Comprehengive Journal of Science ““‘@“"39‘“' EAPRA] o sixd) daa

.7 a1idillg oglel)
Volume (10), Issue (37), (NOV. 2025) N2 T i - A 5 o lell CAEN gl yuially ala s
SICST2025, www.sicst.ly o (2025p090)) .(37) 122l (10) A
ISSN: 3014-6266 3014-6266 :10))

The Impact of Laser Irradiation Durations on Zinc Oxide
Nanostructures' Crystallinity, Surface Morphology, and Electrical
Properties in Palladium/Glass

Abdulwahab S.Z. Lahewil*?3 " Abdulmula Salem Z. Laheew*, Daw Salem
Alzarouq®?, Naser M. Ahmed3®

The Institute of Science and Technology of Al-Orban, Al-Orban Libya
2The Ministry of Technical & Vocational Education Tripoli, Libya
3School of Physics, Universiti Sains Malaysia (USM), 1800, Penang, Malaysia
4Libyan Authority for Scientific Research, Tripoli Libya
>Department of Medical instrumentation engineering, Dijlah university college, Baghdad, Iraq
*corresponding auther: Ikmatys9@gmail.com
Received: 30-09-2025; Revised: 10-10-2025; Accepted: 31-10-2025; Published: 25-11-2025

Abstract: The LACBD technique is used to make ZnO nanostructures and thin layers
of palladium (Pd) on glass. Crystallinity, surface morphology, and electrical characteristics
were investigated at 20, 25, and 30 minutes of laser radiation. According to the XRD patterns,
the generated ZnO-NSs are polycrystalline with a hexagonal/wurtzite structure and a
preferential orientation along the c-axis, as observed on 002 planes. The thin surface was
examined using a FE-SEM. The outcome indicates that the orientation and spatial growth of
the nanostructure significantly depend on the presence of the Pd buffer layer. The findings
showed that the polycrystalline ZnO-NSs' surface structures and topographical properties
were significantly influenced by the duration of the laser irradiation. Keithley 2400 used to
charactraze the photoelectric effects. Additionally, the efficiency of Pd/ZnO NSs/Pd in UV
detection has been researched. Both in low light and UV radiation, the photodetector exhibits
outstanding stability and reactivity.

Keywords: Pd, ZnO, LACBD, and irradiation of laser.

1. Introduction

Semiconductors have garnered a lot of interest in both technical and
scientific applications as a significant class of material alternatives for
optoelectronic devices and sensors [1]. ZnO is a semiconducting and
piezoelectric substance with a high exciton binding energy of 60 meV and a
comparatively wide band—gap of 3.37 eV at ambient temperature [2, 3]. These

uses demonstrate ZnQO's adaptability in several domains, such as energy

1-2738 ISSN: 3014-6266 1303, (2025 jsais) «(37) 2303 ((10) saall ALLaN a5l Ana


http://www.sicst.ly/
mailto:lkmatys9@gmail.com

The Impact of Laser Irradiation Durations on Abdulwahab S.Z. Lahewil et. a/

conversion, electronics, and piezoelectric transducers [5], as well as surface
acoustic wave devices and environmental monitoring [6]. As research
continues, the potential for innovative uses of ZnO is likely to expand even
further. Examples of 1D ZnO nanostructures that have garnered a lot of
interest lately in the realm of nanotechnology are nanotubes, nanobelts, and
nanowires. ZnO nanowires (ZnO-NWs) have garnered significant interest for
various applications in electronics, optoelectronics, and energy harvesting due
to their distinct semiconducting, photonic, and piezoelectric characteristics [10-
12]. Numerous optoelectronic, electrochemical, and electromechanical devices
[13-15], including ultraviolet (UV) lasers, extremely efficient light-emitting
diodes [18-19], and field emission devices [20], have shown benefits from
ZnO-NWs. Excellent-performing nanosensors [21], solar cell panels are dye-
sensitized by nanowire numerous methods, including wet chemical procedures,
PVD, sputtering, pulsed laser deposition, LACBD, have been used to create
one-dimensional (ID) ZnO nanostructures (NSs). A photoluminescence
experiment was done on crystalline undoped ZnO nanostructures made using
RF magnetron sputtering [26]. Traditional technic for generating 1-dimensional
(1D) ZnO-NSs, for exameal whiskers, nanowires, vapor-solid (VS) nanorods,
nanonails, and nanorings, mostly use growth and vapor-liquid—solid (VLS).
During the initial growth stage, a metal catalyst creates the liquid phase [27,
28]. A somewhat high growth temperature is required for the VS and VLS
processes. For instance, 750°C to 1300°C is the ideal temperature range for
the growth of ZnO nanowires and nanorods [29, 30]. Furthermore, metal
catalysts like Ni, Au, Sn, and Pd are contaminants that typically create
unintentional trap levels in the semiconductor bandgap, which may lead to

