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Implementation of an Avtomated Film Deposition Equipment under the sol/gel Dip-Coating Technigue

Abstract

We present the design, construction, and
implementation of thin film deposition equipment
based on the Sol/Gel dip-coating technique for the
fabrication of coatings under controlled deposition
conditions and working environment at ambient
temperature and pressure. The deposition system
includes a 304 stainless steel structure and a
moving platform that holds the substrate and is
transported along vertical axes at a deposition
distance of up to 30 cm in height. The mechanical
and electronic design was considered, using
computer-aided development and dimensional
validation (for the structure and the motion
transmission system) and the programming of the
system using the Arduino platform. The design
focused on the deposition speed control for the
functional equipment operations, whose operating
principle is based on a PWM scheme, achieving an
immersion/extraction speed parameter in ranges
between 1.5 cm/s and 3.5 cm/s (with a resolution of
+ 0.2 cm/s). The operation of the equipment and the
reproducibility of the deposits were tested by
studying the optical properties of CuCoMn
coatings on glass. A substrate
immersion/extraction speed of 1.5 cm/s and
precursor agitation time (0.83 h - 0.98 h) were used,
obtaining absorbances higher than 90%. In
conclusion, the implemented prototype will allow
the research group to produce reproducible thin
films of better quality than those made manually,
which can be produced at a low cost and offer the
possibility of sustainable maintenance of the
equipment.

Keywords: Dip-coating, open-source
programming, PWM, sol-gel, thin films.

Resumen

Se presenta el disefio, construccion e
implementacion de un equipo de depoésito de
peliculas delgadas basado en la técnica Sol/Gel dip-
coating destinado a la fabricacion de
recubrimientos bajo condiciones de depésito
controlados y entorno de trabajo a temperatura y
presion ambiente. El sistema de depoésito incluye
una estructura en acero inoxidable 304 y una
plataforma de movimiento que sujeta el sustrato y
se transporta a lo largo de ejes verticales una
distancia de depdsito de hasta 30 cm de altura. Se
consider6 el disefio mecénico y electrénico,
empleando un desarrollo asistido por computador y
validacion dimensional (para la estructura y el
sistema de transmisién de movimiento) ademas de
la programacion del sistema empleando la
plataforma Arduino. Para las operaciones de
funcionamiento del equipo, el disefio se enfoco en
el control de velocidad de depdsito, cuyo principio
de operacién se basa en un esquema PWM,
logrando un pardmetro de velocidad de
inmersidn/extraccién, en rangos entre 1.5 cm/s y
3.5 cm/s (con resolucion de + 0.2 cm/s). Se
comprob6é la operacion del equipo y la
reproducibilidad de los depoésitos mediante el
estudio de las propiedades dpticas de
recubrimientos de CuCoMn sobre vidrio. Se
emple6 una velocidad de inmersidn/ extraccion del
sustrato de 1.5 cm/s y tiempo de agitacion de los
precursores (0.83 h — 0.98 h), obteniendo
absorbancias mayores de 90 %. En conclusién, el
prototipo implementado permitird al grupo de
investigacion  producir  peliculas  delgadas
reproducibles y de mejor calidad que las realizadas
manualmente, que puedan producirse a bajo coste
y que ofrezcan la posibilidad de un mantenimiento
sostenible del equipo.

Palabras clave: Dip-coating, peliculas delgadas,
programacion de codigo abierto, PWM, sol-gel.
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Introduction

Of the different techniques used to manufacture thin films, such as chemical vapor deposition
(CVD), pulsed laser deposition, sputtering, etc., the Sol-Gel chemical route is one of the
easiest to apply. This technique stems from a colloidal solution formed from the precursor
elements of the compound to be obtained. The substrate is immersed/extracted from the
solution at a constant speed during the deposition process and subsequently subjected to heat
treatment. These parameters determine the physical and chemical properties of the film. A
constant linear velocity influences the thickness of the thin films obtained from the syntheses
due to the influence of gravitational forces during the extraction process, which goes beyond
the effect caused by the drying or dipping time, as formerly demonstrated [1].

The equipment known as dip coater is designed to operate exclusively for the dipping of a
substrate (an element that requires modification) and therefore lends itself to automation
since the process is relatively simple and repetitive. The thickness of the coating is
determined by the speed of extraction, the viscosity of the liquid is produced by the conditions
in which the precursor chemical solutions are prepared, and the environment of the deposit
(temperature and ambient humidity) [2]. Pérez Saura [3] and Adamek [4] stated how efficient
a dip coater is, mainly caused by the minimal waste production in the equipment, as any
excess solution returns to the dipping vessel to be used in the next layer application.

