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Abstract

One-Dimensional (1D) pure-Zn0, ZnyoMg 10 and ZngygMg ;0 thin films have been
successfully grown over a glass substrate using simple economical chemical bath deposition
method (CBD). This investigation explores the enhancement in photocurrent and
photosensitivity of Zn;_,Mg,O thin films via induced defects with vertically aligned hexagonal
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rod-like array thin films. The structural, optical and electrical properties of the synthesized
materials have been elucidated using X-ray Diffraction (XRD), Raman, UV—Vis spectroscopy,
Photoluminescence (PL), and [-V characteristics. Hexagonal rod-like morphology has been
confirmed from both XRD and SEM results. Change in structural properties revealed that the
formation of the Mg(OH), phase for Zn;_,Mg,O thin films from XRD spectra. Thus, the impact
of extra Magnesium (Mg) which is difficult to incorporate in ZnO lattice sites which causes the
phase segregation and possibly creates morphological and structural defects. This has been
also confirmed from electron—phonon interaction in Raman analysis. Such as the Raman-
shift of E2 (high) mode in Zn;_,Mg,O thin films towards higher frequencies indicates the
substitution of Mg at O lattice sites. However the formation of phase segregation had a
significant effect on optical as well as electrical properties of the ZnO hexagonal rods thin
films. From UV—Vis spectra, the intensity of absorption edges for Mg-doped samples are
decreases while the optical band gaps are increases from 2.87 to 3.47 eV and also from PL
spectrum shows that the defect states in visible range are increases with increasing Mg
content in ZnO. The parameters like photocurrent and electrical resistance are calculated from
[-V characteristics and the results shows that the photosensitivity enhanced as Mg content

increases in ZnoO.
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1Introduction

Photosensors/detectors are sensors that have been able to produce photocurrent (electric
current) from absorbed photon energy (solar irradiation) and are among the most prominent
elements of contemporary day instruments in daily usage of modern world. They currently
exist in diverse technological applications which utilize in various fields such as commerce,
entertainment and research. Resultantly, photosensors make a major contribution in
manufacturing, automation and robotic application due to flexible advantages. Primary
photosensors are the photodiodes which convert absorbed light into an electrical current in a
small amount that would be useful to functionalize the circuitry such as motors, actuators,
indicators and drivers. Pertinent wavelengths such as infrared, visible and UV are most also
targeted by photosensors, which is highly useful if a sensor is used in an area that could be
exposed to mass quantities of lighting conditions which would otherwise interfere with the
sensor. Visible light sensors (VLS) are useful as an indoor motion and movement tracing
sensors. VLS is also getting attention due to its superior properties such as using it will cut
down building wiring overheads because it can utilize existing lighting infrastructure as
transmitters and it does not penetrate walls. In addition to this, not suffering from radio
interference and high sensitivity for small objects and motions arousing by its wavelengths in
nanometer scale are its major advantages over RF techniques. Besides VLS remains stable
along wide range of temperature. There are several large semiconducting nanomaterials
including, InSe [1], CdS [2], CdSe [3], MoS; [4], Nb,Os [5], Gay0s3 [6, 7], Zn,GeO, [8],
Zn,Sn0, (9], TiO, (10], ZnO (11,12,13,14], NiO [15], CeO, [16], V5,05 [17], SnO, [18], and
K,NbgO,1 [19], have been explored for photosensor/detectors applications. Among these
materials, semiconductors of metal oxide (MO) might cover the manufacturing process of a
suitable photosensor/detector that satisfies the criteria of high-temperature conditions for the
manufacture of devices and freedom in the design of materials [20]. MO semiconductors in
nanostructure form have advantages such as they are best for tuning material properties due
to higher degree of freedom. The improvement of the spectral response of photodetectors
(extended photo-detection of wavelengths) would expand their area of application in visible
light. In this regard, past few years, MO semiconductor has gained substantial attention;as we
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can easily manipulate optical properties of nanostructured MO semiconductor materials to
detect UV and visible spectrum. To achieve UV and visible-light photodetection capability,
these are doped with metals [21, 22], non-metals [23], other materials/functional groups are
added [24]). The morphology of these materials also plays an important role in the application
of photosensing, the one-dimensional (1D) nanostructures show better efficiency in the

photo-detection application due to their large surface-to-volume ratio and Debye length [25].

