
Abstract
Based on the sample’s texture and colour changed at various temperatures, this study examined the optical-thermal dependency of 
chiral nematic liquid crystal ink samples. This work examines ZnO thin films from an optical and structural standpoint. The required layer 
thickness was produced by spinning a zinc oxide solution over a cleaned glass substrate at 4000 rpm for 30 seconds at room temperature. 
The samples were then subjected to annealing, which was done from 150 to 600°C in increments of 50°C. This thin coating’s optical 
characteristics were examined using an electron microscope and an ultraviolet-visible spectrophotometer. The optical transmittance, 
reflectance, and absorbance of zinc oxide were measured to estimate its optical band gap. When a light beam is transmitted or reflected, 
photonic crystals can display pertinent optical characteristics. The reflecting qualities in particular can be of interest in a two-dimensional 
photonic crystal and subsequently tuned for many technical applications, including selective high-reflection mirrors, photovoltaic 
solar systems, tuneable laser cavities, and many more. The development of Si has enabled the investigation of the reflective optical 
characteristics of two-dimensional photonic crystals grown on hybrid ZnO substrates with 10-45 nm size. 
Key words: Photonic crystal, Sonication, Composite materials, ZnO-Si, Thermal annealing effects, and Photonic devices. 
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Introduction
The capacity to manipulate the passage of photons in matter 
makes photonic crystals one of the most innovative and 
exciting achievements in the field of materials research. 
A photonic structure has the ability to function as a beam 
splitter, a selective transmitter/absorber of light, a wave 
guide, a light extractor in light emission diodes (LEDs), and, 
generally, a light processor in optical integrated circuits (D. 
Neelima Patnaik & Vardhani C.P. 2019). Undoubtedly, these 
and other innovative photonic crystal applications have 
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the potential to replace or enhance some electronic device 
functions, and they do so with a number of important 
benefits, such as processing speeds that are on par with the 
speed of light in a vacuum (Edagawa K et al., 2008), (Pustai 
D. M et al., 2002). Among many other possible applications, 
photonic devices can be utilized in a variety of fields of 
interest, including telecommunications, for instance, in 
wavelength division multiplexing and modulation (Chaisakul 
P et al., 2014). Due to their ease of production using methods 
created for the electronics industry, such as chemical 
assisted ion beam etching (CAIBE), reactive ion etching (RIE), 
and more recent methods like focused ion beam milling 
(FIB), two-dimensional photonic crystals are of great interest 
(Smit M et al., 2012). We wish to show that we can modify 
the optical reflectance spectrum by inserting a variety of 
optical micro-cavities within the photonic construction. 
Another explanation for the high optical reflectance is a 
two-dimensional photonic crystal with a collection of micro-
optical cavities. To put it another way, it is suggested in this 
study that optical micro-cavity arrays be used to create 
a strong wave coupling in a photonic structure that can 
improve its reflective qualities at the chosen wavelength. 
The implications of adding an optical cavity or two to 
photonic crystals have previously been investigated in 
research papers that have been published in the literature. 
These cavities or defects are often characterized by a linear 
section of these flaws and a point defector, which together 
form a waveguide (Abe H et al., 2015). There are oscillation 
modes that have been developed in the cavity that display 
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highly nonlinear wave resonance effects. Additionally, wave 
coupling has been noted as a result of the interplay between 
the recognized oscillation modes with structural flaws that 
disrupt the periodicity of the holes in the photonic crystal, 
which is typically a triangular lattice (Hennessy K et al., (007).