difficulties in using these materials for electronics and optoelectronics [31].

Using a LACBD technique, we characterized ZnO NSs in this study after
post—annealing for three hours at 400 °C after 20, 25, and 30 minutes
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respectively. Electrical, morphological, crystallographic, and structural
characteristics were investigated in connection with laser irradiation duration.
Specifically, we investigated the absorbance, rise time and decay time,
photosensitivity, current gain, quantum efficiency, responsivity (R), Specific
detectivity (D*) NEP, and EQE. We used an easy-to-use continuous—flow
cavity design approach to create the ZnO NSs at low temperatures. Using
XRD, FE-SEM, and |-V characteristics, high specific surface to volume ratio,
micro area, and scalability flexibility were assessed. It has been demonstrated
that the LACBD technique is a practical way to create nanostructures for
sensing applications. It has been demonstrated that the Pd/ZnO NSs/Pd
photodetector is a crucial component in the sensitive detection of Ultraviolet

(UV) light.
2. Materials and Techniques Employed

The method of LACBD was used in this study to produce Zinc Oxide
Nanostructures, which were then cultivated at 60°C. The properties of the
deposited material were altered and controlled using the cavity flow method of
chemical bath deposition (CBD) optimization. Zinc acetate dihydrate (99.99%),
Zn(CH3COO)2.(H20)2, and hexamethylenediamine (99.9%) were used to
generate ZnO NSs (HMTM, C¢Hi2N4). The deposition solvent utilized was
deionized water. Without any additional purification, all of the compounds were
utilized just as they were purchased from Sigma Aldrich. A simple flow solution
cavity, buffer layer activation, which is facilitated by continuous laser irradiation
duration, was designed and built using LACBD technology. In this work, ZnO-
NSs were grown at 60 °C after being created utilizing the LACBD technique.
The cavity flow method of chemical bath deposition (CBD) optimization was
used to modify and control the properties of the material that was deposited.
ZnO NSs (HMTM, C¢H,N,) were produced, zinc acetate dihydrate (99.99%),
Zn(CH;C00)2.(H,0)2, and hexamethylene—diamine (99.9%) was used. The

1-2740 ISSN: 3014-6266 :203; (2025 uads) «(37) a2al ¢(10) lsall ALLEN a5lall dlss



The Impact of Laser Irradiation Durations on Abdulwahab S.Z. Lahewil et. a/

solvent for deposition was deionized water, without any additional purification,
all of the compounds were utilized just as they were purchased from Sigma
Aldrich. LACBD technic was used to develop and construct a straightforward
flow solution cavity and buffer layer activation, which is made possible by a
continuous laser irradiation period. Fig. 1 (a), and (b) present a schematic

representation of the ZnO-NSs preparation method [32].

‘ » ﬂ » L.AE_A__'
Zn(CHCO0),.(H,0), DI Water and (Cgh ,N,) ‘.-
stirting

Zn0 n Laser

Pd buffer ﬂ U WPy l 60 oC
Class ™ < L

Cavity Flow Method 'S
Heater

“)
b)
Figure 1 illustrates the scheme for creating ZnO NSs/Pd/Glass images using
the LACBD technique at varying laser irradiation periods of 20, 25, and 30

minutes, respectively.
3. The Findings and Discussion
3.1. Structural Description