Among the MO semiconductor materials, ZnO is found to be one of the most promising
materials for photosensing applications. Due to its many peculiar features viz., wide direct
bandgap, n-type semiconducting behavior, high tunability of charge carriers, carrier mobility,
eco-friendly, low cost, and stability which are attractive characteristics for photosensing
applications [12]. Also, ZnO has a wurtzite (hexagonal) crystal structure that is
thermodynamically more stable phase at ambient pressure and temperature than the other
two crystal structures i.e. zinc blende and rock salt. ZnO nanomaterials are found in different
dimensional structures within the range 0 to 3D for promising nanoscale applications. 1D ZnO
nanostructures including nanowires (NWs) [26], nanorods (NRs) [27], and nanobelts (NBs)
[28] were mostly studied with various modifications to improve the performance of
photosensors. In the last few years, as they have excellent optoelectronic properties, one-
dimensional nanorods with a columnar form have received great interest [29]. Parameters
such as length and width are in several micrometers and nanometers, respectively, which
propagate charge carriers freely only along one-dimension. Semiconductor nanorods can
sustain high thermal expansion coefficients and lattice mismatches between the nanorods
and the substrate as they have strong strain tolerance [30]. Typically, in the dopant/s
modifications used, implement their bandgap tuning and defects resulting in the generation
of charge carriers following visible-light irradiation resulting in material sensitive to visible
light. Fubo et al. (2014), has theoretically investigated MgO—Zn0O alloys in details enthalpy
calculations and ordered structure using ab initio evolutionary simulations [31]. Xiaojing et al.
(2015) elucidate the CaO—ZnO alloys under high pressure, based on the enthalpy calculations
they investigated the phase diagram and ab initio evaluationary algorithm embedded USPEX
code for the crystal structure [32]. Liriano et al. (2014), ZnO alloys with MgO for the bandgap

engineering; their structural and optoelectronic properties were elucidated [33].

Till date, various deposition techniques are used for deposition of ZnMgO thin films but the
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chemical routes are low-cost and easy to operate. The work discussed herein elucidated the
defects created after Mg-doping and their effect on the enhancement photosensing activities
of ZnO under the solar simulator instrument [34]. The 1D Mg-doped ZnO hexagonal rods thin
films were successfully synthesized via low-cost chemical bath deposition (CBD) technique
[35]. The synthesized Mg-doped ZnO thin films are characterized; such as their crystal
structure, morphological, and electron—phonon interaction. While the electronic properties
were discussed with the tuning of bandgap and deep level defects generated in ZnO thin films;
characterized by UV—Vis spectroscopy and photoluminescence studies. At last we have
discussed in details the photosensing mechanism for synthesized Mg-doped ZnO and also the
photosensing with response and recovery time using J—V characteristics were systematically

investigated for low-cost photosensor/detector applications.

2 Method

2.1 Sample preparation
The chemical bath deposition (CBD) technique [36] was used to prepare ZnO and Mg-doped

ZnO thin films on a glass substrate, as shown in Fig. 1. The AR grade quality materials were
used as source materials for deposition. These are the source materials for the deposition of
pure and Mg-doped ZnO thin films: zinc nitrate hexahydrate, magnesium nitrate
hexahydrate and thiourea. The glass substrate was cleaned before deposition using dilute HCI
for 3Hr and then acetone and distilled water sequentially in an ultrasonication bath. For the
deposition of pure zinc oxide (ZnO) thin film, 0.1 M Zinc nitrate hexahydrate were dissolved in
30 ml DI water and 0.1 M thiourea were dissolved in 30 ml DI water, separately and kept on
stirring. Then in metal precursor (Zinc) solution 2 drops of Triethanolamine (TEA) added and
stir for 30 min. Then the pH of metal precursor (Zinc) solution maintained at pH 10 by adding
ammonia dropwise and then kept on stirring for 15 min. After that thiourea precursor was
added to the metal precursor (zinc solution) and kept on stirring at room temperature for

