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Abstract

Mg doped zinc oxide (ZnO) thin films have been successfully coated onto glass substrates at various
Mg doping level such as 0, 5, 10, and 15 wt. % by low cost Successive lonic Layer Adsorption and
Reaction (SILAR) coating technique. The film thickness was estimated using weight gain method and it
revealed that the film thickness increased with Mg doping concentration values. The prepared film
structural, morphological, optical and electrical properties were studied using X-ray diffraction (XRD),
scanning electron microscope (SEM) and UV-Vis-NIR spectrophotometer respectively. The structure
of the films were found to be hexagonal structure with polycrystalline in nature with preferential
orientation along (002) plane. X-ray line profile analysis was used to evaluate the micro structural
parameters such as crystallite size, micro strain, dislocation density and stacking fault probability. The
crystallite size values are decreased with increase of Mg doping concentration values and maximum
value of crystallite size was estimated at 47 nm at doping concentration of 0%. Morphological results
showed that the concentration of the Mg has a marked effect on morphology of the ZnO thin films. The
optical studies revealed that the band gap can be tailored between 3.93 eV to 3.955 eV by altering
doping concentration. EDX studies showed that the presence of Zinc, oxygen and magnesium content.
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Introduction

Transparent conductive oxide (TCO) thin films
occupy an important place in the domain of the
microelectronics and the optoelectronics. Among
the family of TCO, Zinc oxide (ZnO) thin films
are attractive in the semiconductor field due to
their good optical characteristics, high stability
and excellent electrical properties, among others
[1-5]. They have been frequently used in several
electronic applications such as transparent
conducting materials, piezoelectric transducers,
solar cells, surface acoustic wave filters, heat
mirrors, and liquid crystal displays [6-11]. In
addition to their potential in optoelectronic
devices, now a day they are being used as gas
chemical sensors due to their high surface
sensitivity [12].

Several techniques have been proposed
and developed for the preparation of ZnO thin
films such as magnetron sputtering [13], spray

pyrolysis [14], metal-organic chemical vapor
deposition (MOCVD) [15], pulsed laser
deposition (PLD) [16], arc plasma evaporation
[17], dip-coating [18] and ion plating [19].
Among these deposition techniques, Successive
lonic Layer Adsorption and Reaction (SILAR)
has many advantages such as simplicity, low
cost and reproducibility [20]. Moreover anion
and cation precursor in different baths offers
good control over the deposition parameters such
as pH, deposition temperature and time, etc. The
only disadvantage of this technique is the
formation of hydroxide phase while oxide
growth and slow growth rate. The ZnO and MgO
are the wide energy bandgap material; both the
ionic radii of Mg®* and Zn** are almost similar.
So Mg doping with ZnO is seen as an efficient
way to improve the properties of ZnO
nanostructures. The Mg doping to ZnO adjusts
the grain size and bandgap. Doping of Mg into
ZnO is expected to modify the absorption,
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physical, and chemical properties of ZnO, it is
widely used in sensors, light emitting diodes or
solar cells.

The objective of the present work is Mg
doped ZnO thin films were deposited by SILAR
technique on amorphous glass substrates and the
influence of Mg doping concentration (0, 5, 10
and 15 at wt. % on the micro-structural,
morphological and optoelectronic properties of
ZnO thin films is investigated.

Material and methods
Materials used

Zinc Sulphate, sodium hydroxide (NaOH) and
magnesium sulphate (MgSO,) were purchased
from e-Merck (99%) and used without further
purification. Double distilled water was used
throughout the synthesis process.

Synthesis

ZnO thin films were prepared using Modified
SILAR technique involving double dip. Before
deposition, the glass substrates were cleaned by
chromic acid followed by cleaning with an alkali
and acetone. The well-cleaned substrates were
immersed in the chemical bath for a known
standardized time followed by immersion in hot
water for the same time for hydrogenation. The
process of solution dip (step 1) followed by hot
water dipping (step 2) is repeated for 80 times.
The cleaned substrate was alternatively dipped
for a predetermined period in sodium zincate
bath and water bath kept at room temperature
and near boiling point, respectively. According
to the following equation, the complex layer
deposited on the substrate during the dipping in
sodium zincate bath will be decomposed to ZnO
due to dipping in hot water. The proposed
reaction mechanism is according to the egs. (1)
and (2) [21].

ZnSO4+ 2 NaOH—> Na,Zn0O, + H,S0, T (1)
Na,ZnO; + H,O — ZnO + 2 NaOH 2

Part of the ZnO so formed was deposited onto
the substrate as a strongly adherent film and the
remainder formed as a precipitate. For Mg
doping required amount of magnesium sulphate
was used as a doping material. In the presesnt
work Mg doping level is varied from 0 % to 15
wt. % in the steps of 5 wt. %.
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Characterization studies

The structural properties of various molar
solution concentration prepared Zinc oxide films
was investigated by X-ray diffraction using X’
pert PRO (PANalytical) diffractometer with
CuKa radiation (A = 0.15405 nm) and employing
a scanning rate of 5° min™* over a range of 20—
80° at the room temperature. The morphological
characteristics of the thin film after calcinations
were examined by scanning electron microscope
(Philips Model XL 30). In order to determine the
band gap energy of the films, optical
transmission study was carried using Perkin
Elmer Lambda 35 spectrophotometer.