Easy-access and cost-effective instrumentation translate into process automation using
programmable development platforms and adaptable electronic components, whose open-
source environment allows microcontrollers to be customized to a system's needs. As a result,
free hardware, prototypes, or instruments that improve the quality of processes and
applications are obtained [5].

Different deposition equipment based on the dip-coating technique have been repeatedly
implemented in several ways [3]-[7], showing its reliable and cost-effective implementation.
Segura et al. [6] proposed dip coater equipment with a motion system formed by gears of
different radii, whereby motor speed is controlled by varying the pulse width according to
the PWM technique (Pulse Width Modulation) and the use of Arduino software.
Alternatively, another study found that speed control could be formulated using the PID
algorithm (Proportional-Integral and Derivative). The difference lies in the rigor with which
this procedure verifies the magnitude to be controlled. The deposition process must be
monitored and controlled, considering the need to deposit thin films with reproducible
properties. In this case, automation was performed at a low cost using open-source
microcontrollers [7].
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This document presents the design and control strategies used to construct dip coater
equipment to address the lack of this type of equipment for the development of materials and
applying low-cost instrumentation. Specifically, three objectives were addressed: the first is
the development of the mechanical and electronic facets, which range from motion
transmission to programming in microcontrollers.

Reference is also made to adjusting the engine speed used for instrumentation depending on
the variation of the lifecycle of a generated signal, comparing the theoretical values defined
by formulae with the experimental values obtained by measurement in the system. Moreover,
equipment behavior is observed by depositing CuCoMn coatings on glass substrates at a fixed
speed and by varying the stirring time of the sol-gel synthesis to study its influence on the
solar radiation absorption response in the UV-Vis range. Solar absorbers (with a high
absorption coefficient, greater than 90%) primarily convert solar energy into heat. This heat
reduces the electricity used for heat production and can save energy or serve as a possible
replacement for natural gas (fossil fuel). Commonly, copper pipes are used for heat transfer
by liquids. Thus, ideally, manufacturing coatings (that improve the solar absorption of
metallic surfaces) would imply an increase in the efficiency of absorption and use of solar
radiation [8]. The following sections discuss the entire design and development process and
an initial test of the equipment operation with coatings deposited in triplicate to determine
optical reproducibility.

Materials and methods

Dip-coater construction: Design of structure and mechanical components

Two approaches were considered in the design of the dip coater equipment: the mechanical
system in charge of motion and the electronic system, whose function is to implement a
programming algorithm for speed control. The mechanical design is the product of
prototyping and iterations, which can validate the movement and the form and use, based on
a CAD design in SolidWorks 2016.

The fundamental purpose of the structure is to support the different mechanisms that underlie
the motion transmission system. As a result, a 3D render is presented where the CAD model
of the structural system and its different components are displayed in an exploded view, as
shown in Figure 1.
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Figure 1. Exploded 3D structure rendering
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The construction of the first prototype was based on a 3D printing system (or CNC), and the
spindle or threaded shaft provides the motion power-driven by the direct current motor. The
mechanical components were mostly printed in 3D on ABS (Acrylonitrile Butadiene Styrene)
and PLA (Polylactic Acid), as this type of implementation minimizes assembly, type of
manufacture, and areas of weakness. It maximizes the performance of the mechanical
systems by optimizing the structure of the components found in the integrated system.

Motion system

A simple gear train was designed (see Figure 2), consisting of a central shaft coupled to the
DC motor, which transmits motion to the system. In addition to the mechanical system, there
are two driven gears, which transmit power to the spindles that allow the vertical motion of
the dipping platform.

Figure 2. Simple gear train.

Torque and speed ratio 1:1

Driven gear

Source: Own source
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The motion transmission system was calculated the required transmission ratio [9]. The
transmission ratio involves the diameter of the gears and the circular speed of each of them.
According to the structure of the support, it was decided that the transmission ratio would be
unitary, where the diameters of the gears are equal and measure 62 mm. The driver unit
comprises three axes: a driving shaft and two driving axes, with a distance between their
centers of 67 mm. Based on this information, the gears and their location within the system
were designed in CAD software, as shown in Figure 2.

