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ABSTRACT
In this work, a spinner apparatus was mounted with some 
characteristics, such as low cost, easy operation, compact size, easy 
adaptation into the little glove box systems, no vacuum pump and low 
maintenance. First, three different fans were analyzed to be used in the 
spinner apparatus. Then, the Arduino electronic circuit was analyzed 
and programmed to control the rotation speed using a pulse width 
modulation (PWM) and steps of acceleration with the signal distortion 
(caused by pulse width modulation) of the fan intern tachometer. After, 
the interface between the user and spinner apparatus was performed 
with information about navigation through the menus, input of process 
parameters as rotation speed, rotation time, and calibration menu. 
Successive depositions of organic thin films to assemble organic light 
emitting diodes (OLED) devices were used with the spinner apparatus. 
The experiment compared indium tin oxide (ITO) thin film anodes with 
sheet resistances of 8 and 12 Ω/□ supplied by different manufacturers 
in the structure of the OLEDs. Current-voltage (I-V) curves of OLED 
devices showed that the ITO/glass of 12 Ω/□ presented better 
results with low variability and highest current values. All OLED 
devices presented some luminance showing the efficiency of spinner 
apparatus.

Keywords: Arduino, spinner, OLED.

RESUMO
Neste trabalho, um aparato spinner foi montado com algumas 
características, tais como: baixo custo, fácil operação, tamanho 
compacto e fácil adaptação dentro de sistemas glove boxes 
pequenas, sem bomba de vácuo e baixa manutenção. Primeiro, 
três diferentes ventoinhas foram analisadas para serem utilizadas 
no aparato spinner. Então, o circuito eletrônico Arduino foi analisado 
e programado para controlar a velocidade de rotação utilizando 
(PWM) e passos de aceleração com distorção de sinal (causada pela 
modulação por largura de pulso) do tacômetro interno da ventoinha. 
Depois, a interface entre o usuário e o aparato spinner foi realizada 
com informação sobre a navegação através de menus, entrada de 
parâmetros de processos como velocidade de rotação, tempo de 
rotação, e menu de calibração. Deposições sucessivas de filmes finos 
orgânicos para montagem de dispositivos diodos orgânicos emissores 
de luz (OLEDs) foram utilizados com o aparato spinner. O experimento 
comparou anodos de filmes finos de óxido de índio e estanho (ITO) 
com resistências de folha de 8 e 12 Ω/□ fornecidos por diferentes 
fabricantes nas estruturas dos OLEDs. Curvas de corrente-tensão 
(I-V) dos dispositivos OLEDs mostraram que o ITO/vidro de 12 Ω/□ 
apresentou melhores resultados com baixa variabilidade e valores 
de correntes mais altos. Todos os dispositivos OLEDs apresentaram 
alguma luminância mostrando a eficiência do aparato spinner.
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INTRODUCTION
After decades, light emitting diode (LED) devices have been 

quickly emerged and applied in almost all sectors of the light 
market, bringing new concepts, such as energy saving, long 
lifetime, good efficiency, low voltage, no ballast and wide range 
of emission colors (compared with other sources of lighting)1-3. 
However, the technology is in constant evolution, then organic 
light emitting diode (OLED) devices have been developed reaching 
some properties of LED devices, including other advantages, such 
as emission on flat surface providing better scattering of light, 
easy method of fabrication and varied geometries4-7.

For the assembly of OLED devices, the concept of multilayers 
created by a technique called spin-coating have been used8-11. 
Spin-coating is widely used to create thin films, not only for OLED 
devices, but also for organic photovoltaic cell (OPV) devices12-15. 
This technique uses a commercial equipment known as spinner, 
which has basically controls of rotation speed, rotation time and 
vacuum (to hold the sample during the rotation process)16-18. 
Organic devices must be mounted inside controlled-atmosphere 
glove box systems due to degradation effect, caused mainly by 
oxygen and moisture in organic layers19-22.

Commercial spinners have robust sizes and connections for 
the vacuum pump. For this reason, they are difficult to use inside 
glove box systems, mainly with reduced intern sizes, as showed 
in Fig. 1.

characteristics, such as manufacturer’s guarantee, large case with 
lid, high torque motor, and large range for rotation speed. Some 
models also have ramps with acceleration and deceleration speeds.