10 min. The dry precleaned glass substrate was immersed vertically in the final solution. The
beaker was kept in a water bath and the bath temperature was maintained at 65 °C for 60 min.
After 60 min the final reaction was completed and the deposited films were removed. The
deposited substrates get washed with the DI water and dried in an air furnace for 1 h

subsequently.
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Schematic diagram of chemical bath deposition for pure-ZnO, Zng Mg 10 and ZnygMg 0 thin films

The same route was followed for the deposition of Magnesium doped ZnO thin films, in this
case [Mg(NOs),. 6H,0] was added as a Mg source with the concentration 10% and 20% were

dissolved separately in 30 ml DI water and then added to the Zn precursor solution.
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2.2 Materials characterization
X-ray diffraction (XRD) using D-8 advanced diffractometer (Bruker AXS, Germany) with a

monochromatic CuKa radiation source was used to determine crystal structure & structural
parameters of the films. In order to get absorption coefficient and bandgap tuning properties
the UV—Vis spectrophotometer Perkin Elmer Lambda-25 was used. The Raman spectra of the
films were registered by using an Ar ion laser with 514.5 nm wavelength and 50 mW powers as
the excitation source. The photoluminescence (PL) properties were studied at room
temperature using a He—Cd laser in the spectral range of 300—800 nm with a wavelength of
325 nm as the excitation source. Film morphology was analyzed by field emission scanning
electron microscope (FE-SEM): MIRA II LMH from TESCAN, with a resolution of 1.5 nm at

30 kV. KEITHLEY 2400 source meter setup was used to determine the photosensing with the

AM 1.5 (300 W/cm?) solar simulator having monochromatic light source.

3 Results and discussions

3.1 X-ray diffraction analysis

The structural analysis of pure-Zn0O, Zng Mg 10 and Zng gMg ,0 thin films were investigated
by using X-ray diffraction patterns as shown in Fig. 2. As compared with JCPDS #36-1451 the
all peaks (100), (002), (101), (102), (110), (103), and (112) corresponding to pure-ZnO
exhibiting a wurtzite structure (P6smc) with preferential orientation along the c-axis and
diffraction pattern indicates polycrystalline nature of the film [27, 37]. For Mg-ZnO thin films
in Fig. 2, the intensity of the (002) peak decreases and (100) & (101) peaks intensity increases
slightly, with a very low broadening at increasing Mg concentrations. This suggests that the
incorporation of Mg in the ZnO structure does not markedly affect the crystallinity of the films

due to the less difference in ionic radii of Mg (0.57 A) atoms and Zn (0.60 A) atoms.

Fig.2
n0O
(002) Zng gMgy 10
Znj gMg,) ,0
| ZnO (JCPDS# 36-1451)
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X-ray diffraction patterns of pure-Zn0O, ZnygMg 10 and ZnygMgq 0 thin films

From Fig. 2 the diffraction peaks for Zny9Mgg 10 and Zng gMg 20 thin films the 26 values at
32.89°(100), 39.55° (011) and 42.48° (002) belonging to Brucite-Magnesium hydroxide
*Mg(OH), phase compared with standard data JCPDS card #85-1345. For 10% Magnesium in
ZnO, we can see that phase segregation has been started and furthermore these peaks
intensity increases as the concentration of Mg increases to 20% which was also reported by P.
Kumar et al. [38]. Using Debye Scherer’s formula, [39] the crystallite size (D), lattice constants
[40], dislocation density (\(\delta )\) [41] and strain \((\varepsilon )\) evaluated by following
Egs. (1), (2), (3), and (4) respectively.