Electric circuit and component design

The development of the electronic components consists of the modeling of a systematized
process based on open-source software. In itself, the algorithm contains the operational
electronic structure of the system, using C++ language features and commands, where
electronic components such as actuators, controllers, and peripherals are adjusted to obtain a
configurable device or a rapid prototype of digital microcontrollers [10].

This approach offers significant advantages, such as a simple programming environment
adaptable to any operating system allowing code manipulation for maintenance or
improvement of the operating algorithm. It also served as an integrable platform that allows
using different hardware devices and sensors designed exclusively to be coupled to this type
of electronic card. In order to implement this idea, a complete integrated circuit design must
be derived from the available software and hardware (Eagle, Arduino, CCS Compiler) (see
Figure 3).

Figure 3. Electronic operating diagram for the deposit system
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The following process was carried out: function design, iterative verification, and debugging
of the implemented electronic system to develop the electronic system of the dip coater
automated equipment.

The flow diagram shown in Figure 4 illustrates the operation process of a film coating system.
This procedure is established from the literature on similar systems [11]. The development
of the algorithm using free software platforms such as Arduino and the use of pre-assembled
hardware allows tests to be carried out on the proposed code, where the working capacity of
the equipment's microcontrollers was determined.

Figure 4. Flow diagram for the dip-coater deposition system
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Statistical analysis of the speed variable

An accuracy specification for a measurement represents the degree of uncertainty caused by
systematic errors of a particular measuring instrument. For the determination of the
experimental error of the equipment speed, the correlated input and output magnitudes are
expressed and then subjected to statistical analysis to calculate the expanded uncertainty of
the system at a confidence level or coverage probability of 95% (where the general formula
can be expressed as, Ue=U¢*K) [12]. Finally, the corresponding degree of uncertainty will be
associated with each speed value for the operating speed parameters.

For the accuracy test, four rotational speed measurements for each gear of the movement
system were taken, and the speed was varied with the change of pulses in the duty cycle for
the DC motor. A Mastech DT2234C tachometer with a resolution of 0.1 rpm was used to
perform the rotational speed measurement. The radius of each gear was measured with a
Mitutoyo, model CD-S6 "CP, series 1964, with a resolution of 0.001 cm.
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CuCoMn synthesis by sol-gel

Following the procedure formerly reported in the literature [13], a citric acid-supported sol-
gel variation was used to form absorbing surfaces on certain substrates. The reagents cobalt
nitrate [Co(NO3).*6H20, Merck, 99.0%], manganese nitrate [Mn(NO3)2*4H,0, Merck,
98.5%] and copper chloride [CuCl>*2H,0, Merck, 99.0%] were dissolved in absolute ethanol
[C2Hs0H, Merck, 99.9%] in relation to Co:Cu:Mn = 1:3:3. To enable hybrids obtaining citric
acid (AC) was added following the ratio AC/M+(metal ions)= 1.2. The solution was mixed
in a magnetic stirrer at a constant temperature for 1 h. To improve solvent interaction with
metal ions and achieve the formation of strong metal complexes [14], ethylene glycol (EG)
[C2H6O2, Carlo Erba, 99%] is added to the molar ratio EG/AC= 0.8, and 1 wt% Hydroxyethyl
cellulose -HEC [Merck, 92.0%].

The CuCoMn resulting solution was deposited at 1.5 cm/s (as the minimum speed value
provided by the equipment) at different stirring times (Table 1). Glass slides (75 mm X 25
m) were used as substrates, which were previously prepared by cleaning using industrial
soap, deionized water (18.2 MQ), and an ultrasonic bath in acetone and methanol for 20 min.
CuCoMn coatings were thermally treated in a tubular muffle in the presence of Ar for 30 min
at 450 °C (the temperature chosen was based on the DTG/TGA curves to ensure the stable
phases of each reagent while avoiding the melting point of the glass). Thermogravimetric
analysis (thermal decomposition and annealing temperature) and derived thermogravimetry
were performed using a simultaneous DSC-TGA thermal analyzer (TA instruments SDT
650). For each sample obtained, reflectance and transmittance spectra were measured using
a Thermo Scientific - Evolution 220 UV-VIS spectrophotometer with an integration sphere
(both types of spectra were used to find the indirect absorbance for all samples [15]).