Laser Assisted Chamical Bath Deposition technique and post—-annealing
at 400°C for three hours was used. The ZnO-NSs formed on Pd buffer layers
on glass substrates surface are displayed at Fig. 2. (a, b, and c) along with
their XRD patterns at various laser irradiation periods at (20, 25, and 30
minutes). 20 degree = 34.325° (002) ZnO, 40.225° (111) Pd, 47.575° (200)
ZnO, 53.225° (102) ZnO, and 68.125° (112) ZnO, 34.275° (002) ZnO,
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40.075° (111) Pd, 44.225° (200) Pd, 47.275° (102) ZnO, 64.725° (200) ZnO,
34.775° (002) ZnO, 40.075° (111) Pd, 47.857° (102) ZnO, 55.475° (110)
ZnO, and 68.625° (112) ZnO, respectively, are represented by the XRD
spectra's peaks. The hexagonal wurtzite also exhibits notable peaks at 2 =
34.375°, 34.275°, and 34.775°, which correspond to (Rf. Cod. 079-0208), as
shown by the 3-specimens for the ZnO formed on the Pd buffer layer at (20,
25, and 30 minutes) of laser irradiation durations. However, the structures at
diffraction angles of 20 degree = 40.167°, 40.161°, and 40.111°, which
correspond to the lattice planes (111) connected to the cubic crystalline of Pd
(Ref. Cod. 03-065, 2867), showed notable intensity fluctuations, [33-35]. Due
to the difference in atom radius between Zn (1.25) and Pd (1.28), the
diffraction peaks of ZnO (002) and Pd (111) demonstrate that increasing the
laser irradiation periods at (20, 25, and 30 minutes), causes lattice
deformation. As well as the lattice interplanar spacing being approximately
0.1499, 0.1501, and 0.1482 nm, related to ZnO, while the lattice interplanar
spacing for the Pd (111) plane is approximately 0.1204, 0.1202, and 0.1153
nm, respectively. The reaction that takes place when a solution of zinc acetate
dihydrate is heated in a furnace has been the subject of numerous

investigations [36,37].
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Figure 2 displayed the XRD results for these nanostructures' continuous laser

irradiation for (a) 20, (b) 25, and (c) 30 minutes, followed by three hours of

post—annealing at 400°C. ZnO nanostructures were formed on a glass

substrate with a Pd buffer layer.

The average crystallite size (D) was calculated using Scherrer's formula (Eg. 1)

and the structural

Rl
Scosd

(1)

where k is a constant of 0.94, 6 is Bragg's angle, 3 is the X-ray's full width at

half maximum (FWHM), and 2 is its wavelength. The dislocation density (5), as
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determined by Eq. 2, is the quantity of dislocation line lengths per unit volume
[33-35]:

5=—

(2)
Using Eq. (3), the strain (g) of ZnO nanostructures was calculated [33-35]:

fcos@
E=—
4

(3)
Bragg's equation, Eq (4), is used to calculate the interplanar distance (d)

[33,35].

ki

(4)

Zzin &

where h is a constant that has the value 1. The low value of d observed in this
work supports the good crystallinity of the ZnO nanostructure for all sets.
Equations (5) and (6) were used to determine the lattice constants (a) and (c)
[33-33].

Table 1 displays the ZnO/Pd/glass nanostructures XRD data at various laser
irradiation periods of 20, 25, and 3(0 minutes after three hours of annealing at
400°C.

Laser Peak 20 Grains Strain (€) Inter Lattice
irradiation  (degree) Size Dislocation (10 3 ) planer Constant
time (D) density (6) distance a=b, ¢
(m/n) ( nm) 10" (Oy (A’ ) (A)
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//'ms's/m2
34.325° 8.4346 0.014056 0.0429  1.499721 a=1.73
44.175° 2.690  0.13819  0.13453 1.20406 ¢~ 299
20 46.675° 2.0507 0.2378  0.1764  1.15058 & 1-39
c=2.40
68.325° 15.1653 0.00434  0.0238  0.8762
a=
1.329 ¢
- 2.302
a=
1.012 ¢
- 1.753
34.275° 16.861 0.003517 0.0214  1.501692 a-=
44.225° 3.4259 0.0852  0.10563 1.2028 1-734¢
- 3.004
25 46.625° 7.787  0.01649  0.04647 1.15158
a=
68.325° 15.1653 0.00434  0.0238  0.8762
1.389 ¢
- 2.406
a=
1.012 ¢
- 2.303
a=
1.012 ¢
- 1.753
34.775° 8.4706 0.013936 0.0427  1.48224 a-=
46.525° 12.9603 0.00595  0.02792 1.153¢ 1-712¢
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30 52.575° 10.676 0.00877  0.033896 1.04744 =2.965