SSD = \frac{0.94\lambda }{{\beta \cos \theta }}S$
(1)

SS\delta = \frac{1}{{DA{ \wedge } 2}}SS
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(2)

SS\frac{1H{{dA{2} }} = \frac{4 {3 \left( {\frac{{hA{2} + hk + kA{2} }}{{aA{2} }}} \right) +
\frac{{IN{2} }}{{cA{2} }}SS

(3)

SS\left( \varepsilon \right) = \frac{\beta \cos \theta }{4}S$

(4)

Factors like phase segregation and agglomeration which affects after certain Mg dopant
content it start distortion in ZnO crystal structure and shows the non-uniform distribution
over the film [38, 42]. Due to which there is a small change in lattice parameter a while
parameter c is decreases as Mg content increases and correlate with the shift in position and
intensity of plane peaks as seen in Fig. 2. Furthermore, from Table 1, the calculated average
crystallite size shows some random variations, such as first decreased for Mg-10% and then
increases for Mg-20% which was calculated from the FWHM values of all the peaks. However,
dislocation density and strain both are inversely proportional to the crystallite size; so the
resulting calculated values are opposite to the crystallite size, such as for Mg-10% increases
and for Mg-20% decreases.

Table 1 Microstructural parameters of pure-Zn0O, Zng.9¢Mggp 10 and Zng gMgp o0 thin films

3.2 UV-Vis spectroscopy

Optical properties of pure-Zn0O, Zng9Mg 10 and Zng gMgg ;0 thin films were elucidated from
UV-Vis spectroscopy as depicted in Fig. 3. The observed absorption spectra in the range of
300—-900 nm and the absorption peaks detected around at 441, 434 and 341 nm for pure-Zn0,
ZnpoMgp 10 and Zng gMgg -0 thin films respectively, due to the photoexcitation of electrons
from the valence to the conduction band. The Band gap was intended from Tauc’s relation,
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given in Eq. (5) [43],

SS\alpha hv = A\left( {hv - E_{g} } \right)A{{{1 \mathord{\left/ {\vphantom {12}} \right.
\kern-\nulldelimiterspace} 2}}3SS

(5)
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(a) UV absorption spectrum, (b) Tauc’s plot of the pure-Zn0O, Zny Mg 10 and Zny gMg( 20 thin films
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where « is the absorption coefficient, h is the Planck’s constant and v is the frequency of light.

The bandgap obtained from the Tauc’s Plot of the pure-Zn0O, Zny9Mg10 and ZnygMgg,0 thin
Mg in ZnO increases which enhance the bandgap and this effect ascribed to Moss-Burstein
effect. PL studies gives support to the increment in optical band gap energy as Mg
concentration increases in ZnO; however resulting in the modifications of electrical properties
of Mg-doped ZnO thin films [48]. Furthermore, increased electron concentration and oxygen
vacancies due to the variations in electronegativity and the ionic radius of Zn2* and Mg2* [49,
50]. This blue-shift in the band gap is the radiative recombination of the bound excitons that
decreases the emission wavelength of the band edge and can be assisted by the change in the
size of the crystallite [50]. Because doping concentration of Mg represents from 10 to 20%; the
number of bound excitons is also increased and the energy levels situated at the bottom of the
conduction band are taken up by these excitons.

3.3 Raman spectroscopy analysis

Raman scattering studies of pure-Zn0O, Zny9Mg 10 and ZnygMgg»0 thin films has been
carried out and resulting spectra are depicted in Fig. 4. This spectroscopic method used to
analyze the detailed information on molecular vibrations chemical structures, and sample
crystallinity is non-destructive chemical analysis. There are two modes: acoustic modes and
optical modes [51]. Both Al & E1 modes (infrared active) splits into transverse optical (TO) and
longitudinal optical (LO). Two non-polar phonon modes of E2 (high) & E2 (low) reflecting
oxygen movement and Zn sublattice movement, respectively. A Raman scattering of the pure-
ZnO thin film gives a sharp peak at 437 cm™1 assigns to the Raman active E2 (high) mode,
which corresponds to the hexagonal wurtzite phase of ZnO [52, 53]. Also, three small peaks at
334 cm™1, 380 cm~1 and 580 cm 1 were observed [54], and which are assigned to multiple