Lastly, the surface images of the films were recorded using an 1X53 Olympus inverted
binocular microscope, while the thickness was obtained from a CEM DT-156 thickness
meter. In order to observe the reproducibility behavior of the constructed dip coating
equipment built for this experiment, three deposits were made, and the spectra were taken at
a point located at the same distance from the upper edge of each substrate.

Results and discussion

Speed control via PWM

The DC motor is generally the most commonly used type of direct current motor because the
rotational speed it produces is easy to control. It consists of a stationary body called a "stator,"
and a constantly moving body called a "rotor" [16]. The rotational speed depends on the
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interaction between the magnetic fields generated by both bodies. By controlling the current
flow through the windings, the magnetic flux can be controlled, thus controlling the motor
speed.

PWM technique, as mentioned earlier [17], [18]; is implemented to design the automated
control system for the dip coater prototype, which helps reduce the likelihood of failure by
providing a constant speed that controls the magnetic flux provided to the engine. This
method is in charge of emulating a type of analog signal (by pulses), varying the cycle of
work related to the time inactive state of the same signal [19]. Controlling is performed on
the actuator, connected to an H bridge driver that modifies the pulses on the mainboard
(Arduino Mega 2560). Characterization of the motor using indirect measurements in terms
of bits (0 -255) and rotational speed (using a digital tachometer on the gear train) made it
possible to establish the correlation between the two variables. Based on the tests performed
with the tachometer, the angular speed trend was analyzed concerning the pulses’
modification in order to establish the speed variation for the deposition system (see Figure
5).

Figure 5. Trend curve of the variation between pulses and angular speed
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Source: Own source

The mathematical relationship between these two variables is a second-order equation, as in
Equation (1), which is included in the open-source software and describes the equipment's
operational algorithm.

VRPM = 0.5124b% — 0.0013b — 3.593 (1)
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The function obtained corresponds to the motor’s angular speed adjustment. This equation
allowed us to choose the necessary ranges to deposit thin films. As shortcuts to the lowest
speed rates to deposit (between 1-5 cm/s), the Arduino microcontroller stored these rpm
values in specific control panel positions (keypad). Equation (2) calculates linear speed,
where r is the radius, and rpm is the angular speed:

v = rxRPMx0.105 2

Error uncertainty for the speed operation parameter

During the uncertainty calculation, two sources of uncertainty in the system variables were
taken into account: the random variations of the measurements and the resolution of the
measuring instruments. The combined uncertainty U of the output variable (linear speed),
can be expressed via the standard uncertainties of the input quantities (rotational speed and
radius) as follows in Equation (3).

U, = \/[(0.105 )% x u(rpm)?] + [(0.105 rpm)? * u(r)?] 3)

Where r is radius, and rpm is the measured rotational speed (uncertainty components). Table
1 shows the result of the determination of the expanded uncertainty U, from the combined
uncertainty Uc, with a coverage factor of 1.96 (i.e., 95% of the coverage probability). It can
be inferred that the uncertainty of the velocity parameter is £0.20 cm/s and that this value
remains constant for the speed range of the equipment.

Table 1. Estimation of the expanded uncertainty with coverage factor (k=1.96)

Theoretical speed Experimental U, Uy
[cm/s] speed [cm/s] [cm/s] k [cm/s]
15 1.52 0.104 196 + 0.20
2.0 2.04 0.106 196 + 0.20
2.5 2.56 0.108 196 + 0.20
3.0 3,08 0,109 196 + 0.21
35 3.60 0.109 196 + 0.21

Source: Own source
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Implementation of dip-coating system (mechanical-electronic articulation)

The main part of the dip-coating structure consists of a 304 stainless steel vertical support
with cylindrical linear guide rods and half-inch spindles. Both types of rods are made of
commercial steel, and a modified platform printed in 3D (PLA - Polylactic acid material)
connected to a sample holder moves along them. The mechanical part itself consists of a gear
train in a unit ratio (1:1) of force and speed, where the rotation movement through the guide
rods allows the conversion of linear displacement of the sample to the precursor solution.
The DC motor powers the driving gear, which transmits the movement from its periphery to
the guide rods through pinions or gears of equal dimensions. The prototype built (see Fig. 6)
measures (70.3 cm x 35.0 cm x 33.0 cm). Each mechanical component, such as bearing
carriers, bearings, etc., was designed using computer-assisted 3D design programs such as
SolidWorks 2016, AutoCAD, and Corel Draw, and then printed on ABS (Acrylonitrile
Butadiene Styrene), PLA and adapted to the equipment.