67.775° 14.93 0.004487 0.01891 0.83179 a=
1.332 ¢
= 2.308

a=
1.210 ¢
=2.090

a=
0.961 c
=1.663

3.2 Study of the Morphology

Field emission scanning electron microscopy used to analyze the surface
morphologies of the thin films that were deposited. Figure 3 displays top views
of ZnO nanostructures after they have been post-annealed at 404 °C for 3h
after being exposed to laser light for (20, 25, and 30 minutes). Nanostructures
ZnO look densely packed, evenly aligned nanobelts-like, nanoflowers-like, and
nanopetal-like. Under laser spot areas, the grains are connected to one
another and each sample has a excellence grain boundary. The NSs'
morphology was clearly altered by laser irradiation durations at 20, 25, and 30
minutes on the specific area under the laser irradiation spot, even if the top-
view photos indicate the new growth, of a dome structure. As well
defined grain boundaries in the densely packed NSs in the laser irradiated ZnO
NSs. Some of the ZnO NSs did not aggregate with other grains after the time

of laser irradiation increased to (20 min, 25 min, and 30 min) respectively.
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Figure 3: FE-SEM top-view pictures at different magnifications for the ZnO/Pd
buffer layer formed on glass substrates during laser irradiation periods of (a),
(b), and (c) of 20, 25, and 30 minutes, respectively, with post-annealing at

400°C for three hours are shown in (al), (b1), and (cl).
4. Electrical Characteristics
4.1. UV Photoconductive Characterization

Keithley 24000 current source unit using and coupled to a computer for
data processing, the typical I1-V curve of a UV photodetector
(Pd/znO/Pd/glass) in a ZnO NSs-based MSM design was examined. By
changing the bias voltage from -5V to 5V, Ohmic behavior was seen in the |-
V' characteristic curve of the (Pd/ZnO-NSs/Pd) glass structure in the forward
bias, as shown in Fig. 4. As a proof of concept, ZnO-NSs' capacity to detect
UV light was examined by simply observing how their electrical responses
changed when exposed to UV light. At a slot width of (0.5 mm, it was
discovered that clusters of ZnO-NSs actually served as a bridge connecting
the two Pd pads. To establish a metal contact, ZnO-NSs were cultivated using
the LACBD approach in the area between the Pd pads. The ZnO-NSs UV
photodetector had an active diameter of about one millimeter. The
photoelectrical characteristics of UV photodetectors were examined using a
two—point probe. The light source for the ultraviolet light illumination was a
light—emitting diode (LED) with a central UV illumination wavelength of 380 nm
and an intensity of (0.7186 mW/cm? at room temperature in an ambient

atmosphere.

Dark current (l5) is so weak compared, to photocurrent (I,,) that it is
subtracted from the latter to determine the net photocurrent (I = light—lgar)
[47]. The distinction between photocurrent and dark current can be easily

made. UV light causes the forward bias voltage to increase, which causes the
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current to increase as well. However, it is clear that the forward current is
stronger in the light than the dark current. The dark current for samples
collected after 20, 25, and 30 minutes increased when a -5V reverse bias
voltage was applied, to be 3.20 uA, 4.29 mA, and 1.32 mA, and the
photocurrent was 17.16 uA, 5.92 mA, and 2.10 mA. Pd pad contact
electrodes are necessary for the rapid collection and transport of
photoelectrons from ZnO NSs. Oxygen chemisorption controls the ZnO-NSs
thin film layer's photosensitivity in UV sensing experiments. On the surface of
the ZnO-NSs thin film layer, oxygen molecules from the surrounding air adsorb
as negatively charged ions after absorbing free electrons from the n-type ZnO
in the absence of light. Consequently, a patch of low conductivity depletion
develops on the surface of the thin film. Electron—hole pairs are produced
when UV energy is absorbed by ultraviolet light. These electron—hole pairs
travel across the surface of the film due to surface electron—hole
recombination, which releases the adsorbed oxygen ions. The fact that most of
the carriers' electrons are still inside the device also helps with the photocurrent
[47].