phonon processes. Observed peaks at 334 cm ™! and 380 cm ™! are A1 (TO) phonon mode and E1
(LO) mode, respectively which are correlated to the distortion in lattice constant values of

cations. However, 380 cm ™! and 437 cm™1 peaks for Mg-doped ZnO thin films has been blue-
shifted to 407 cm™1* and 479 cm ™" respectively, as shown in Fig. 4 [51]. The existence of long

range electrostatic order was confirmed from the observed peak at 580 cm~! corresponds to E1
(LO) mode in pure-Zn0O system. The phase segregation and structural defects which are
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confirmed from XRD data in Fig. 2;also responsible for Raman-shift and disappearance of
peaks for Mg-doped ZnO thin films [55].

Fig. 4
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Raman spectra of pure-Zn0O, Zng Mg 10 and ZnygMg 0 thin films

3.4 Photoluminescence study

Figure 5 shows the normalized photoluminescence spectra of pure-Zn0O, ZngoMgp 10 and
ZnpgMgg -0 thin films which measured at room temperature with an excitation wavelength of
450 nm. PL spectra show three bands of emissions in both pure ZnO and Mg-doped ZnO thin
films which centered at 390 nm (3.18 eV) in the UV region, 450 nm (2.75 eV) in the visible
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region and 560 nm (2.21 eV). These emission peaks are related to the near-band edge (NBE),
and deep-level (DLE) emissions respectively [52, 53]. NBE emissions are attributed to free

exciton emissions (typical bandgap transition) whereas DLE is attributed to zinc vacancies in

Similarly in Mg-doped ZnO nanostructures, the PL emission peaks were found centered at
around 380 nm (3.26 V), 450 nm (2.75 eV), 480 nm (2.58 eV) & 580 nm (2.13 eV). In our
study, the Mg-doped ZnO samples show a broad emission band at around 450 nm and 560 nm
is assigned to zinc and oxygen vacancies, respectively [66,67,68,69]. This broad emission
band intensity is improved after Mg doping concentration due to an increase in vacancy
concentration [38, 70, 71]. In addition to this phase segregation due to excess of Mg content in
ZnO lattice possibly helps to increase the defects and resulting increases the intensity of PL
peaks in DLE region. Mg-doped ZnO hexagonal rods thin films luminescence spectra not only
cover the UV emission but also cover-up the visible range which makes this material as a

strong candidate for near-white-light-emitting material.

Fig.5

Intensity (a.u.)
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Photoluminescence of pure-Zn0O, ZngoMgg10 and Zng gMg 20 thin films

3.5 Surface morphological studies

In order to confirm the morphology FE-SEM studies were carried out for synthesized pure-
Zn0, ZnpoMgp 10 and Zng gMg,0 thin films. In the Fig. 6 we can clearly see that the
agglomerates of hexagonal rod like structures are formed in pure ZnO thin films while conical
rods can be seen in Mg-doped ZnO thin films. It is observed from Fig. 6 micrographs for ZnO
hexagonal rods are well cover the substrate and we can see clearly the growth of rods along the
plane c-axis (002), which confirms with the XRD pattern. For Mg doped ZnO thin films, the
hexagonal rods of ZnO are distorted as seen in Fig. 6b and c. Hexagonal rods are become cone-
like structure for Mg-doped ZnO thin films, due to the growth along (101) plane than the
(002) plane as evident from XRD results [72]. With increasing Mg content, owning to nuclei
aggregation and the Ostwald ripening process, these rods get more stacked together and form
a flower-like structure [73]. Also, Sankar R. et al. (2017) has observed the morphological
changes, hexagonal nanorods into irregular sphere-like morphology (nanoparticles) after
excessive doping of aluminium (Al) in ZnO [74] and Bharathi et al. (2019) observed the
agglomeration in ZnO nanorods morphology with Gadolinium (Gd) dopant, such as increasing
the concentration of Gd in ZnO the hexagonal nanorods are tends to flower-like structure [75].