Figure 6. Assembled Dip Coater Deposition Equipment

Source: Own source

The function code controls the physical and logical behavior of the dip coating system
through a standardized structure based on open loops to regulate both the speed of rotation
and the deposition procedure, while the control system’s primary function is to maintain a
constant speed. The platform’s vertical position is detected by an ultrasound sensor HC-SR04
with a measurement resolution of £ 3 mm, for each sound pulse emitted [20]. These signals
are recorded in the micro controller's memory for future instructions by the algorithm. The
motor speed is controlled by modifying the voltage given to the motor according to the PWM
method, and here the analogWrite command of the Arduino microcontroller [21] was used
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to drive the motor at different speeds through the generation of pulses in the duty cycle
represented on a scale of 0 - 255 bits [22].

The connection between the Arduino and the DC motor is achieved through an Arduino
Motor Shield DFRobot, which uses an H L298P bridge that allows motors between 7-12 V
to be driven with a maximum current of 2 A. With the coupling of the LM2596 converter
module, the regulated voltage necessary for the circuit is guaranteed, from a power supply
source with adaptable voltage, both for the Arduino microcontroller and for the DC motor.

The microcontroller operates the device according to a user's selection, where the linear
velocity ranges from 1.5 cm/s to 3.5 cm/s. The velocity parameter error was calculated using
indirect measurement uncertainties [23]. Each chosen pulse’s rotational velocity was
measured under a fixed distance supported by a tachometer, a Vernier calibrator and the
Arduino card obtaining a maximum error of £ 0.20 cm/s.

CuCoMn synthesis on glass substrates by dip-coating sol-gel technique

Analysis of thermal decomposition on metallic reagents (TGA/DTG)

The precursor substances were placed in a 90ul (reference for liter capacity in pL) alumina
tray and heated to 700 °C at 10 °C/min rate in nitrogen. The thermogravimetric curve (see
Fig. 7) for manganese nitrate and cobalt nitrate shows a two-stage decomposition (observable
on the DTG curve). The first step starts from 40 °C with peaks between 80 and 100 °C, as a
result of an initial dehydration process of the reagents ([Co(NOs3)2] and [Mn(NOs)2]). The
complexity of the peaks observed up to 172.28 °C may indicate the formation of hydrates
caused by the interaction between the cations of each metallic atom with the water molecules
present, permitting a hydrolysis process [24]. At approximately 240 °C, both cobalt nitrate
and manganese nitrate decompose completely.
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Figure 7. TGA (embedded curve graph) / DTG (continuous line) of initial reagents: Copper chloride, Cobalt
nitrate and Manganese nitrate
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In the case of copper chloride, there is a multi-stage decomposition whose intermediates are
relatively stable compared to the nitrates used. Initially, the thermogravimetric curve shows
a decrease in mass at approximately 93.81 °C, caused by a dehydration process. From this
curve, it is also possible to detail the decomposition of copper chloride in two other stages, a
peak in the compound's degradation appears at 430 °C, and finally, a main peak of
degradation appears in the DTG graph at around 510 °C where decomposition is completed
[25].

Optical coatings characterization

The optical properties of the thin film coatings are evaluated based on absorbance (o),
obtained indirectly from reflectance and transmittance spectra. Reflectance is the percentage
of radiation reflected by a surface. In contrast, the transmittance is a mass/volume
phenomenon represented by the measurement of the transmitted light flux through the
coating, at the same time normalized by the amount of incident light flux. Any unreflected
or transmitted flux is absorbed and is expressed by Equation (4) (where p is the reflectance,
1 is the transmittance, and a. is the absorbance) [26]. Table 1 illustrates the deposit parameters
through the dip-coating method.
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Table 2. Experimental conditions of CuCoMn synthesis and deposition, where AC: citric acid, M+: metallic
ions and EG: ethylene glycol

List of elements in synthesis

Sample Cu:Co:Mn AC/M+ EG/AC Stirring time  Dipping speed

[h] [cm/s]
40017B 1:3:3 1.2 0.8 0.83 15
40018B 1:3:3 1.2 0.8 0.88 15
40019B 1:3:3 1.2 0.8 0.93 15
40020B 1:3:3 1.2 0.8 0.98 15

Source: Own source
p+tt+a=1 4)

Absorbance spectra for all thin-film coatings on glass substrates within a wavelength range
of 300-900 nm are shown in Figure 8. The prepared coatings show high absorbance in the
UV-Vis range. However, the CuCoMn deposits at 0.98 h and 0.93 h of agitation present the
best optical behavior (in general, 0.921 and 0.932, respectively), considering the
carbonization caused by the thermal treatment turning each substrate into opaque surfaces.
These resulting coatings could be employed as possible solar absorbers, for example, in low-
temperature solar collectors [13].

