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ABSTRACT

This work aims the development of a compact spinner to be used 

inside the glove-box chamber to deposition of polymeric thin films 

used in the build of OLED devices. Initially, ten fans extracted of 

microcomputers were tested with commercial multi-voltage power 

supply. Four fans were selected based on the standard deviation 

of speed. A variable power supply was also built in order to get a 

more detailed response in terms of electrical current and speed 

in function of applied voltage. The fan that showed less variation 

of speed with applied voltage was selected for deposition tests 

using polymeric photoresist solution on the ITO (indium tin oxide) 

coated glass. This polymer was deposited by spin-coating at 

different speeds: 1000, 2000, 3000 and 4000 rpm and dried for 

the thicknesses measurement revealing good uniformity. Finally, 

three OLED devices were assembled with 2000 and 3000 rpm and 

the layers were dried under the same conditions. In the structure 

of the devices were used the materials deposited layer-by-layer: 

glass/ITO/PEDOT: PSS/Polyfluorene (PFpf)/Al. The OLED devices 

revealed blue light electroluminescence. The I-V curves showed 

better performance for OLED devices mounted at 2000 rpm with 

higher current density and similar appearance to the diode curve.
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RESUMO
Este trabalho objetiva desenvolver um spinner compacto para 
utilização no interior de uma câmara glove box para deposição de 
filmes finos poliméricos para a montagem de dispositivos OLEDs. 
Inicialmente, dez ventoinhas foram extraídas de microcomputadores 
e testadas com fonte de alimentação comercial com multi-tensão. 
Foram selecionadas quatro ventoinhas com base no desvio 
padrão de velocidade. Uma fonte de energia variável foi montada 
para obter uma resposta mais detalhada em termos de corrente 
elétrica e velocidade em função da tensão aplicada. A ventoinha 
que apresentou menor variação na velocidade com a tensão 
aplicada foi selecionada para testes de deposição usando solução 
polimérica de fotorresiste sobre filmes de ITO (óxido de índio e 
estanho depositado sobre vidro). Este polímero foi depositado 
por spin-coating em diferentes velocidades: 1000, 2000, 3000 e 
4000 rpm e seco para a medição de espessuras, revelando boa 
uniformidade. Três OLEDs foram montados em 2000 e 3000 rpm 
e as camadas foram secas sob as mesmas condições. Na 
estrutura dos dispositivos foram usados os materiais depositados 
camada-por-camada: vidro/ITO/PEDOT:PSS/Polyfluorene(PFpf)/Al. 
Os OLEDs revelaram eletroluminescência azul. As curvas I-V 
mostraram melhor desempenho para os OLEDs montados em 
2000 rpm com mais elevada densidade de corrente e aparência 
similar à curva de diodo.

Palavras-chave: Spinner, OLED, Densidade de corrente, 
Eletroluminescência.
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INTRODUCTION
OLED (Organic Light Emitting Diode) has been a promising 

optoelectronic device1,2. It differs from incandescent bulb lamp, 
which has a filament that generates luminescence3. Monochromatic 
OLEDs have been usually associated to applications that require 
less intense illumination4-6. Figure 1a shows a commercial 
monochromatic OLED with circular geometry and diameter of 
76 mm (with red light emission) and Fig. 1b monochromatic 
OLED with rectangle geometry of 115 × 35 mm (with white 
emission), both supplied by Osram Company (Germany).

Commercial spinners have a motor, where the shaft is 
connected to a plain support (named as chuck) with small holes 
and bordered by a rubber ring for substrate fixation via vacuum16. 

These equipments are expensive, robust and require connection 
to a vacuum pump to hold the sample during the rotation process17. 

As the deposition of polymeric-organic thin film needs to be 
carried out in a glove-box, frequently, the size and connections of 
a commercial spinner need a customized glove-box with a large 
chamber. For this motive, in this work is proposed the assembly 
of a spinner with: compact size, low cost, easy method operation 
to assembly of thin films with good uniformity of the thicknesses 
as obtained by commercial spinners.

