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In this paper we show how to build equipment spireqgplied to the deposition of thin films by spin-
coating process, using inexpensive componentsyefasind on the market and allow for easy assembly.
This equipment allows us to control the speed tdtion of the sample holder, causing the substmte
rotate at a constant speed and acceleration thrinegbentripetal effect of the thin film is depesiton
the substrate surface. Details of the constructibthe mechanical, electrical and a method for the
calibration are presented. We found a linear fraqueversus the electrical potential of the engine
reaching speeds above 2000 rpm.

Keywords: spinner;frequency; thin film; spin-coatin

Neste artigo mostramos como construir giratoriagamentos aplicados a deposicéo de filmes finos por
spin-coating processo, utilizando componentes delzaisto facilmente encontrados no mercado e
permitir uma facil montagem. Este equipamento ressfie controlar a velocidade de rotagdo do suporte
da amostra, fazendo com que o substrato para aoglaa velocidade constante e aceleragdo através do
efeito centripeta da pelicula fina é depositadaesalsuperficie do substrato. Os pormenores de
construcdo do mecanico, eléctrico e um método gpaedibracédo sdo apresentados. Encontramos uma

freqUiéncia linear versus o potencial elétrico déomatingir velocidades acima de 2000 rpm.
Palavras-chave: giratério; frequiéncia; peliculasfie spin-coating

1. INTRODUCTION

The science relating to thin films has grown arotlhrelworld becoming an important area of
scientific research. The importance of the coatiawgd the synthesis of new materials for the
industry resulted in a large increase of innovatiim film processing for applications in
microelectronics, optics and nanotechnology [1-Z62urrently, the rapidly changing needs of
coating materials is creating new opportunitiestf@ development of new processes, materials
and equipment for the development of technologgaated with obtaining thin films [3-6].

The thin films must possess characteristics higbiytrolled. The atomic structure, chemical
composition and the thickness should be unifornthwninimal defect density, minimum
particle contamination, have good adhesion, lowsstrand enable a good coverage of the
substrate [5-6]. In this context, the process gfodé@ion of thin films plays a key role, because
it interferes directly in the properties and phgsiand chemical characteristics of thin films. In
the deposition from solutions or sols, a commormnegue is to drip the fluid onto a substrate
and then apply a rotation in the substrate so ageate a thin, uniform layer of fluid on the
substrate surface as a result of centripetal awtgla imposed. This technique is called spin-
coating [3-4-7].

In the deposition technique spin-coating, fluidcaisity and speed are vital parameters that
interfere in a direct way on the properties of tfiims obtained [5]. Thus, it is evident the need
of using equipment that has the following charasties: (a) have a disk (sample hold) which
may rotate at a constant speed; (b) the speecedfitic can be varied over a wide range and is
maintained, always constant; (c) the electric mdbat is connected to the disk must have
starting torque and steady-suited to the applinatid) motor-drive assembly must be stable and
vibration-free; (e) to supply the engine of theipment should be regulated and stabilized.

In this paper, we present the details of the cangtmn of a spinner for deposition of thin
films by spin-coating. This equipment has been giesi from materials and parts readily
available in local market and low cost. The equiptiteas as its centerpiece a DC motor taken
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from a mainframe that was no longer in operatiohe Bquipment has a stabilized voltage
source and electronically regulated that is tovall@arying the speed of the motor shaft with
great precision. For tuning and calibration, weduaespeed measurement system that uses an
infrared sensor, enabling the measurement of faéaeship between supply voltage and speed
of the motor shatft.

The equipment was designed and built in the laboyaif the Physics Department, Federal
University of Sergipe, the main advantage the |l@stcsimplicity in design and construction
techniques and features fully geared for use ieaneh related to obtaining thin films.

2. EXPERIMENTAL

The equipment was designed to scale in a metalvdozre they were packed the DC motor,
the regulated power supply and stable electricdl @rcuit protection. The metal case has an
appropriate place to fix the engine, through aetgrof stainless steel screws into a rubber base,
thus ensuring a good stability, vibration-free.