The proposed spinner apparatus was mounted with low 
cost and with very simple and easy-to-be-found components. 
Although, it is not equipped like most commercial equipment, 
the apparatus is capable of assembling OLED devices with good 
quality in terms of electrical and optical characteristics compared 
with devices mounted by commercial equipment. The mean cost 
of commercial equipment represents hundred times higher than 
the proposed spinner apparatus.

Figure 1: Glove box chamber used to assemble of OLED devices.

In this work, a spinner was mounted using a microcomputer 
fan and other components with the objective to obtain low cost, 
easy operation, compact size, easy adaptation into little glove box 
systems, no vacuum pump and low maintenance. In commercial 
spinners on the shaft of motor, there is a horizontal surface called 
chuck, where the blade (glass, in OLED devices) is positioned 
and held by vacuum pump23,24. Organic chemical solution is 
put on the surface of the blade and the motor is turned on; then 
the centrifugal force expels off the excess of chemical solution 
on the blade forming a thin film25. Figure 2 shows the complete 
mechanism used in the spin-coating technique.

The suggested spinner apparatus must have similar method 
of operation compared with commercial equipment, which 
have different prices, however, this equipment have other 
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Figure 2: Complete mechanism of spin-coating technique.

The OLED devices have been mounted with a few thin films 
forming a multilayer structure: (1) transparent conductive oxide 
(TCO) as anode and deposited on glass substrates (both generally 
commercial); (2) chemical solution of polymeric material, named 
hole transport layer (HTL); (3) chemical solution of organic 
material to emission of light; (4) chemical solution of organic 
material, named electron transport layer (ETL); and (5) metal as 
cathode deposited on top26,27. Figure 3 shows this OLED device 
structure.

The devices must be encapsulated to avoid OLEDs degradation 
(such as elevation of threshold voltage and decreasing of light 
emission)28-30.

Figure 3: OLED device structure formed with the deposition of 
successive organic thin films.
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A very important aspect to be considered in the assembly of 
OLED devices is related to the thickness for each layer deposited. 
If the layer thickness is too thin, a short circuit may occur 
damaging the device, and if the thickness layer is too thick, the 
device will emit a considerable part of its energy received from 
source power in heat form.

Nonsmooth surface may generate other problems, such as 
unbalancing of the charge carriers, or even creation of trapped 
charges decreasing considerably the devices performance31,32. 
Therefore, complete control of the thickness is necessary for each 
organic thin film formed.

MATERIAL AND METHODS
The components used in tests and assembly of spinner apparatus 

were: (1) Arduino electronic circuit, Mega model used to control 
data processing; (2) Arduino software open source, version 1.8.6; 
(3) driver motor DC/step, L298N model used to control of fan 
rotation; (4) matrix keyboard used to type the process parameters, 
such as rotation and time values; (5) liquid crystal display (LCD) 
with 2 lines × 16 columns used to visualize process parameters; (6) 
source power (Sunny company) with automatic input voltage of 
110 or 220 V and output of 12 V and 2 A with P4 cord connection; 
(7) digital laser tachometer (Minipa, model MDT-2238A) used 
to analyze rotation fans; (8) digital oscilloscope (Minipa, model 
MO-2061) used in the study of the electrical signals generated by 
sensors and Arduino electronic circuit; (9) plastic case necessary 
to store the Arduino, keyboard and display of spinner apparatus 
and (10) three fans (with intern tachometer using the third cord 
available).

The propeller blades of all fans were removed (resting the 
plastic part plane on center): fan A (Viper Company) measuring 
0.12 × 0.12 m; fan B measuring 0.08 × 0.08 m and fan C measuring 
0.12 × 0.12 m.