Literature review
Spin-coating was utilized to deposit ZnO on a glass substrate 
because it is simple to cover large areas and can be processed 
at low temperatures. It may also be used to create uniformly 
composed porous oxide films with many components 
(S. Sanjeev & D. Kekuda. 2015). In traditional spin-coating 
methods, the spin-coater was spun up, the program was set 
up, liquid was dispensed, and the program was performed 
in ambient circumstances at room temperature (S. Yusan et 
al., 2016). ZNO solution may be spin-coated over a previously 
cleaned glass substrate for 30 seconds at 4000 rpm (K. G. 
Kanade et al., 2006). The film’s thickness must be achieved 
by a succession of coating and drying cycles. Because of its 
slow rate of evaporation and lack of apparent absorption 
or emission (ZnO), dissolving zinc oxide in ethanol is 
achievable. A combination of ZnO powder and ethanol 
must be sonicated for three hours in order to do this (M. 
Sabbaghan et al., 2012). An ASPEX 3020 scanning electron 
microscope (SEM) and an Avantes Avalight-DH-5-BAL UV/V 
is spectrophotometer are used to help it comprehend 
the optical characteristics of ZnO thin films. ZnO serves 
as an essential semiconductor in organic electronics and 
is utilized in many different applications, including solar 
cells and optoelectronics. On a glass substrate, ZnO can 
be coated by spray pyrolysis, thermal vacuum deposition, 
sputtering, or spin coating, for example.(E. Darezereshki et 
al., 2011), (H. Wanget al., 2013). Zinc oxide can be used in 
solar cells as an electron transport layer since it is a low-cost 
n-type semiconductor with great thermal and mechanical 
stability at ambient temperature. It is very photo-stable 
and has a wide range of ray absorption capabilities. ZnO 
is a commonly used heterogeneous catalyst and essential 
N-type semiconductor. It is cheap, nontoxic, insoluble, and 
has good catalytic activity (A. Kołodziejczak- Radzimska & T. 
Jesionowski. 2014). ZnO is a particularly significant material 
since it also has a number of other characteristics, such 
as a wide-bandgap semiconductor with a high excitation 
binding energy of 60 MeV. There is a lot of interest in ZnO 
since it is a commonly accessible and affordable substrate 
layer for electrical processes like solar cells and flat panel 
displays (C. C. Chen et al., 2008).

Experimental Details
In the initial phase of this study, numerical simulations of the 
optical characteristics of two PhCs were carried out using 
both custom software created by our research team based 
on the finite element method and commercial software such 
as Comsol Multiphysics ( Klinton Davis et al., 2019).

The experimental production of the 2D triangular lattice 
photonic crystal structure using ZnO sheets. In Figure 1, 
ZnO is conceptually represented as a B(n)/ZnO/c-Si(p) 
hetero-junction. Starting out, the plasma enhanced 
MOCVD technique is used to create ZnO films on c-plane 
sapphire substrates that range in thickness from 10 to 
45 nm. According to the defined region of the film’s electron 
diffraction pattern, single crystalline ZnO is created along 
the c-axis. The films are then etched with triangular latticed 
arrays of cylindrical air columns by a focused Ga3+ ion beam 
that has been accelerated to 30 KeV and 30 pA current. 
Focused ion beam (FIB), a method that has been extensively 
utilized for mask-free and resistless nano-scale patterning, 
enables precise control of the position, size, and density of 
the air cylinders in the ZnO films. Due to the tiny hole size (r 
30nm) and technical restrictions of the etching apparatus, 
some deviation from perfect periodic patterns cannot 
be avoided. The SEM image of one of our typical PhCS 
samples in Figure makes it very evident. The apparent non-
roundness of the air holes is due to sample drifting during 
etching and the facility resolution limit. A little bit smaller 
and very close to vertical is the bottom radius of the side 
wall of air holes, which is not seen here. Due to the etching, 
which produces etched patterns that are generally 8 x 8 m 
in size, the photonic layer is somewhat thinner than the film 
in locations that are not patterned. The bombardment of 
Ga ions during the FIB etching process severely degrades 
the ZnO’s crystalline quality, and the patterned region’s 
photoluminescence emission is significantly lower than that 
of the unpatterned area. In order to repair this damage, we 
found that annealing the patterned films in oxygen for an 
hour at 600°C partly restores the emission.