In the assembly process, the metal was prepardédandorrosion product and subsequently
subjected to a painting. The DC motor was put mdficked by stainless steel screws on a rubber
base. The power supply was placed inside the battedoox, and the power transistors were
fixed externally on the back along with a heat sifilke engine protection and power supply is
made through two fuses, put on the back of the Bme of the fuses has the protective function
of high electrical fluctuations from the AC grid cathe other external fuse protects the DC
motor directly. The operation is quite simple sgnrihe drive is via two keys at the front, one
of which leads directly to another power supply @@ motor drives directly. The speed
control is done through a linear potentiometerp ddgated in front of the spinner. The details
are shown in Figure 1.
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Internally, the power supply comprises a toroidahsformer, a rectifier, the control loop and
current gain circuit formed by two power transistaronnected in cascade, and a high
capacitance capacitor to ensure a minimum rippléh Whis setting you can perform fine
control of output voltage, making it possible tphpa voltage stabilized at the entrance of the
DC motor to achieve speed control on its axis. 3¢teme is shown in Figure 2.
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Figure 2: Schematic of power supply voltage conttdIToroidal transformer - 127/16V, 2) Bridge
rectifier power, 3) capacitive filter - 47@6, 4) control loop and voltage control.

The DC motor when coupled to power supply and suiégkto a voltage change, responds
with a proportional variation of speed on its awbjle maintaining the torque. The spinner disc
is located at the top of the equipment, protected blosed container coated in Teflon, making
it easier to clean. Figure 3 shows the finishedpct
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Figure 3: Spinner in its final configuration: (a)dnt view, (b) control panel, (c) lateral view, (s@mple
holder.

3. RESULTSAND DISCUSSION

The control of the rotation axis of the spinneessential to ensure the formation of thin films
with desired characteristics. This control is pblesby associating the change in voltage at the
terminals of the DC motor with the speed on itsaike., for each value of applied voltage, the
DC Motor spinner responds with a specific valuespked on its axis. To determine the
relationship voltage vs. speed, the calibration wadormed using the Basic Unit COBRA3
PHYWE-System, which allows through an infrared signo determine the frequency
dependence of the axis of rotation of the spinridr the applied voltage. The COBRAS has an
infrared sensor that the U-shaped disc attacheldet@pinner can detect the rotation period of
pulses sent through the PC. The infrared sensaisisrof a transmitter and a signal detector
positioned opposite each other, when the deteetmives the infrared signal, a voltage signal is
sent to the PC at the time the infrared signattisriupted, the signal voltage sent to the PC falls
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to the level "zero." Data are collected by Univeisaiter Software Cobra 3 and stored in the
PC file in txt format.

Figure 4 shows the calibration scheme spinnerhis $cheme, the multimeter is used to
measure the voltage signal applied to the DC Mdthbe sensor is attached to it and through a
small plate on the edge of the disk; it is posstblénterrupt the infrared signal at every turn.
The COBRAS receives the sensor signal and sendeptd the PC. The signal received by the
PC consists of the voltage measurements from tmsoseassociated with time of each
measurement, allowing obtaining the period of rotabf the disk. For each value of input
voltage DC motor, was performed to measure theogesf rotation of the disk, as shown in
Figure 5. For each value of rotation of the disk)BRA3 performs several measurements in

sequence, requiring then calculate the mean anettamnaty.
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Figure 4: Scheme used for calibration of the spinne

To determine the standard uncertainty of a quantitych is a function of several measured
guantities, is necessary to consider the combineckrtainty associated with each of its
variables. To do so, you must use the notion opggation of uncertainties [9]. When some
physical quantityz is calculated as a function of other quantitigsxx Xs... and the combined
uncertainty magnitudes are givendyy oy, os... i.e.,z is a function of x X,, Xs... we have

z=f(Xy, %, Xa....) D

The uncertainty of the magnitude calculateds obtained from Equation [®],

4 * (oz * [ oz ’ _ 0z ’
o,=.|=—0. | *|—0, | t|=—0, | +..=.]D| 0
ox ox, 0%, ° —\ox @)

whereo, is the combined uncertainty.
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Figure 5: Output signal of the infrared sensor & period of rotation for different voltages applie
to the DC motor: (a) 3V, (b) 4V, (c) 5V, (d) 6V, &/, (f) 8, 5V, (g) 9V (h) 10V.

The type B uncertainty of the measurement equiprisen.001 s. The frequency associated
with each measured period can be calculated usingtion 3,

—
T ©)

where T is the period of rotation. We can then uake the propagation of uncertainty for the
frequency using Equation (4).

o =T f @)



J. V. A. Santos, C. P. Santos & M. A. Macedo, Sai®¢na 8, 033402 (2012) 6

Figure 6 shows the frequency depending on the g®l&pplied to the DC motor. A good
linear fit was found with an increasing uncertaimyrequency. The DC motor also showed the
behavior as expected, maintaining good torque adtus speed range for ensuring effective
control.
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Figure 6: Frequency of rotation versus the apphedtage in the DC motor. The solid line correspotals
a linear fit.

The equation resulting from setting the curve shawfigure 6 is linear with a correlation
coefficient R = 0.99496 (Equation 5),

F = 60,97+ 206,33[U 5) (

where F is the frequency of rotation of the digir{y and U the voltage applied to motor.

