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Abstract - The present study included a study of the effect
of grafting on the optical and structural properties of
(ZnO) membranes grafted with magnesium, which were
prepared using the chemical bath deposition method.
(SEM, High, reaching (85-98%). The energy gap was also
studied, and it was found that it increases when doping
with magnesium oxide increases and decreases with its
decrease. Also, the effect of annealing at a temperature
(T=350°C) on these properties was studied, and it was
found practically that these membranes It gets rearranged
in the crystal structure with increasing temperature as a
result of the formation of new patterns of structures.

Keywords: zinc oxide, XRD annealing, SEM, MgO.
Introduction

Zinc oxide is a semiconductor material that possesses
distinctive and unique properties. It is used in industrial
applications. It is one of the transparent conductive oxides that
is classified among the compounds of the second and sixth
groups of the periodic table [1] because it has a direct energy
gap of 3.37 eV and a high binding energy of 60 mV [2]. It is
used in optoelectronic devices, which include light-emitting
diodes and laser diodes, as well as optical detectors [3, 4]. In
addition to its use in the manufacture of transistors as a result
of its high optical transmittance in the visible region [5-7],
zinc oxide is also considered an important material in Acoustic
wave devices, gas sensors, solar cells, and transparent
electrodes due to its superior photoelectric properties and
stability against photocorrosion [8, 9]. To prepare zinc oxide
films, there are many methods, including the chemical vapor
deposition method [5], the pulsed laser deposition method
[10], the thermal evaporation method [11], and the sol-gel
method [12], in addition to the chemical bath deposition
method, which we will focus on in this research [13].

Practical aspect:

The chemical bath deposition method consists of several
devices and tools available and simple locally. Figure (1)
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below shows the deposition system used in preparing these
membranes. The system consists of the following devices and
tools: [13]

1) Magnetic stirrer with heat source (magnetic stirrer hot
plate).

2) Holder with mask.

3) A thermometer is used to measure the temperature of the
solution.

4) Beakers.

—~r—> substrate
Thermometer

Water bath

Figure (1): chemical bath deposition (CBD)

Solution preparation

To prepare thin films of oxide (ZnO) doped with
proportions of oxide (mgo) by chemical bath deposition
(CBD) method, glass bases with dimensions (7.5 * 2.5 cm)
were used after cleaning, where (1gm) of MgO (ZnQO) was
weighed according to Table (1-3) and dissolve it in 50 ml of
distilled water at a temperature of 85 °C for three hours,
gradually dissolving it and using a magnetic stirrer. Place it in
a 100 ml glass beaker, then heat it to 85 °C. When the solution
reaches this temperature, the glass bases are immersed. in the
solution at an angle of 100 for 10 minutes, after which the
glass bases are withdrawn and the solution is left for 15
minutes to separate the precipitate from the filtrate. The aim of
changing the weight percentages of impregnation is to know
the extent to which the energy gap of those bases is affected.
After completing the deposition process for these membranes,
they are placed in an electric oven to conduct the annealing
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process is in order to rearrange the atomic structure of these
membranes (nanostructures) and obtain crystalline regularity.
All oxides were weighed using a sensitive balance with an
accuracy of up to four orders of magnitude after sorting.

Optical properties

Optical properties are of great importance in studying the
behavior of optical materials for thin films, through which the
practical application of these films is known. Therefore, the
optical behavior is closely related to the crystalline structure of
the material and the structure of the energy levels [15].

Permeability

The transmittance spectrum was measured using a
spectrometer for a range of wavelengths (320-800nm), and all
curves were plotted with respect to the wavelength. Figure (2)
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shows the change in transmittance values for grafted and
annealed membranes at T=350°C for MgO_(40%) and
ZnO_(60%) It is noted from the figure that the transmittance
values begin to gradually increase with increasing wavelength,
and this indicates a decrease in their granular sizes as a result
of grafting, after which they stabilize at the wavelength (320-
480) nm [14].

As for the grafted and annealed membranes T=350°C for
MgO_(60%) and ZnO_(40%), it was found that the
permeability differed with the annealing temperature, which
indicates that thermal annealing has reduced its value because
annealing has increased the cohesion of the grains and thus
increased their size. As shown in Figure (3). [14]
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Figure (2): Change in permeability values for grafted and annealed membranes MgO_(40%) ZnO_(60%0)
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Figure (3): Change in permeability values for grafted and annealed membranes MgO_(40%), ZnO_(60%0)

Absorbency

Figure (4) shows the decrease in the absorbance values of the grafted and annealed films at T=350°C for MgO_(40%) and
Zn0O_(60%). The decrease is sharp in the visible spectrum region within the wave range (350-620)nm and then begins to stabilize

after this range of the spectrum. [16]
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As for Figure (5), it shows the decrease in absorbance values for the grafted and annealed films at T=350°C for MgO_(60%)
and ZnO_(40%). It is noted from the two figures that the absorbance values differ with the annealing temperature, and the reason
for this is the emergence of new phases as a result of annealing. [16]
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Figure 5: The absorbance values of the grafted and annealed films MgO_(60%) ZnO_(40%)
Reflexivity

As for the reflectivity spectrum of the grafted and annealed films at T=350°C for MgO_(40%) and ZnO_(60%), it showed no
change at high photon energies, and therefore its increase indicates a phase change in the crystalline structure of those structures.
The reflectivity increased with the annealing temperature. 'As in Figure (6). [16]