Fig. 6
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surface morphological image of (a) pure-Zn0, (b) ZnyoMgg 10 and (c) ZnpgMgp -0 thin films

3.6 |-V characteristics study

Current (I) vs voltage (V) characteristics studied for pure-Zn0O, Zny9Mgg 10 and ZngygMg( 2,0
hexagonal rods thin films under dark and illumination of light condition [34]. Figure 7a—c
displays the J—V plot of pure-Zn0O, ZnggMgp 10 and Zng gMgg 20 thin films photosensing in
dark and under the illumination of light. In the J—V plot, current density (J) was calculated
from the observed current (I) values divided by area (A) of the deposited film. The adsorption
and desorption of oxygen molecules plays a crucial role in photoconduction in the
photoresponse mechanism of ZnO photosensors. In the dark condition, oxygen molecules
adsorbed from an ambient atmosphere on the ZnO layer surface according to the equation;
\({\mathrm{O}}_{2} \left(gas\right)+ {\mathrm{e}}A{-} \left(surface\right)\to
{\mathrm{O}}_{2}A{-} (adsorption)\) and form a region of low conductivity depletion.
Electron—hole (e~ — h*) pairs are photogenerated underexposure to light illumination, where
oxygen molecules desorb from the ZnO surface due to photogenerated holes which indorsed to
decrease the depletion width of low conductivity as follows, \({h}A{+}+ {0} _{2}A{-}
\left(adsorption\right)\to {O}_{2 }(gas)\) [76].

Fig.7

| Pure £} H’:"

g g S

< - <

z E z Zn, Mg, 0 1E+03

g 3 ; 1E+02

- 2 g (c)
= . b 1E+01 -

¢ s c

. “ r=- 1F-i1 e, Pl

15 of 34 18-06-2024, 16:05



Enhanced photosensing by Mg-doped ZnO hexagonal rods via a feasibl... https://link.springer.com/article/10.1007/s10854-021-05364-0

R - = LA
1E-!-l |§;.5-I | | IF.-EIIY = Light
t T T L T T I T T T T T 3 T 1

2 4 4 2 0 1 4 3 2 4 0 1 2 3 4
Voltage (V) Voltage (V)

-
.

4 -E 0
Voltage (V)

J—V characteristics of (a) pure-Zn0O, (b) Zny9Mg 10, and (c) Znp gMgp -0 thin films

Furthermore, in Mg-doped ZnO thin films, due to less difference in ionic radius and
electronegativity between Mg?* and Zn?* they may alloy significantly by replacing each other
without affecting the lattice constant of ZnO structure [72]. Large amounts of generated point
defects have detrimental effects on the optical properties which enhance the performance of
ZnMgO devices [58, 77]. Even, on the surface, the as-grown ZnMgO layer includes hydroxyl
bonds, which break by photon exposure. As a donor atom, the H atoms from the broken
hydroxyl bonds shift to the ZnMgO lattice interstitial site. The resistivity of the ZnMgO layer
reduces with the generation of H atoms, consequently the efficiency increases. In addition, the
specific benefits of the ZnMgO alloy as a photosensor are the large optical absorption and high
photosensitivity in the visible region [34]. From the J-V curve, we can say that as the
percentage of doping increases in Mg-doped ZnO thin films, photosensitivity is improved. As
confirmed from XRD spectra, this can be attributed to the MgO phase. Also, from PL spectra
the deep level defects are due to zinc and oxygen vacancies are generated in the doped film.
The Fig. 7 results clearly show that the abrupt increment in Jg¢ values under monochromatic
light source. Resistance and photocurrent of the pure-Zn0O, Zng9Mgg ;0 and Zng gMg( 50 thin
films in dark and under illumination is tabulated below in Table 2 and the values are tabulated
in Table 2 are considered as an ideal for photosensors according to literature [78, 79]. Also, the
presence of a high density of hole-trap states on the surface of the nanorods significantly
affects the characteristics of transport and photoconduction due to the high surface-to-
volume ratio. Under dark, due to the adsorption of oxygen molecules on the oxide surface that
absorbs the free electrons present in the n-type oxide semiconductor, a low-conductivity
depletion layer is formed near the surface [34]. Under the monochromatic light source
absorbing the photon energy and produced electron—hole pairs; holes migrate to the surface
and discharge the adsorbed oxygen ions negatively charged, which allows desorption of
oxygen [80]. The unpaired electrons are either captured at the anode or recombined with