Keithley 2400

ZnO NSs Pd pad electrode
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Figure 4. depicted the Keithley 2400 electrical system for assessing the

electrical characteristics of UV photodetectors.
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Figure 5 shows the Pd/ZnO NSs/Pd/glass photodetector device's |-V forward
bias graphs after 20 (a), 25 (b) and 30 (c) minutes of laser irradiation,

respectively.

The current as a function of time at various laser irradiation intervals of
20, 25, and 30 minutes, respectively, characterizes the device's reaction
behavior. On all films, the transient curves are captured between 5.53s and
7.35s, 6.93s and 7.50s, and 6.64s and 7.51s after the device has been
periodically exposed to UV radiation. Figure 5 displayed the device's time—
resolved photo response of curve current in both the 'on" and "off' states (a—c).
With a reasonable time gap, the results show excellent consistency and
repeatability. Each on/off cycle's photocurrent magnitudes had rectangular
curves and were consistent and predictable. The MSM UV photodetector has
repeatable characteristics ZnO-based NSs have a maximum photo response of
5.92 mA at a bias voltage of -5V. The photocurrent stays in the device long
after the light has been turned off. Understanding the rise and fall timings of
the photocurrent is necessary to ascertain the kinetics of the detector's
response to a rapidly fluctuating optical input. The time needed to increase the
photocurrent from 10% to 90% of its maximum value (r = 90% - 10%) is
known as the rise time (r) and the time needed to decrease it from 90% to
10% of its maximum value (d = 10% — 90%) is known as the decay time (d =
10% - 90%) [48]. Under UV light, photocurrent initially rises quickly before
steadily climbing to its maximum. When the light is switched off, the current
rapidly decreases before gradually increasing to a value that is only slightly
greater than the initial value. The continuing photoconductivity effect causes
the current levels to be somewhat higher after each cycle. Because of the
photoconductivity effect, the photocurrent in the detector keeps flowing even
after the UV source is turned off. The photoconductivity effect prevents the

photocurrent from returning to its starting value when there is no light present.
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As indicated earlier, surface electron—hole recombination is a component of the
photodetection approach. At this point, a few holes start to appear on the film's
surface, which stops them from taking part in the recombination process.
Without holes, electrons in the trap centers or conduction band cannot
recombine. As a result, many electrons remain available in the conduction
band (CB) and at the trap centers even after the UV source has been turned
off. In the absence of light, free electrons (e) from the conduction band (CB)
are drawn to oxygen atoms that adhere to ZnO NS surfaces. A oxygen ions is
created the depletion zone with grain boundaries, which are known to be
crucial for the light response, were used to quantify the current over time using
a bias voltage of -5V [48]. In the dark, oxygen molecules adsorbed on the
surface of ZnO NSs absorb free electrons from the n-type ZnO semiconductor,
producing O; [0, (9) + e — O (ad)]. This process results in upward band
bending at the surface, a decrease in carrier density in the NRs, and the
development of low—conductivity depletion layers that limit the mobility of the
remaining carriers. When exposed to UV light at photon energies above the
semiconductor bandgap, the carrier density in the nanowire structures
increased. The performance of photodetectors can be assessed using the
relationship below [47-48]. The MSM's shape, which produces a limited,
exposed surface area, makes it architecturally appropriate for various
applications. This demonstrates the enormous potential of such a technique for
high—volume production, particularly for applications like sensors where high
surface-to-volume ratios are essential to performance. According to the
literature, surface oxygen absorption and desorption, which alters ZnO
conductivity, is the main basis for the photodetection mechanism in ZnO
structures. It has been demonstrated that the size of the ZnO exposed zone
and native ZnO defects, such as oxygen and zinc vacancies, have a major

impact on the outcomes [49]. A local electric field separates the electron—hole
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pairs, and (h") from adsorbed oxygen ions (O") moves to the ZnO NSs' surface
to recombine with (e”). As a consequence, oxygen atoms on the ZnO NSs
surface are released. Photoconduction is made easier by the CB's abundance
of photogenerated electrons. The combined effects of photogenerated electron
conduction and UV photodesorption of O, molecules lead to a considerable
increase in the total conductivity of the ZnO NSs layer. When the device is in
the on/off state, the electron density in the conduction band rises with each
cycle. The electron density in the conduction band rises in tandem with the
photocurrent with each cycle.