Material and Methods
ZnO powder and glass slides were supplied by Sigma-Aldrich 
for use in this investigation.

ZnO Sample Solution Preparation
The ZnO powder, 10 to 45 nm, was obtained from 
Sigma Aldrich and mixed with an ethanol solution. The 

Figure 1: Schematic structure of ZnO:B(n)/ZnO/c-Si(p) 
Heterojunction input parameters used in the present simulation
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homogenous mixture and ZnO powder were totally 
dissolved in the solution after three hours of sonication at 
room temperature without heating. It was decided to utilize 
ethanol as a solvent since it doesn’t absorb or emit light in 
the visible spectrum.

Substrate Preparation
The substrates for this experiment were glass slides with a 
dimension of 25.4 by 76.2 mm. The substrates underwent 
a second round of washing and an ultrasonically-assisted 
15 minute 30°C rinse before being put to use. Following 
a blow-drying procedure in a nitrogen atmosphere, an 
ultrasonic bath at 30°C for 15 minutes was used to remove 
the isopropanol acid [IPA].

Deposition of ZNO on the substrate using spin-Coater
To serve as a delivery point for a solution, a pre-cleaned 
substrate was mounted on a spin-coater stub, model 
WS-650MZ-23NPP. After the program has been run and the 
solution has been applied, the substrate has been given a 
brief window of time to absorb it. ZnO solution was spin 
coated on a glass substrate for 30 seconds at 4000 rpm 
while it was still warm to the touch to create a layer that 
was 35 nm thick. To achieve the necessary film thickness, 
many cycles of coating and drying are needed. Spreading 
the liquid occurs at low rotational speeds, whereas moisture 
removal occurs at high rotational speeds. Its lower cost 
and shorter implementation time are two benefits of this 
approach. The samples are heated to 150°C for an hour, 
after which all non-ZnO components are removed, and 
the samples are then gently cooled to room temperature. 
The PLD system was vacuumed to 1.210 to 4 Pa (99.999%), 
and then high quality oxygen at a pressure of 0.13 Pa 
was fed into it. The ZnO target was abraded by a focused 
pulse laser beam while the substrate was heated to 600°C 
through an optical window in the system chamber. After the 

15 minute deposition, this sample of ZnO/Si material was 
made. We employed the JCK-500A RF magnetron sputtering 
apparatus, which sputtered GaN target onto a ZnO buffer 
layer, to produce thin GaN films. The target made of sintered 
GaN is pure to 99.999%. 3.210 to 4 Pa served as the system’s 
vacuum. The system was run on high-purity argon gas at a 
partial pressure of 2 Pa. The sample was sputtered with 150 
watts of electricity over the course of 90 minutes.

Samples Characterization
4 Srw 21-501042 The furnace was a carbolite tube. The 
preheated samples were annealed for 60 minutes in 
increments of 50°C at temperatures ranging from 150 to 
600°C, and then they were cooled in argon gas to room 
temperature. The control sample was left untreated. The 
word “annealing” describes the procedure of heating a 
material over its critical temperature, keeping it there, 
and then quickly cooling it. This approach allows for 
the improvement of cold working qualities, ductility 
enhancement, material softening, internal stress relief, and 
ductility. (Sunday Wilson Balogun et al., 2017).

Results and Discussions
A scanning electron microscope (SEM) was used to get 
pictures of the materials’ surfaces. All of the samples had to 
be cut to the appropriate size in order to fit the specimen 
stub of the SEM.

Morphological Characterization
At different magnifications, SEM is a useful technique 
for analyzing the surface morphology of materials. to 
investigate the sample’s surface behaviour. The SEM 
morphology of the samples was investigated. Figure, 
which illustrates the sample at temperatures of 150, 350, 
and 500°C, displays the surface morphologies of samples 
cooked to various degrees. The morphology of the samples 
changes from Figures 2 to 4 depending on the annealing 
temperature. The surface was seen to be rougher the higher 
the annealing temperature. It’s probable that an increase in 
grain size results from raising the annealing temperature 
when these morphological pictures occur.