The uncertainty of the result of a measuremeng¢ceslthe lack of accurate knowledge of the
value of the measured, means doubt about the tyatifithe result of a measurement [9]. In the
measurements, the propagation of uncertainty ferftaquency increases with increasing the
frequency of rotation. We believe that this phenoome is associated with fluctuations in
measurements due to electronic equipment becaudis pfecision. The machine reads the
signal from the sensor at time intervals, which means that in some passages disk, the
equipment does not detect the signal sent by theoseand as a result, measurements of the
period for high speed have small differences etidanthe graphs of some pulse widths
observed.

The test of viability and functionality of the sper, it was performed using as a base to
obtain a thin film of nickel oxide (NiO) produceg the proteic sol-gel process. The preparation
of the sol was the use of nickel nitrate hexahyd(ati (NG;),.6H,O) which resulted in a sol
with concentration of 0.5 mol / liter. The glasdstate to deposit the thin film underwent a
thorough washing, consisting of application of dgtat, soaking in acetone and then dried at
500°C for 30 min. The deposition process consistiedpplying the sol on the glass substrate
and a rotation of 400 rpm for a time of 15 s. Theye grown with 5 layers with heat treatment
at 500°C for 15 min in each layer, and a final heeatment at 500°C for 30 min. Figure 7
shows the X-ray diffraction of the thin film of NiQt can be seen that the three most intense
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peaks were measured and are consistent with tHerMibices (111), (200) and (220). Similar
result for the same type thin film (NiO) was obtadrby Ghamdi et al. using the sol-gel process,
grown with a commercial spinner [1]. This resultlicates that the product developed in this
study has a great potential to obtain several dthmefs of thin films in the form of oxides or
organic materials such as paints and polymers.
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Figure 7: X-ray diffraction of the thin film of NiO

4. CONCLUSION

We present the entire process of building the sginmhich is the equipment used to obtain
thin films via spin-coating method. The spinner visasit on a project that showed the use of
materials and parts at low cost, easily found ie kbcal market. It is an easy to operate
equipment, which presents important characterisdiod essential for the deposition of thin
films, such as speed control, high torque and ldwation. Spinner calibration allowed us to
obtain a linear fit of the relationship betweemgfrency of rotation of the disk and the applied
voltage, thus enabling operate within a well essaleld range of rotational speed of the disc.

1. AL-GHAMDI, A.A;; MAHMOUD, W.E.; YAGHMOUR, S.J.; ALMARZOUKI, F.M. Structure
and optical properties of nanocrystalline NiO tHilm synthesized by sol — gel spin-coating
method Journal of Alloys and Compound$86: 9-13 (2009).

2.  ELFANAOUI, A.; ELHAMRI, E. L.; BOULKADDAT, A IHLAL, BOUABID, K.; LAANAB, L;
TALEB, A.; PORTIER, X. Optical and structural propes of TiO2 thin films prepared by sol-gel
spin coatinglnternational Journal of Hydrogen Energ96:4130-4133 (2011).

3. LEE, S.; PARK, B. CulnS2 thin films deposited by-gel spin-coating methodThin Solid Films
516: 3862-3864 (2008).

4. MOUBAH, R.; COLIS, S.; LEUVREY, C.; SCHMERBER, GDRILLON, M.; DINIA, A,
Synthesis and characterization of Ca3C0409 thinsfiprepared by sol-gel spin-coating technique
on Al203(001),Thin Solid Films518: 4546-4548 (2010).

5. SATHAYE, S.D.; PATIL, K.R.; KULKARNI, S.D.; BAKRE, P.P.; PRADHAN, S.D.;
SARWADE, B.D.; S.N. SHINTRE, Modification of spiroating method and its application to grow
thin films of cobalt ferrite. 8: 29 — 33 (2003)

6. VILA, C., “Structural and magnetic properties of 44i3Sb2012 thin films deposited by spin
coating.Thin Solid Films414: 2002 (270-274).

7. CHIN, M.; JIUAN, H.; SYH, T. Characteristics andtmal properties of iron ion (Fe 3 +) -doped
titanium oxide thin films prepared by a sol — gpinscoating.Thin Solid Films 473: 394-400
(2009)

8. OLIVEIRA, A. R. M.; ZARBIN, A. J. G. Um procedimeatsimples e barato para a construcao de
um equipamento “dip-coating” para deposicao dedfinem laboratérioQuimica Nova28: 141-
144 (2005).

9. MAIA, A. F.; VALERIO, M. E. G.; MACEDO, Z. S.Apostila de Laboratério de Fisica,A
Universidade Federal de Sergipe (2009).



