incorporation of silver ions
into the ZnO array, which explains why
there were no changes in the hexagonal
wurtzite phase of the ZnO NRs.
However, there was a slight shift in the
peak positions, which may be due to the
slight difference in the size of the doped
material (silver) compared to the base
material (zinc oxide). All of the
obtained results are in complete
agreement with previous studies [22-
24].

4. Characterization of the
Prepared Detectors

4.1 Current -Voltage Properties
I-V)

Fig.3 shows the current-voltage (I-
V) plots in the dark and under UV light
at wavelengths of 365 and 385 nm for
the prepared samples X1, X2, X3, and
X4, with a power density of 40 uW/cm?,
at a room temperature. The response of
the detectors to UV light was evident
through the increase in current values
with changing voltage. This may
attributed to the generation of electron-
hole couples at the UV light energy,
which contributes significantly to the
increase in current. The energy gap
values also play a significant role in the
differentiation between uv
wavelengths of 365 and 385 nm.
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Fig. 3: I-V characteristics of the
samples prepared in dark and under UV
light

42 Current -Time (I-T)
Properties

Fig. 4 shows the on/off changing
properties of the prepared
photodetectors at 5 Volt bias.
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Fig. 4: photocurrent as function of
time under UV light (365 & 385 nm)

The 30s/30s on/off periods were
tested to determine the stability of the
detectors' response at room
temperature. The detectors showed
good stability and high reliability, with
relatively fast response and recovery
times at wavelengths 365 and 385 nm of
the ultra violet ray (intensity 40
uW/cm2).

4.3 Rise and Recovery Times

The adsorption of oxygen
molecules and the generation of
electron-hole pairs play a significant
role in the detector's speed, response,
and recovery time. The Fig.5 shows the
rise time (Tr) and recovery time (Td) for
all samples X1, X2, X3 and X4 under
the influence of UV ray at a wavelength

of 365 nm. Table 1 presents the rise

times and recovery times for all
prepared samples (X1,X2,X3 and X4)
at wavelengths of 365 and 385 nm,
which were calculated using the same
method [25]. The results show that the
Ag-doped ZnO detectors exhibited
faster light response and better recovery
times than the undoped zinc detector.

Fig. 5: The rise and decay times for
all sample prepared under UV
wavelengths 365 nm.

Table 1: The values of the rise and
decay times for all sample

Under Under

wavelength | wavelength
sample | 365 nm 385 nm
S Tr Td Td

Tr

(sec | (sec (sec) (sec

) ) )
X1 27 1 24 1.5
X2 154 10.93 ;4'77 1.2
X3 21.6 | 1.7 | 193 1.42
X4 17 0.65 | 16 1

4.4 Photosensitivity (S)

The comparison between the
impurities and unpurified detectors for
wavelengths 365 and 385 nm was done
by calculating the Photosensitivity of all
the prepared detectors according to the
following equation[26]:
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§ = ppTldark 1000, (1)

dark

The Ag:ZnO photodetectors (X2,
X3, and X4) exhibited superior
response and Photosensitivity
compared to the ZnO photodetector
(X1), as shown in Fig.6. These detectors
could be potential candidates for a wide
domain of UV sensor fabrication
devices by controlling the doping ratios,
shape, and nanoscale.

Pitonsms vty

(b)

Fig. 6: Photosensitivity of the
samples prepared at UV wavelength of
(a) 365 nm and (b) 385 nm

5. Conclusion

A zinc oxide rod array (sample X1)
and doped ZnO with different
percentages of (Ag) silver (samples X2,
X3 and X4), were successfully grown
on silicon substrates using the CBD
method. The fabricated samples were
tested as ultraviolet detectors with very
low light intensity. All samples showed
good response at 365 and 385 nm
wavelengths and at room temperature.
I-T characteristics of the prepared
samples were greatly stable and
reliable, which may make them
promising for future applications. The
role of silver doping was crucial in
controlling the detectors' response to
UV light, which could open new
horizons for the development of a wide
range of detectors.
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