(12)

P is the intensity of illumination in the active region of the device, |,, is
photocurrent, and R is responsiveness. As the length of laser irradiation
increases, Table 2 shows how the UV photodetectors with ZnO-NSs bases
react. Performance of the response depends on the height of the stability of
the Ohmic barriers [22]. Furthermore, the existence of a wide depletion breadth
may influence responsiveness enhancement. Figure 5.b shows the device's
highest responsivity of 2.324 A/W at a film formed after 25 minute of laser
irradiation times. This level of responsiveness is improved compared to that
reported by Boruah, Buddha Deka, et al. 2019 [49] and comparable to ZnO
photodetectors reported by other researchers [47], Yugiang Li, 2016 and 2020
[39, 53].

A single incoming photons contribution to the electron—hole bias, or quantum
efficiency, is denoted as:

Iphy ke

a8

PRy A=

(13)
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Where R stands for responsiveness, h for plank constant, for wavelength, ¢ for
light speed, and e for elementary charge. However, Eq. (14) [47] assesses the

UV photodetector photoresponse performance using the sensitivity factor (S):

S % = #L2  100%
(14)

The determined sensitivity values are shown in the Table 2. It's
significant to note that this research's sensitivity is higher than that of earlier
studies that used TiO, nanostructures as photodetectors [47]. Our research
shows that ZnO-NSs perform UV detection substantially better than other
ZnO-NSs or thin films. ZnO nanostructures can collect free electrons and
adsorb oxygen molecules due to their high surface area to volume ratio. As a
result, the photo responsiveness will be very high. Equation (15) is used to
calculate the current gain, which is calculated by dividing the number of
photons absorbed to form photoelectrons per unit time by the number of

electrons collected per unit time.
(15)
Furthermore, detectivity is a crucial factor to consider when assessing a

photoreactor's capacity to pick up a faint signal. The specific detectivity (D*) is

calculated using equation (16) as shown below [47]:

D*=R =
(16)

Where, (R) denotes responsiveness, (A,) the area of the photodetector
that is expos ed to UV light, (e) the elementary charge unit, and (l4) the dark
current getting the best possible signal-to—noise ratio is the key issue with UV
detectors. Note that Figures 6(a), (b), and (c) only apply to low bias voltages;

the noise became smoother as the bias voltage rose. These figures depict a
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variety of significant noise kinds, such as short noise, generation recombination
noise, thermal noise, and others. the generation recombination noise spectrum
is flat until the frequency values are almost equivalent to the inverse value of
the free carrier lifetime. When samples were subjected to 380 nm UV light, the
ZnO NSs photodetector's low noise equivalent power (NEP) was determined at
the bias voltage of (-5V). The noise was largely caused by ionized defects and
acoustic phonons, which cause mobility variation through lattice and impurity
dispersion [32]. This could have an impact on a number of contaminants in our
sample, including interstitial zinc and oxygen vacancies.For photodetectors, the
NEP is a crucial quantity. It is the lowest optical power at which a
photodetector can distinguish itself from noise. As a result, the following Eq.

(17) may be used to calculate NEP:

NEP - dae
(17)

hch

EQE ="+
(18)

Equation (18), where c is the speed of light, q is the electron charge, h
is Planck's constant, and A is the incoming wavelength, is used to calculate the
external quantum efficiency (EQE). The detector's illumination of (0.7186

mW/cm? and a bias voltage of -5 V provide excellent performance.