Increases in photon energy absorption are associated 
with rising annealing temperatures. Furthermore, it shows 
that transmission grows with increasing wavelength 
and decreases with increasing annealing temperature, 
respectively. Thin zinc oxide coatings were created on a 
glass substrate by annealing it at temperatures between 
150 and 600°C in increments of 50°C. The absorbance rose 
with higher annealing temperatures, but it dropped when 
wavelengths were raised. The research demonstrates 
that the morphological and optical properties of ZnO 
thin films are affected by the annealing temperature. The 
transmission spectra of the films were assessed with a UV-vis 
spectrophotometer. Visible spectrum transparency is quite 

Table 1: Parameters used in the simulation 
[https://pubs.rsc.org/2019]

Parameter ZnO Si

Thickness/nm 10–45 1 *105–3* 105

Dielectric Constant 7.8 11.9

Electron affinity (eV) 4.5 4.05

Band Gap (eV) 3.37 1.12

Effective Conduction band density (cm3) 2:2 * 1018 2. 8 * 1019

Effective Valence band density (cm3) 1.8*1019 1.04 *1019

Electron Mobility (cm2 V -1 s-1) 5 1040

Hole Mobility (cm2 V -1 s-1) 1 412

Acceptor concentration (cm-3) 0 1*1016

Donor concentration (cm-3) 1.7*1017 0

Thermal velocity of electron (cm/s) 1.*1017 1.*1017

Thermal velocity of holes (cm/s) 1.*1017 1.*1017

Layer density (g/cm-3) 5.606 2.328



837 Synthesis and structural feasibility of photonic materials

high for the films. Extinction coefficients, however, have 
been developed. As the annealing temperature rose, the 
extinction coefficient of ZnO films changed a little. Here is 
a preliminary estimate of the bandgap value for bulk ZnO. 
The band gap is reduced as annealing temperature is raised. 
As annealing temperature rises, surface roughness of the 
samples increases as grain size grows and Eg decreases as 
a result.

Numerical Simulations
Numerous astounding conclusions concerning the optical 
characteristics of each PhC under consideration were 
reached from the numerical computations made in this 
study. The spectrum optical reflectance of the photonic 
crystal comprising the array of optical cavities first revealed 
an odd behaviour. The optical reflectance computed for the 
two photonic crystals examined in this study is shown in 
Figure 5(c). The measurement for the control sample PhC1 
is represented by a dashed line, whereas the measurement 
for sample PhC2, which has a variety of optical cavities, is 
represented by a solid black line. For instance, as seen in 
Figure 5b.

Photonic Band Calculation
The calculations of the photonic bands structure of both the 
examined materials were done using numerical simulations. 

It was presumed that periodic boundary conditions (PBC) 
would be used to account for the periodicity of the structural 
factors defining each PhC under study. The SEM images 
of the PhC1 and PhC2 samples are shown in Figures 6a 
and b, respectively. Calculation of the stimulated emission 
generation rate in silicon as a function of the incoming 
radiation’s wavelength is shown in Figure 6c in units of 
1/(m3s).

The reason for this is that it was discovered that the 
PhC2 sample has a significant number of photonic bands, 
which effectively make up an endless series of propagation 
frequencies that are permitted beyond the frequency of 
0.09 w/2 c. It is amazing to see in Figure that the computed 
photonic band structure for the PhC1 sample does not 
show any full photonic band gap around the normalized 
frequency corresponding to the wavelength range where 
the optical reflectance exhibited an increase. For the relevant 
frequency ranges in the structures of both photonic bands, 
to the sample PhC2. In fact, it is logical to anticipate that 
the PhC2 sample’s photonic band structure will largely 
resemble the PhC1 sample’s photonic band structure. A 
large number of permissible states are introduced into the 
frequency domain by the cavities array included in PhC2, 
though. This is because the optical cavities in the PhC2 
sample are continuous thin film regions without any air holes 
that result in a significant number of permitted bands below 
the frequency range of 1.32 to 1.36 w/2c in the photonic 
band structure.