holes formed by adsorption and ionization of oxygen molecules on the surface. Because of the
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surface-to-surface bonds and zinc vacancies which attributed the high density trap states and
that improves the photoresponse of nanorods. The Eq. (6) determined the photosensitivity of
the pure-ZnO, Znyy9Mg( 10 and Zny gMgg 50 thin films under monochromatic light source AM

1.5 solar simulator [81],

SSS\left( \% \right) = \frac{{R _{d} - R {I} }}{{R {d} }} \times 100S$
(6)

Table 2 The calculated current & resistance of the pure-ZnO and Zng gMg( 10 and
Zng gMgo 70 thin filmsin dark and under illumination were tabulated below

where Ry and R, are the resistances under dark and light condition respectively. Furthermore,
photoresponse was evaluated from photocurrent rise and decay w. r. to time by switching (on
and off) continously the monochromatic light source with different illumination power (range
100 W to 300 W) at an applied bias voltage of 2 V. The results are depicted in Fig. 8a. In
addition to this the response and recovery time was calculated for pure-ZnO, ZnyygMg10 and
Znp gMgp 0 thin films for 100 W illumination as shown in Fig. 8b. However the charge carrier
traps and defects states are responsible for high recovery time and less response time. The
response, recovery and photosensing parameters results are compared with the previously
reported 1D photosensors and tabulated below in Table 3. The results of the Mg-doped ZnO

hexagonal rods thin films shows the effective photosensing performance as visible

photosensor.
Fig.8
@ (b)
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varying power from 100 to 300 W/ cm? and for (b) 100 W/cm? power

Table 3 Response, recovery time, photosensitivity vs. power of pure-ZnO and Zng.9Mgo 10
and Zng gMgo 0 1D hexagonal rods thin films

4 Conclusion

In this compendium, the highly photosensitive Mg-doped ZnO hexagonal rods thin films are
well prepared using cost-effective and simple chemical bath deposition method. The
synthesized pure-Zn0O and Zng Mg 10 and Zng gMg ,0 thin films were characterized for
their structural, morphological, optical and electrical properties. The structural and
morphological properties were analyzed via XRD and SEM characterization techniques;
confirmed the formation of hexagonal rod-like structure for pure-ZnO and for Mg-doped ZnO
samples there were found some structural changes like hexagonal rods become conical rods.

As we increase the Mg content 10 to 20% in ZnO structure, phase segregation process gets
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started and also due to agglomeration the conical rods are stacked with each other in large
amount shows flower-like structure in Zng gMg,0 sample. It can be clearly seen in SEM
images. The effect of electron—phonon interaction from Raman analysis also confirmed the
phase segregation due to the large shift in E2 (high) mode. The optical properties showed an
increase in optical bandgap with Mg doping and PL study confirmed the increase in surface
defects as well as deep-level defects generated within the visible range which was also
increases as Mg content increases. However, these overall results with the Mg doping helps to
enhance the photosensing properties in terms of measured less resistivity, high photocurrent
and J—V result showed a significant enhancement in photosensitivity of Mg-doped ZnO

hexagonal rods thin films.
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