Figure 8. Absorbance spectra vs. wavelength curve for each sample in Table 1 (deposited with immersion
velocity 1.5 cm/s)
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To explain the difference between the optical behavior of the coatings, we carried out other
types of characterizations, such as structural or morphological, which are contemplated but
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are not the objective of the present article. Using ASTM E308 - 18 [15], the absorbance of
each sample was calculated for each area of the solar radiation spectrum (UV, visible light,

solar). Table 3 quantitatively and comparatively evaluates the optical behavior of each of the
samples.

Table 3. Calculation o based on ASTM E308-18 [15]
Absorbance o

Sample:  Solar global Solar global IHluminant A 1931
radiation UV radiation Solar ASTM E308 (90) VIS

40017B 94.1 81.7 92.7

40 018B 95.6 84.1 95.6

40 019B 95.7 84.1 95.7

40 020B 95.8 84.2 95.7

Source: Own source

In addition, Figure 9 displays the absorbance spectra for the triplicated samples deposited
onto glass (under the same experimental conditions). From the spectra shown, it can be
observed that the deposition process proved to be reproducible, irrespective of the samples
being processed in different deposition sessions.

Figure 9. Absorbance spectra vs. wavelength curve for three CuCoMn samples (reproducibility test)
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Thickness and morphology of CuCoMn coatings

One of the samples from the batch of deposited coatings (fabricated under the same
experimental conditions for reproducibility) was used to obtain a typical optical microscopic
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image (Figure 10). The CuCoMn film synthesized on glass shows small ripple-like patterns
along the surface (visible at 200x magnification). In terms of application, the porosity and
roughness of the surface can positively influence the heat transfer of a liquid through the
solar collector (making metal alloy coatings a potential candidate for these renewable energy

applications) [8].

Figure 10. Optical microscopic image of CuCoMn coating (S1:CuCoMn) at 200X

~ P
Y 4 4%

Source: Own source

An in-depth interpretation of the formation of coatings using the dip-coating technique
should be extended in another paper, using all the necessary characterization techniques for
these materials. Lastly, Table 4 describes the thicknesses measured for the three CuCoMn
samples. The average thickness for the three samples was around 0.176 pm.

Table 4. Thickness measurement using CEM DT-156

Samples Thickness
[pm]
S1: CuCoMn/40019B 0.176
S2: CuCoMn 0.177
S3: CuCoMn 0.176

Source: Own source

Conclusions

Deposition equipment consists of a DC motor that immerses and extracts any sample in the
precursor solution. The function code and motor speed control are based on the C++ language
for the Arduino microcontroller. Elements such as switches, knobs, keyboard, and LCD
screen are attached to the circuit, offering the choice of manual operating parameters such as
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linear speed and the number of layers. The equipment is powered by a 21 V charger adapted
to deliver the voltage to the Arduino and the DC motor separately. The system allows
substrates of any material to be deposited on chemical precursors at linear speeds of between
1.5 cm/s and 3.5 cm/s with an error of + 0.20 cm/s.

The prototype implemented will allow the research group to produce thin films that are
reproducible and have better quality than those made manually, that can be produced at low
cost, and that provide the possibility for sustainable equipment maintenance.

It was found that good optical behavior is obtained by depositing CuCoMn coatings on glass
substrates (e.g., so that it can be used as an absorbing coating). As for the chemical reaction
and carbonization of the thin films resulting from the heat treatment, a hydrolysis process has
likely been generated. The presence of alcohol, water, and the esterifying agent (ethylene
glycol) would react with the carbon atoms present, adding a carbon layer on each thin film,
thus increasing the absorption capacity of the thin films (important property of obtaining
solar absorbers).

Finally, the absorption spectra obtained (from a batch of samples deposited under the same
conditions) make it possible to determine the reproducibility of the equipment's deposit
conditions; and using a thickness gauge, an average thickness of approximately 0.176 pm
(176 nm) was obtained for all the samples in this study.
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