Arrangement of Arduino electronic circuit
There are two class in the Arduino electronic circuit (Mega 

model): the digital pins (numbered from 0 to 54) to be used in the 
0 logic level (corresponding to 0 V) or 1 logic level (corresponding 
to 5 V) and the analog pins (numbered from 0 to 15) with 
operation range from 0 to 5 V. The total of 17 pins were applied to 
use all components in the Arduino: (a) 6 pins to operate the LCD 
display (pins: 13, 12, 14, 15, 16 and 17); (b) 1 pin to control the 
pulse weight modulation (PWM) (pin: 4); (c) 1 pin to extract the 
rotation (pin: 11); (d) 1 pin to reset the spinner apparatus (pin: 
reset); and (e) 8 pins to the matrix keyboard (pins: 30, 32, 34, 36, 
38, 40, 42 and 45). Figure 4 shows the complete electrical scheme 
of the mounted circuit.

Speed and rotation time controls
Pulse weight modulation of the electronic circuit was used to 

control the rotation speed33. This electronic circuit is based on 

pulse control duration, which is used with the H-bridge promoting 
the rotation control (no change in the torque motor). Before the 
speed analyses, it is necessary to know previously the rotation 
per minute (rpm) value to control the motor speed by PWM34. 
In this case, the fan intern tachometer was used to measure its 
rotation and also to correct the speed in real time. The advantage 
to use its intern tachometer is the actualization rate, because the 
sensor generates an electrical pulse by half rotation. Arduino has 
a function to measure individually the time for each pulse with 
resolution up to 3 µs pulse In to obtain very speed measurements 
per second35.The electrical signal generated by the fan represents 
a square wave, since the signal is generated for each half rotation 
using a constant value of 30,000 and divided by the tachometer 
signal period of 6.98 ms, resulting in a rotation speed of 
4,297 rpm.

PWM control to rotation speed reading
In the reading of electrical signal obtained by the fan tacho-

meter, it was verified that an alteration of PWM value causes dis-
tortion in the electrical signal received from the fan. This process 
may generate inaccurate results in the measurements of rotation. 
This distortion is probably caused by the principle of switching 
the PWM on and off several times per second and the fact that 
the tachometer is operated by the same pin used for the PWM 
control. So, a simple algorithm was implemented to solve this dis-
tortion trouble avoiding variations in the rotation speed measured 
by Arduino. Because this distortion has very short duration, the 
PWM discards any measurement value below 0.1 milliseconds.

Fan acceleration and speed adjustment
In order to have the shortest acceleration time, a process with 

two acceleration phases was proposed.
The first stage has a simple algorithm, at the beginning of rota-

tion process, the fan reaches 255 level of PWM to maximum acce-
leration. When the measured rotation is equal or greater than 90% 
of the required rotation by user, the spinner apparatus begins the 
second stage. This second stage of acceleration is used to adjust 
the curve used to prevent the PWM value for any rotation using a 
mathematics function.
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Figure 4: Complete electrical circuit mounting diagram.
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When leaving the first stage, the fan will be close to the ro-
tation value required by the user with maximum acceleration 
(PWM = 255). Figure 5 shows the PWM level vs. rotation speed 
measured.

rotation time in seconds. Figure 6 presents the complete steps 
showed in the display before the rotation process. In the initial 
process of rotation, the spinner apparatus will renovate the values 
of rotation speed in real time, then the difference percentage 
obtained between the actual rotation and the required by the user 
is showed on display and the remaining rotation time in seconds. 
After the elapsed time, the fan is automatic turned-off and the 
initial information returns to the display.

Figure 5: PWM level vs. rotation speed measured.
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As observed in Fig. 5, both the fan rotation and PWM level have 
a linear relationship, then it is possible to use the least squares 
method (LSM) to calculate the straight line of equation.

However, different fans will have different maximum speeds 
and it is possible that the same fan presents variations on its 
maximum rotation by elapsed time, due to variable factors. For 
this reason, an algorithm using LSM was implemented to calculate 
the relation for PWM vs. rotation speed required by user with the 
calibration of the straight line of equation.

In order to validate the linear regression of the spinner apparatus 
in comparison with Microsoft Excel software, two methods were 
used to calculate the straight line of equation by LSM generating 
some results with the same equations to calculate the R², that is 
a statistical variable of quality for this method, where R² is most 
near to 1, corresponding to the better value, as showed in Table 1.

