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Abstract: The thickness of ZnO thin films synthesized by spray pyrolysis is estimated using
artificial neural network. The thickness of spray deposited ZnO film depends on various
parameters mainly it depends on concentration of precursor, substrate temperature and time
of deposition. In the present work, the three important parameters are estimated in order to
obtain a film of particular thickness. Moreover, the characteristics of ZnO film are influenced
by the thickness. In order to estimate ZnO film thickness the given data are trained with an
accuracy of about 0.002 percent. The film thickness of spray deposited ZnO around 100nm –
500nm can be obtained in lower molar concentration in the range of 0.15M – 0.4M with
increasing the temperature and deposition time duration. The desired film thickness of ZnO is
reported in the present work to reduce the tedious experimental procedure.
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1. Introduction

Zinc oxide (ZnO) is one of the promising semiconducting metal oxides, which find its wide
applications due to its direct band gap of 3.37eV [1] at room temperature and high exiton bonding energy
60meV [2]. ZnO is one of the most attractive transparent conducting oxides [3]. Also it has unique properties
such as high transmittance [4] in the visible solar region-high transmittance up to 85% in the visible range.
Furthermore, it has high chemical and physical stability, high electrical conductivity and high refractive index
[5]. The conductivity of ZnO can be increased by thermal treatment with hydrogen or other doping process.
Moreover, ZnO have potential applications in transparent electrode [6], flat panel display [7], organic light
emitting diode, solar cell [7] manufacturing as transparent and antireflective coatings, field emission device,
sensor, ultrasonic oscillators, transducers, photo protective coatings [8], surface acoustic wave device. They are
also used for manufacturing laser diodes [9], piezo-electric devices [10], electronic and optoelectronic devices
[11, 12] and field effect devices, schottky diodes [13 ], UV detectors [14], acoustic resonators [15] and electro-
luminescence displays [16].

The synthesis of ZnO thin films and nanoparticles can be prepared by pulsed laser deposition [17],
metal organic chemical vapour deposition [18], dc reactive magnetron sputtering-atomic layer deposition [19],
sol-gel method [20], radio frequency magnetron sputtering [21], chemical spray pyrolysis [22], ion-beam
assisted deposition etc. Few of these techniques provide promising options for large-scale production and a
good potential for scale up. Even though there are many method used in the synthesis of ZnO thin films, spray
deposition of ZnO thin films are widely used due to its simplicity and the wide range of tunability of  band gap,
carrier  concentration  and  resistivity  of  the  film.  However,  the  deciding  factor  of  carrier  concentration  and
surface resistance depends on the thickness of the film. Moreover, estimating the thickness of film on different
parameters experimentally is a tedious work and also time consuming. Artificial neural network (ANN) gives
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solution to this problem for optimizing the thickness of the thin film by giving the input parameters. Besides,
ANN provides data with higher accuracy within a short duration of time. The thickness of ZnO films prepared
using spray pyrolysis technique depends on different deposition and post-deposition conditions such as the
concentration of precursor, substrate temperature, spray rate, nozzle to substrate distance, pressure of carrier gas
and annealing. In the present work, thickness of spray deposited ZnO thin films are calculated using ANN and
the results are reported.

2. Computational details
In the present work, to estimate the thickness of ZnO films by spray pyrolysis method, ANN have been

employed to predict the output (thickness of the films) value for the given desired input parameters
(concentration, substrate temperature and time of deposition). The thickness of the film is influenced by the
precursor solution. Besides, the concentration in molarity, temperature in Kelvin and time in minutes are taken
as input parameters. The thickness of the film is predicted based on the given values of concentration,
temperature and time of deposition. Moreover, the input data given to ANN for spray pyrolysis method is
consolidated from the reported work [23-32]. Initially the data are given as input and they are trained with an
accuracy of 0.002 %. Then queries are made to ensure the accuracy of the thickness. Besides, they are found to
coincide with that of the given data. Furthermore the unknown parameters are given as input and the
corresponding output are recorded.

Fig 1 . Architecture of ANN to estimate ZnO film thickness

The architecture, learning algorithm, which is used in the transfer function and the number of neurons
influences the computation of the artificial neural network.  Back propagation algorithm (BPA) neural network
have been used to estimate the thickness of the ZnO film. In this work, Figure 1 represents the simple
architecture of ANN for the determination of ZnO film thickness, it has three input parameters in the input
layer, four neurons in the hidden layer and one neuron in the output layer thus, constituting a simple
architecture. Generally BPA is a supervised learning algorithm, which reduces over all systems to minimum
and it uses the sigmoid activation function f(x)=1/1+e-x. In general, an interconnection between the input,
hidden and output layers are established during the learning and training process. The signal transfer between
the layers is enabled because of the interconnection between the layers. Furthermore to add, the determination
of intensity of the signals is achieved with the help of the weights of the corresponding signals. This can be
done by iteratively changing the weights of the corresponding signals between the neurons and the sum of the
squared errors between the calculated weights and expected weights can be minimized by the model selected.

During the learning process, the initial weight vectors W0 are updated using the following equation,

Wi(k+1)=Wi(k)+μ(Ti-Oi)f’(Wixi)xi

where Wi is the weight matrix associated with ith neuron , xi is the input of ith neuron, Oi is the actual output of
the ith neuron, Ti is the target output of the ith neuron and μ is the learning rate parameter.
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Training process
For growing the network the results obtained from the experiments [23-32] were used. The

concentration of the solution, substrate temperature and time of deposition are given as the input parameters in
the three input nodes and the thickness of  ZnO film is obtained as output.