Result and discussion
Thickness studies

Figure 1 shows film thickness variation as a
function of solution concentration values. The
film thickness was estimated by the weight gain
method using the eq. (3) [22]
t=m/Ap 3)

where ‘t’ is the thickness of the film, ‘m’ is the
weight gain, ‘A’ is the area of the coated film
and ‘p’ is the density of the film (5.61 gm/cm?®).
The film thickness increased with increase of
solution concentration value. It may be due to
the replacement of Zn* by Mg?* in the prepared
Mg doped ZnO thin films. The film thickness
was estimated to be approximately 1.36 pm, 1.49
pum, 1.53 pm and 1.67 pum for Mg doping
concentration of ZnO thin films 0, 5, 10, and 15
wt. % respectively. This is attributed to the
increasing density of the solution with the
addition of Mg ions.
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Figure 1. Film thickness of undoped and Mg
doped ZnO thin films
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Structural studies

X-ray diffraction patterns recorded for the
SILAR coated Mg doped ZnO thin films on to
glass substrates at various Mg doping level are
shown in Figure 2. The XRD studies revealed
that the SILAR coated ZnO films exhibited
hexagonal structure with polycrystalline in
nature. The observed ‘d’ spacing values were
indexed with JCPDS standards (No. 36-1451).
The XRD results revealed that the (002) lattice
orientation is preferentially oriented for zinc
oxide thin films prepared at various Mg doping
concentration  value.  Also other peaks
corresponding to planes (100), (101), (102),
(110), (103), (112) and (201) lattice orientations
were present. The sharpness and intensity of the
predominant peak decreased with increase of Mg
doping level.
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Figure 2. XRD pattern of Mg doped ZnO thin

films

The XRD pattern of the undoped ZnO
thin film shows a highly intense (002) reflection
peak. However, this pattern for Mg doped ZnO
thin films shows peak only along (002) plane
(but with diminishing intensity with the
increasing wt. % of Mg), which finally almost
disappears for higher doped ZnO thin film. It
suggests that formation of hexagonal phase in
ZnO is hindered by incorporation of more
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amount of Mg into ZnO lattice, thus suppressing
the crystalline behavior of the grown films. This
indicates that an increase in  doping
concentration deteriorates the crystallinity of
films, which may be the consequence of the
stress developed due to the difference in size
between Zn“* and Mg* ions. The micro-
structural parameters of Mg doped ZnO thin
films are given in Table 1. The crystallite size of
the prepared sample is calculated from the
Debye-Scherer’s formula. Let ‘k’ is the shape
factor = 0.94, A be the wavelength of X-rays
used and B and 0 are full width at half maximum
and Bragg’s angles corresponding to the
maximum intensity peak. The Debye-Scherer’s
(DS) formula [23] is given as eq. (4).

D = kA 4)
pCoséd

According to uniform deformation
model, we consider the prepared material is
isotopic in nature and the strain is assumed to be
uniform in all crystallographic direction. The
Williamson-Hall equation according to UDM s
given by eq. (5) [24].
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Figure 3. The Williamson—Hall analysis of Mg
doped ZnO thin films with different Mg doping
concentrations assuming UDM

Dislocations an imperfection in crystal
associated with the misregistry of lattice existing
in different parts of the crystal. Dislocation
density (8) was evaluated using the eq. (6) [25-
28].
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1
*=pr O®
The strain (g) is calculated from eq. (7).
[ cosé
€ = 7
2 ()
The X-ray diffraction peak of films

corresponding texture coefficient (TC) is
estimated using eq. (8) [29].
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T(hlll)_ (hlll){zl(hlll)] (8)

O(hl |I|) O(hl |I|)
where Iy represents the standard intensity, | is the

observed intensity of (hikil;) plane and n is the
reflection number.

Table 1. Micro-structural parameters of Mg doped ZnQO thin films

Mg doping | Lattice Constants | Crystallite size (D) Micro Dislocation density
level nm strain (8) x 10* lines T.C
(wt. at %) a c D.S W.H (e) x 107 m (3)
0 3.24 6.01 47 54 2.434 5.596 1.684
5 3.02 5.60 12 15 8.521 6.787 1.293
10 3.94 6.08 16 21 6.004 3.739 1.316
15 3.98 5.77 17 22 0.014 3.354 2.290
. . smaller grains are obtained from Mg dopin
Morphological studies concentrzgtion of 5% (Figure 3(b)). Th?e smglle%
Figures 4(a-d) shows the typical SEM grains tend to form larger grains due to

micrographs of ZnO thin films prepared by
SILAR coating technique. SEM image Figure
3(a) of solution contain 0% Mg concentration
prepared ZnO thin film has exhibited with
flowery shaped bigger and smaller grains are
obtained, and some voids. The spherical shaped
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agglomeration. When the doping concentration
is increased from 5% to 10% the morphology of
the film is found to be constituted by continuous
spherical grains and some voids are shown in
Figure 3(c). Grain size are decreased when
increase the I\/Ig doping level from 10% to 15%.