The following are the primary causes for the improvement 
in the antibacterial activity of manufactured nanoparticles: 

Figure 2: (a) SEM image of ZNO-with Si film annealed at 150°C 
(b) 200°C

Figure 3: (a) SEM image of ZNO with-Si film annealed at 300°C 
(b) 400°C

Figure 4: (a)SEM image of ZNO film annealed at 500°C (b) 600°C

Figure 5: (a) Schematic diagram of the structural parameters of 
a section of the photonic crystal PhC2 considered in numerical 
simulations, (b) a section of the PhC2 showing the holes diameter, 
and the lattice constant of the square array of air-filled holes, and the 
diameter of one of the optical cavities. (c) Calculated optical reflectance 
for the control sample PhC1 represented by a dashed line, and the test 
sample PhC2 denoted by a continuous solid black line, respectively. 
The squares and the dots represent the experimental measurements 
for the PhC1 and PhC2, respectively, which have been joined by a 
dashed blue line and a solid green line, respectively, for eye guidance 
only. (d) Analysis of the control sample’s photonic band structure using 
numerical simulations One-layer ZnO-Si substrate is machined to form 

a regular square lattice of holes filled with air for PhC1.
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The optical band gap for the nanoparticles ranged from 
3.33 to 3.41 eV based on the UV on-set, which was much 
higher than the optical band gap for nanorods made in a 
DMF solvent solution, which ranged from 3.1 to 3.24 eV. Due 
to the varied solvents used during their manufacture, ZnO 
nanorods had maximum absorption maxima ranging from 
3.30 to 3.39 eV, with acetonitrile producing nanorods with 
the lowest optical band gap at 3.10 eV. ZnO nanorods formed 
in xylene and toluene have an optical band gap of 3.20 eV 
0.04, whereas those made in toluene have a band gap of 3.22 
eV 0.010. Because of its crystallinity, crystal growth facets, 
and grain size, all of which are changes in the optical band 
gaps, the nanostructured ZnO, which is shown in Figure 9 
a&b, has a smaller effective band gap than its bulk value 
of 3.37 eV. According to various authors, these postulates 
simplify the mathematical equations that are employed to 
describe the optical characteristics of the layer of material 
under study. Therefore, just the measurement of TD and 
RD were required for the current situation. Because diffuse 
components predominate, it is noteworthy that the values of 
TD and RD nearly approximate the values of T and R utilized 
in M1 and M2.

Conclusion
We looked at the form and optical characteristics of zinc 
oxide thin films under various heating scenarios. While 
heating zinc oxide, the greatest visible spectrum photon 
absorption occurred at 500°C. Zinc oxide has the greatest 
extinction coefficient in the visible spectrum at 500°C. The 
band gap energy decreases with temperature, decreasing 
from 4.03 to 3.5 eV. On a glass substrate that has been heated 
over its melting point, zinc oxide temporarily changes 
how much photon energy it absorbs. The shortcomings 
necessitate annealing at a temperature greater than 500°C. It 
was discovered that surface roughness rises with zinc oxide 
thick film annealing temperature using an ASPEX 3020 SEM. 
It is common knowledge that as the heating temperature 
increases, zinc oxide transmission diminishes. ZnO films are 
suitable for use as buffer layers in solar cells because of their 
optical stability between 400 and 700 nm. The waveform of 
photon absorption at 600°C is different and is comparable to 
those that have been annealed at lower temperatures. When 
annealed at lower temperatures, the extinction coefficient 
of zinc thin films grows more gradually and linearly; but, 
when annealed over 600°C, it becomes more volatile and 
changeable than under other conditions.
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