Testing process

After back propagation training of the neural network with the data obtained from the spray pyrolysis,
test rows are generated, then the accuracy of the neural network is tested by giving input and trained once again.
The results obtained have been found to have an error of 0.02968 percent and the accuracy of the results is
validated.

3. Results and discussion

The thin film deposition using the spray pyrolysis technique involves spraying a precursor salt solution
onto the preheated substrate. The morphology of the film depends on the precursor solution, substrate
temperature and the geometry of the atomizer. The atomized droplets strike the substrate surface, spread into
substrate surface and undergo thermal decomposition. The morphology of the spray deposited film depends on
the momentum and volume of the droplet, as well as the substrate temperature. Besides, the film with different
morphology is influenced by metal salt being converted into oxides on the preheated substrate. The schematic
diagram is  shown  in  Fig  2.  The  chemical  reactants  are  selected  such  that  the  products  other  than  the  desired
compound are volatile at that temperature of deposition. The precursor solution is the second important process
variable. Solvent, type of salt, concentration of solute in the solvent and additives influence the physical and
chemical properties of the precursor solution. Therefore, structure and properties of a deposited film can be
tailored by changing composition of precursor solution. Initially to estimate the film thickness of ZnO about 50
data were given and trained.

Fig 2. Schematic diagram of spray deposition

The data extracted have been trained with an accuracy of 0.002 percent. Initially the queries were made with the
existing data. Considering a particular thickness value, the same input parameter values as that of the given data
say, the concentration was 0.05 M, temperature as 600 K and time of deposition was 40 minutes.

In the present work, zinc acetate dihydrate [Zn(CH3COO)2.2H2O]  is  taken  as  precursor  salt  and
precursor solution is prepared in the deionized water. Initially to optimize the film thickness of ZnO about 50
data were given and trained. The data extracted have been trained with an accuracy of 0.002 percent.
Furthermore the queries were made with the existing data. Then the values of the input parameters were taken
for the concentration of 0.15 M, temperature of 623 K and time of 30 minutes and the thickness was found to be
310.7 nm. We observed the change in the value of the thickness of the film according to the changes made in
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the input parameter values as shown in Fig 3. Moreover, the morphology of ZnO film depends on deposition
time and substrate temperature.

Fig 3. Flow chart of various ZnO film thickness using spray deposition

Fig. 4 Data set given for training of ANN collected from various literatures Ref. [22-33]

Furthermore, to obtain a film of thickness of 200-300 nm, the concentration should be 0.01-0.03 M and
temperature should be around 550 K with time duration of 30-60 min. In order to obtain a film of thickness
300-500 nm, the concentration should be 0.2-0.35 M and the temperature should be around 600 K for time
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duration of 45-60 min. Besides for a film of thickness of 500-600 nm, the concentration should be 0.35-0.4 M
and the temperature should be around 723 K with the time duration of 90 min. It is possible to achieve the film
thickness of 300-400 nm in low molar concentration with 600-700 K temperature.  Moreover, the thickness of
the film increases with increasing the solution concentration and deposition duration. After training ANN the
queries were made with the existing data. For instance, the thickness of the film when the concentration was
0.05 M, temperature 520 K and time of deposition 60 minutes was found to be 264.67 nm. Then the values of
the input parameters were taken as 0.15 M, 623 K, 30 minutes as concentration, temperature and time of
deposition respectively and the thickness was found to be 310 nm. Thus by varying the input parameter values
namely concentration, temperature and time of deposition the thickness of the films can be obtained. We
observed the change in the value of the thickness of the film according to the changes made in the input
parameter values. They are estimated so as to get accurate values. After optimization the following results were
found. To obtain a film of thickness 200-300 nm, the concentration should be 0.01-0.15 M and temperature
should be around 550 K with spraying time of 60 minutes. In order to obtain a film of thickness 300-500 nm,
the concentration should be 0.2-0.35 M and the temperature should be around 600 K is required with time
duration of 45 minutes. To obtain a film of thickness 500-600 nm, the concentration should be 0.35-0.4 M and
the temperature should be around 723 K with the deposition time of 40 minutes.

Conclusion
In summary, the thickness of spray deposited ZnO thin film is estimated using artificial neural network.

In order to prepare the film thickness of 300 nm, the concentration of precursor solution should be around 0.2
M, substrate temperature should be maintained at 550 K and the time of deposition should be 30 minutes.
Furthermore, for the film thickness of 400 nm, the concentration of the solution is around 0.25-0.35 M,
temperature is kept at 600 K and the time of deposition should be 45 minutes. A film of thickness of 500 nm
can be obtained when the concentration of the solution is around 0.35-0.4 M, temperature is maintained at 700
K and the time of deposition is nearly 60 minutes.  Besides, thickness of ZnO film can be controlled over a
wide range. Film of thickness ranging from 100-500 nm can be obtained with the concentration of the solution
being 0.15-0.4 M and the substrate temperature should be in the range of 500-600 K and time of deposition is in
the interval of 45-60 minutes. Thus, artificial neural network eliminates the tedious experimental procedures
and  characterization  to  obtain  a  definite  ZnO  film  thickness.  Moreover,  it  also  reduces  the  time  and  cost  to
synthesize a particular thickness of ZnO film.
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