Figure 6 shows the films made of Pd/ZnO NSs/Pd photodetectors at varying

laser irradiation times of 20 (a), 25 (b) and 30 minutes (c)

The performance of our devices suggests that by employing LACBD to
synthesize ZnO NSs, photodetectors with increased performance can be
developed using an elaboration process. The key parameters for the (Pd-ZnO
NSs-Pd)/Glass UV photodetector for bias voltages (-5V) of three samples

made at various laser irradiation intervals of 20, 25, and 3(0 minutes,
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respectively, are determined using the results in Figs. 5 and 6. Our ZnO NSs
device demonstrated good UV sensitivity, a fast reaction time, and high
response. these characteristics are linked to ZnO NSs's structure, high length—
to—diameter ratio, and crystal quality, all of which are essential for the electrical
characteristics of ZnO NSs devices [53]. The results demonstrate the potential
for an ambient light optical switch based on a ZnO NSs-based MSM UV
photodetector. When the applied electric field comes into touch with light,
photogenerated charges are produced. The structure, high length—to—diameter
ratio, and crystal quality of ZnO NSs are associated with these properties, and
they are all necessary for the electrical properties of ZnO NSs devices. In
general, a UV photodetector's sensitivity is mostly determined by its
responsiveness (R) and sensitivity (S). Responsiveness is the ratio of the
photocurrent on the device to the incident optical power. At a bias voltage of -
5, the response and decay times of the UV detector were recorded. Table 2
clearly demonstrates how soon the increase and drop times were finished. The
observed photocurrent in both the on and off modes increased quickly in
response to UV exposure, whereas the current in the dark significantly
dropped. Our ZnO-NSs device has high responsivity, quick response, and UV
sensitivity that are similar to those of earlier ZnO-based UV detectors with
glass substrates reported in the literature. Over time, the MSM device's
(Pd/ZnONSs/Pd)/glass performance has stayed essentially unchanged. After
several cycles, the maximum current value remained constant, indicating the
stability and dependability of the photodetector. It's important to note that
prolonged outdoor light exposure has no effect on the device's functionality.
The Nanostructures' substantial surface area is an essential advantage
because UV detection is a surface—based operation. To completely understand
how ZnO nanostructures behave when exposed to UV light and to identify the

factors that influence sensitive performance, more research is required into the
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concentration of initial nanostructures' dispersion, the shape of interdigitated
electrode detecting areas, Ohmic connections, and other features. The
performance of our devices indicates that a straightforward and inexpensive
elaboration method can be used to produce photodetectors with improved
performance by using LACBD to create ZnO-NSs. Using the information in
Figs. 5 and 6, determine the critical values for the (Pd/ZnO NSs/Pd)/Glass UV

photodetector at a low voltage of (-5v) at various of laser irradiation periods.
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Table 2: The electrical characteristics parameters of UV photodetectors based

on Pd/ZnO NSs/Pd device, Bias voltage is -5V, and UV-illumination lambda
() is 380 nm.

L *
aser Ty Td n (%) 109D NEP
irradiation (se0) (sec | R (A/W) S % G " EQE % Ref.
: wa
times film ) (iones) (watt)
20 92.2580 7.75x100 | Current
) 3.56 3.46 436.25 5.3625 159288 2.996607 0.3337
minutes 6 -48 study
Current
25 37.9953 | 1.379953 2.689x10
. 3.56 3.75 | 8.23824 142237 0.2675839 3.7371 study
minutes 39 3 A~11
9.541x10 | Current
30 2.92234 0.0949199 12
3.45 3.85 59.0909 | 1.590909 505076 10.535 study
minutes 9 8
NiO/ZnO Boruah,
5y 1.8 100 1.60 Buddha
' x10712 Deka.201
310 nm 9
Graphene
Boruah,
/Zn0O
Buddha
NW/Grap 3.0 0.47 23.0 - - - - -
Deka.
hene -5v
2019
/ 365 nm
Yugiang
Si3N4/Si - - 0.325 - - - - - 218 )
Li, 2020