Figure 4. SEM Image of ZnO thin films at various level of Mg doping (a) 0% Mg (b) 5% Mg (c) 10%

and (d) 15% Mg
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EDX Studies:

Elemental analysis of ZnO thin films was carried
out by EDX. Figure 5 represents the EDX
spectrum of prepared ZnO thin film. Analysis
shows the presence of only Zn and O elements in
0% Mg doped ZnO film. For 10% Mg doped
ZnO thin film Mg ions also presence. EDX

Spectrum
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analysis confirms the presence of Zn and O
elements in 0% Mg and Mg element also present
in 10% Mg doped film without any other
impurity, showing the high pure nature of the
film. The EDX pattern for undoped and Mg
doped ZnO (10 wt. %) films values was
tabulated in table 2.

Spectrum 2

(b)
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Figure 5. EDX Image of Mg doped ZnO Thin Films (a) 0% and (b) 10%

Table 2. Elemental composition of pure ZnO and
Mg doped ZnO (10 wt. %) thin films

ZnQO thin film Mg doped ZnO thin
film
Element Weight Atomic Element Weight Atomic
% % % %

ZnK 7557 4238 ZnK 62.13 34.26
OK 2443 5762 MgK 11.36 1231
- - - OK 26.51 53.43

Optical studies

Figure 6 shows the transmittance spectra of the
ZnO film in the wavelength range from 300 to
1100 nm, deposited on glass substrate at
different molar concentration of precursor
solution. The optical properties of the films were
studied with help of the absorbance in the UV-
Vis region of spectra. The films have low
absorbance in the wvisible range of the
electromagnetic  spectrum could be high
transmittance. ZnO film has a sharp ultraviolet
cut-off at approximately 380 nm.

The solution molar concentration of ZnO
in the films could have markedly affected the
optical properties of the grown films. The film
coated with of 0% Mg doped film has shown a
high transmittance of greater than 55% and it has
been gradually decreased with the increase of
Mg doping concentration in the SILAR. This
reduction of the transmittance might be due to

©2020 The Authors. Published by G. J. Publications under the CC BY license.

the increase in thickness of the films with the
concentration of ZnSO, and MgSO,. It is also
been noticed that, there is slight shift of optical
absorption edge towards red region as the
solution molar concentration increases, it suggest
that there is a increase in the optical band gap
(Eg). The sharp absorption edge obtained for all
the films has clearly shown the crystalline
quality of the films. The absorption coefficient
(a) can be calculated from the transmittance (T)
values from the Lambert law.
o= In(t/T) )
The variation of absorption coefficient
with photon energy (4v) takes the form, where
Eg is the band gap, ‘A’ is a constant related to
the effective masses associated with the bands
and n is a constant which is equal to one for a
direct- gap material and four for an indirect-gap
material. To decide whether the ZnO films have
direct or indirect bang gap, (ahv)2 vs. (hv) and
(ahv)1/2 vs. (hv) plots are drawn. Since better
linearity is obtained in the (ahv)2 vs. (hv) plot,
the direct band gap values are determined by
extrapolating the linear portion of this plot to the
energy axis (Figure 7).

a=A(hv-Eg"2  (0)
The variation in Mg doping concentration
of deposited ZnO showed energy band gap of

200
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ZnO film increases with increase in
concentration. The energy band gap increases
from 3.93 eV for 0% Mg level to 3.955 eV for
15% Mg doped films uniformly. The uniform
increase in absorbance and energy band gap
value represents the formation of optically active
ZnO.

The obtained E4 values for the studied
ZnO films are higher than the values obtained
that method, which might be due to decreased
crystallite size and thickness of the films with
higher Mg doping concentration. This indicates
that the optical band gap of the ZnO film can be
enhanced by Mg doping concentration.
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Figure 6. Transmission spectra of Mg doped

ZnO thin films
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Figure 7. Tauc’s plot of Mg doped ZnO thin
films

Conclusions

Nanocrystalline ZnO thin films were fabricated
by modified SILAR method by altering Mg
doping concentration. XRD studies show that all
the films are polycrystalline in nature with
hexagonal  structure  having  preferential
orientation along (002) plane. It is observed from
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the SEM images and XRD patterns that the grain
sizes of the structures were decreased with Mg
doping concentration. The optical transmittance
in the visible range is greater than 55%. The
optical band gap of the coated ZnO films
increase  with the increase in solution
concentration. Both optical band gap and
morphological properties could be controlled and
calibrated by adjusting the Mg doping
concentration. This controlling mechanism might
be instrumental for different optoelectronic
device applications where tunable material
properties including band gap and crystalline
quality are of critical importance. We believe
that our proposed SILAR based nano structured
Mg doped ZnO film coating technique is
promising for tunable opto electronic materials
synthesis.
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