Table 1: PWM level measured vs. PWM level calculated.

Equation R²

Spinner rpm = 0.063 × PWM –15.71 0.9977

Excel rpm = 0.063 × PWM – 15.71 0.9977

Table 1 reveals that the spinner apparatus is capable to perform 
the linear regression by LSM in the same way when compared 
with the Microsoft Excel software, validating calibration. After 
obtaining the calculated linear regression, an algorithm was 
implemented for the spinner apparatus to save the information 
of linear equation in EEPROM memory of Arduino electronic 
circuit allowing the use of these data in the next initialization of 
the apparatus (unnecessary new calibration)36.

Interface
The spinner apparatus has an intern program to control the 

values typed by the user, such as rotation speed in rpm and 

Figure 6: Steps showed by display for complete rotation process.

Display interface
For better convenience, the most commonly used shortcut keys 

for depositing thin films in the laboratory with preset speed and 
rotation time values have been implemented: A – corresponding 
to 3,000 rpm per 60 s, B – corresponding to 2,500 rpm per 60 s, 
and C – corresponding to 2,000 rpm per 60 s.

Calibration interface on display
The D key is used to access the spinner calibration mode. When 

pressed, the spinner will require the value of the limit rotation, 
because the apparatus will calculate the maximum rotation 
obtained by the fan with the linear equation. After, a message 
shows the confirmation of the limit rotation selected and the 
calibration process is started indicating the rpm and PWM values 
measured in real time on display.

After collecting all data, the spinner apparatus will calculate 
the linear regression by LSM and show the stable values of the 
equation on display. Then, the spinner apparatus is automatically 

Figure 7: Steps showed on display for calibration interface.
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restarted returning to the initial information. The complete 
calibration method is showed in Fig. 7. The program of Arduino 
electronic circuit used in this spinner apparatus is available in the 
website37.

Assembly and analyses of OLED devices
OLED devices were assembled with the following structure:
a. Electrode anodes of indium tin oxide (ITO) thin films 

deposited on glass substrates with 8 Ω/□  (Displaytech) 
and 12 Ω/□ (Diamond Coatings), and cut in geometry of 
0.025 × 0.025 m. Then, four stripes were formed with the 
ITO thin films using: hydrochloric acid, zinc powder, cot-
ton and Magic tape (Scotch 3M) to the masking of region 
preserved. After that, the samples were cleaned using two 
processes: current water and domestic neutral detergent 
and surgical gloves rubbing the surfaces of the ITO thin 
films and some drops of Aqua Brilho (Adespec) were put 
on the ITO thin films and rubbed with cotton until the 
complete elimination of commercial product.

b. Deposition (using the spinner apparatus) of PEDOT:PSS 
(as HTL supplied by Sigma-Aldrich) at 3,000 rpm per 60 s 
forming a thin layer, which was dried at 333.15 K per 300 
s. To hold the sample on the “chuck” of the spinner appa-
ratus, a double-sided tape was used.

c. PVK (Sigma-Aldrich) polymer (as emitting material) was 
diluted in 1,2,4-trichlorobenzene (Tedia) with 10 mg mL-1 
concentration deposited at 3,000 rpm per 60 s, forming a 
thin layer, which was dried at 333.15 K per 300 s.

d. Alq3 (as ETL) synthesized at laboratory, which was ther-
mally evaporated.

e. Thermally evaporation of electrode cathode formed with 
aluminum (Balzers) thin film on top.

Four OLED devices were obtained on each sample mounted at 
the same time with active area of 0.003 × 0.003 m. The devices 
were polarized using a power source (Keithley, model 2400), that 
was used to apply the voltage and to collect the electrical current.

RESULTS AND DISCUSSION
Before the spinner apparatus assembly, three fans were pola-

rized at 12 V and the rotation speeds were analyzed. The results 
revealed highest speed for B fan reaching 4,343 rpm with high sta-
bility. Table 2 shows the analyses for all fans measured and reveals 
that fan A had bad performance and lowest rotation speed with 
high standard deviation obtained.