4.2. The mechanism of photoconduction in UV photodetectors made

from ZnO NSs

The surface of nanostructures strongly influences the electrical and
optoelectronic properties of nanodevices. Surface states affect luminescence,
gas sensing, optical absorption, and other properties due to the high surface—
to—volume ratio. As a result, compared to bulk materials, nanoscale electrical
devices ought to be able to achieve higher sensitivity and quicker reaction
times. For the majority of these applications, receiving and sending electrical

impulses requires metal contact or outside force. Therefore, the scale of the
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electrical connections in nanowire, nanorod, nanobelt, or nanotube-based
systems should be acceptable. Therefore, it is crucial to comprehend transport
processes at the nanoscale in order to enhance device characteristics
generally. Because of the photoconductivity effect, the photocurrent in the
detector keeps flowing even after the UV source is turned off. As previously
reported, surface electron—hole recombination takes place during the
photodetection process. Holes start to show up at the film surface at this stage
and are unable to participate in the recombination process. Due to the absence
of holes, electrons trapped in the conduction band (CB) or at the trap centers
cannot be involved in future recombination. As a result, many electrons remain
accessible in the CB and at the trap centers even when the UV source is
switched off. In the absence of light, oxygen molecules attach to the ZnO-NSs'
surface  after stealing free electrons (e) from the CB [53].

O, (gas) + e- (surface) —————————- O™, (adsorption)

When exposed to UV light with photon energy (hv) greater than the
ZnO bandgap (hv > Eg), the ZnO-NSs surface layer creates electron—hole
pairs. A modest electrical field separated the electron-hole pairs (h+) from
adsorbed oxygen ions, which then migrated to the surface of ZnO-NSs to
recombine with (e-). Thus, oxygen atoms are liberated from the surface of
ZnO-NSs. The photoconduction of CB is facilitated by the presence of
photogenerated electrons [50]. h* (hv) + O°
» (adsorption) ————————- O, (gas)

The conduction of photogenerated electrons and the total
conductivity of ZnO NSs are significantly improved by the synergistic action of
UV photodesorption of O, molecules by activating holes. When the CB is in the
on—off state, it is clear that its electron density increases with each cycle. The
increase in photocurrent that occurs after each cycle is linked to the CB's

greater electron density [51]. A ZnO-NSs-based UV photodetector's
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photoconduction mechanism is shown in Figure 7, while UV radiation is shown
in Figure 7.a. The bottom schematic shows the adsorption of oxygen atoms on
the surface of ZnO-NSs in dark Fig. 7b, with upward energy band banding,
valence and conduction bands, and the presence of surface trap states.
Additionally, it is evident that oxygen molecules are drawn to ZnO-NS
surfaces. Photogenerated holes reduce the low conductivity depletion width
when exposed to UV light by migrating to the nanostructure surface along the
potential slope caused by energy band bending for the desorption of adsorbed
oxygen molecules. Figure 7c illustrates the migration of photogenerated holes
for oxygen desorption and the decrease in upward energy band bending at the
bottom following UV treatment. The oxygen molecules are reabsorbed when

the UV irradiation light is switched off, and vice versa [52,53].

Figure 7: A UV photodetector based on ZnO-NSs is shown schematically in
(@) where oxygen molecules adsorb on the material's surface in the dark and
(b) where electron—-hole pairs are photogenerated in response to UV

illumination.
5. Conclusion

Using the LACBD approach, successful ZnO morphology structures
were constructed and deposited on Pd buffer layers on polycrystalline,

adherent, and homogeneous glass substrates. The relationship between the
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length of laser irradiation and the micro—nanostructures, nanoparticle
morphology, and crystallinity of ZnO-NSs/Pd/glass has been studied. The
improved readings at faster nanoflower growth rates could be due to the ZnO-
NSs' improved surface shape and crystallinity. According to the study's
findings, the LACBD method is a promising technology that could be used in
sensing applications because of its low synthesis temperature, short
manufacturing time, and sufficient purity and homogeneity. It can be irradiated
for 20, 25, and 30 minutes. Its use in photodetector devices has also been
demonstrated when Pd/ZnO NSs/Pd SMS is made for UV sensing. Industrial
applications are expected to improve as a result of fewer steps in the process
and, the faster growth rate. When the exposed to 380 nm light (0.7186
mw/cmz), the developed, UV detector. showed excellent sensitivity, a strong
photocurrent, and outstanding long—term stability. It could be produced at a

reasonable cost for commercial photoelectronic uses.
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