As for the prepared films grafted and annealed at T=350°C for MgO_(60%) and ZnO_(40%), it is noted that the reflectivity
spectrum is not affected by the annealing temperature within the range (320-550)nm, and after this range we notice a sharp
decrease in its value with increasing wavelength. The effect of annealing appears on the structures, which leads to a change in the
phases of the structures, as in Figure (7).[15]
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Figure 6: The reflectivity spectrum of the grafted and annealed films
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Figure 7: The reflectivity spectrum of the grafted and annealed films MgO_(60%) ZnO_(40%)
Refractive index

The refractive index curve was drawn as a function of wavelength. It can be seen from Figure (8) that the refractive index
differs for the grafted and annealed films at T=350°C for MgO_(40%) and ZnO_(60%), then the refractive index stabilizes in the
range (320-550))nm, and begins to decrease sharply in the spectral range (550-620)nm. The refractive index fluctuates with the
annealing temperature. [16]

Figure (9) shows the difference in the refractive index of the grafted and annealed films at T=350°C for MgO_(40%) and

Zn0_(60%), which behaves similar to the reflectivity curve due to its association with them. [16]
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Figure 8: The difference in the refractive index of the

grafted and annealed films MgO_(40%) ZnO_(60%)
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Figure 9: The difference in the refractive index of the grafted and MgO_(60%) ZnO_(40%)

Energy gap

The recrystallization of the prepared films depends on the energy gap, which is affected by the annealing temperature, or the
corresponding increase or decrease in the energy gap. The optical energy gap of the grafted and annealed films at T=350°C and in
the ratio of (MgO_(40%) and ZnO (60%) %) It was found by drawing the relationship between (ahv)"2 and (hv) and from the
188
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intersection of the straight part of the curve (¢hv)*2=0. The value of the energy gap appears from the point of intersection as in
Figure (10), as it was found that the energy gap increases at The annealing process is performed and its value ranges, respectively,

before and after annealing (3.1eV) and (3eV), due to the local levels between the valence and conduction bands, as well as the
crystal structure of the membrane, and this is consistent with published research [17-19].

The optical energy gap of the grafted and annealed films at T=350°C (MgO_(60%) and ZnO_(40%) ranged (2.55 ev-3 ev) as
in Figure (11). The reason for this is due to the change in compositions. The interior of the membrane, as scanning electron
microscope images show clusters of granules in different shapes and at annealing temperature [15].

400 -~
After annealing at T=350°C

350 A
3000 -

300 -
? 250 - 2500 -
EZOO | o 2000 -
3150 - _g 1500 -

=
100 - = 1000 -
50 500 -
0 - T T T T 1 0 T T ]
1.4 19 24 29 34 39 44 1 3
E (ev) E (ev)

Figure 10: Energy gap increases at the annealing process MgO_(40%) ZnO_(60%)
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Figure 11: The optical energy gap of the grafted and annealed films MgO_(60%) ZnO_(40%o)
Scanning electron microscope (SEM) results

The scanning electron microscope (SEM) images of the grafted and annealed structures showed a ratio of (MgO_(40%) and
ZnO_(60%). We notice that there is homogeneity in the crystalline structure. After performing the thermal annealing process at
temperatures (T=350 °C), it was found that its effect was It is clearly visible on the structures, but in a negative way, which leads
to the merging and cohesion of the granules, increasing their granular size. We notice a change in the structural structure of those
prepared membranes, such that these nanoclusters transform into unknown shapes [20-21], as in Figure (21).

Scanning electron microscope (SEM) images of the grafted and annealed structures (MgO_(60%) and ZnO_(40%)) showed
structural homogeneity of the grains before performing the annealing process at temperatures (T=350 °C). After annealing these
films, the aggregation of these grains and their cohesion with The temperature increases, and thus its granular size increases, and
this is accompanied by the appearance of some unknown geometric shapes with some surface defects, as in Figure (31).[14].
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Figure 13: Scanning electron microscope (SEM) images of the grafted
XRD spectra

Through the results of X-ray examinations (XRD) of the grafted and annealed films at a temperature of 300(_1"0)C and in
the proportions of ( (MgO_(40%), ZnO_(60%), (MgO_(60%), and ZnO_(40%) (We notice a decrease in the intensity of the
spectrum with temperature, which in turn led to a deterioration in the crystalline structure of the grafted films [20-21]. Which were
matched with the international cards bearing the numbers (ICDD 00-041-1292) and (ICDD 01-079-0208).) and (ICDD 00-001-
1141), as shown in Figures (14), (15), (16), and (17).
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Figure 14: The crystalline structure of the grafted films (Mg040% Zn060%) ICDD
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Figure 15: The crystalline structure of the grafted films T=350°C (Mg040% Zn060%)
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Figure 16: The crystalline structure of the grafted films T=350°C (Mg060% Zn040%) ICDD

Zn0O(0.8)+Mg0O(0.2) at 300°C
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Figure 17: The crystalline structure of the grafted films T=350°C (Mg060% Zn040%)
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Conclusions

1

2)

3)

4)

5)
6)

It has been observed that the grafting process of films
reduces the optical properties (reflective transmittance,
refractive index and energy gap).

All the prepared membranes were of polycrystalline and
hexagonal structure.

X-ray diffraction measurements and scanning electron
microscope images showed that the granular structures of
the prepared films fall within nanostructures.

The prepared films have preferred grain growth
directions at (111)(110)(002)(112)(102).

Optical properties increase with the annealing process.
The optical energy gap increases with increasing
annealing.
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