For the assembly of OLED devices a rotation speed of 3,000 
rpm was used for the deposition of organic layers, then the fan C 
was discarded to the assembly of spinner apparatus.

In order to have reliability of the intern tachometer measure-
ments, it is necessary to compare it with a commercial tachome-
ter. In this case, a commercial tachometer MDT-2238A (Minipa) 
was used. The criterion used in these analyses was the comparison 

of the average rotation with the standard deviation measured for 
some rotation speeds comparing the commercial tachometer and 
the fan B intern tachometer, as showed in Table 3.

Table 3 shows near values of different rotation speeds for both 
methods compared. Low variations were obtained, if compared 
with the rotation speed required, mainly to the intern tachometer, 
but the fan B still revealed reliability to assemble thin films used 
in the assembly of OLED devices. The analysis of the rotation 
speed process is very promising and it shows the elapsed time of 
1 s to reach the required rotation speed and 3 s to stabilize the 
speed rotation required by user for each different rotation speed 
analyzed, as showed in Fig. 8.

Table 2: Performance for all fans polarized at 12 V.

Fans
Maximum Rotation Speed
(rpm ± standard deviation)

A 2,330 ± 13

B 4,343 ± 3

C 2,640 ± 1

Table 3: Comparison of commercial tachometer and intern 
tachometer of fan B for different rotation speeds.

Rotations 
required 
by user

Commercial 
tachometer  rotation 
measured average 

(± standard deviation)

Intern tachometer 
– fan B Measured 
rotation  Average 

(± standard deviation) 

3,000 3,073 (± 20) 3,023 (± 44)

2,500 2,584 (± 16) 2,510 (± 30)

2,000 2,110 (± 23) 2,023 (± 35)

1,500 1,590 (± 14) 1,508 (± 14)

OLED devices were mounted with ITO/glass anodes using di-
fferent sheet resistances and manufactures with 8 and 12Ω/□. The 
I-V curves of OLEDs with ITO/glass of 8 Ω/□ clearly showed 
the electrical behavior of diode as expected for these devices, but 
A low variation of the I-V curves was observed in the results re-
vealing possible variations in the quality of the electrode anodes 
(such as different: thickness, surface roughness and morphology 
of ITO thin films).
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The OLED devices mounted with ITO/glass anodes of 12 
Ω/□ showed the better reproducibility of I-V results obtaining, 
practically, a superposition of the diode curves with highest levels 
of electrical current.

All devices presented some luminance as showed in Fig. 11 
for the OLED mounted with the ITO/glass of 12 Ω/□ and active 
area of ≈3.0 × 3.0 mm with four OLED devices mounted on the 
geometry of ≈25.0 × 25.0 mm for each blade. In other work, the 
same structures of OLED devices were mounted and analyzed 
showing the efficiency of this spinner apparatus38.
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Figure 9: I-V curves of four OLED devices mounted at the same 
time with ITO/glass of 12 Ω/□.

Figure 10: I-V curves of four OLED devices mounted at the same 
time with ITO/glass of 8 Ω/□.

CONCLUSION
The development of a low-cost spinner apparatus mounted 

(US$ 37.27) with a microcomputer fan, Arduino electronic circuit 
and few components presented good results, such as easy opera-
tion, compact size, easy adaptation into the little glove box syste-
ms, no vacuum pump and low maintenance. Precise results were 
obtained by the fan intern tachometer, moreover it allowed the 
connection compatible with the Arduino. The PWM had precise 
performance to maintain stable rotation of fan by elapsed time. 
The use of a fan connected with the interface of Arduino (Mega 
model) to send/receive data, the keyboard to type the process pa-
rameters and the LCD display to exhibition of process parameters 
values facilitated its use.

The spinner apparatus mounted successive organic thin films 
in the structure of OLED devices using glass/ITO/PEDOT:PSS/
Alq3/Al with ITO/glass thin films of different sheet resistances 
of 8 and 12 Ω/□. Four OLED devices for each ITO/glass were 
mounted at the same time and analyzed revealing similar aspect 
of diode curve with some luminance in the devices, but better 
performance was pronounced for the ITO/glass of 12 Ω/□ 
presenting low variation and elevation of electrical current.
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