In 1958, Emslie et al. described the behavior of a viscous liquid 
on a rotating disk through hydrodynamic equations18. They 
reported that the final thickness of the fluid did not depend on 
the initial conditions of the fluid (before rotation) and the film 
thickness is determined by the solution dispersion after the 
beginning of rotation. Later, in 1978, Meyerhöfer reported that 
the dispersion caused by centrifugal force was mostly responsible 
for the thickness of the resultant film, nevertheless from a certain 
moment the film thickness was determined mainly by solvent 
evaporation19.

The spin coating has some stages: the solution is deposited 
on the blade, the blade is accelerated until the stabilization 
of the adjusted rotation resulting in a uniform speed and finally, 
the solution ceases to be expelled by centrifugal force and the 
thickness control is accomplished only by solvent evaporation20. 

Figure 2 shows the complete spin coating process.

Figure 1: Commercial monochromatic OLED devices with: (A) 
circular active area and (B) rectangular active area.  

(A)

(B)

The biggest challenge for the OLED industry has been to 
increment the efficiency and lifetime of these devices in order 
to compete with the conventional LEDs and this aspiration has 
urged the technological research7,8. In laboratory, the OLED 
assembling process has been carried out in a glove-box system 
with controlled humidity and inert atmosphere to reduce these 
problems9,10. OLED devices have polymeric-organic thin films 
sandwiched between inorganic electrodes the deposition of these 
organic materials have been carried out by spin coating method 
with commercial spinners11-13. The thickness and composition 
of the active polymeric-organic layer are very important because 
the light emission depends on the electrical current that flows 
through these layers.

As a matter of fact, electron and hole mobilities are changeable, 
depending on the material and morphology, although of utmost 
importance as a non-balanced number jeopardizes the charge 
recombination reducing the light emission and increasing the 
energy consumption14,15.

Figure 2: Formation of polymeric thin films by spin coating 
technique.
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In summary, the final thickness of layer (that can be measured by 
various techniques as: profilometer, elipsometry or AFM – atomic 
force microscopy of film depending on the order of magnitude) 
is influenced by various factors as: concentration of the material 
in the solution, initial speed of rotation, solvent evaporation rate, 
solution viscosity, vapor pressure and relative humidity. For these 
reasons, a meticulous analysis on the rotation behavior of the 
spinner mounted in this work should be performed.
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EXPERIMENTAL
Analyses of the Fans

The spinner assembly started using ten fans of two sizes taken 
from obsolete microcomputers, three models of 12.0 × 12.0 cm 
size and seven models of 8.0 × 8.0 cm size. First the propeller 
blades were removed leaving only the shaft that will serve as 
the sample support (named as chuck). Each fan was identified 
by a letter, from A to Q. Table 1 shows manufacturer, electrical 
characteristic and size.

Table 1: Identification and specifications of the fans tested.

Identification 
fan

Manufacturer
Electrical 

characteristic
Size 
(cm)

A
ADDA Corporation 

(AD1212MS-A73GL)
12 VDC/ 0.34 A 12 × 12

B
ADDA Corporation 

(AD1212MS-A73GL)
12 VDC/ 0.34 A 12 × 12

C New Flow (8025-S) 12 VDC/ 0.18 A 8 × 8

D New Flow (8025-S) 12 VDC/ 0.18 A 8 × 8

E
Powersonic 

(PS-8025HS)
12 VDC/ 0.16 A 8 × 8

G S8025M 12 VDC/ 0.15 A 8 × 8

H KC8020H 12 VDC/ 0.18 A 8 × 8

I Fukuryo(FM802512M) 12 VDC/ 0.15 A 8 × 8

J Yuh Jonq (E14948O) 12 VDC/ 0.13 A 8 × 8

Q XT (Axial Fan) 12 VDC/ 0.28 A 12 × 12

P ADDA 12 VDC/ 0.24 A 8 × 8

In this early stage a commercial power supply AD-1000 model, 
18 W and 1000 mA was used. It can select different nominal 
output voltages: 1.5, 3.0, 4.5, 6.0, 7.5, 9.0 and 12.0 volts.

Measurements of voltage, electrical current and speed of rotation 
were taken for each position for all fans. The better fans present 
the lowest variation of speed at a given voltage. A multimeter 
manufactured by Minipa, ET- 1001 model was connected in 
parallel with the fan to measure the voltage, while another 
multimeter, ET-2082A model (Minipa) was connected in serial 
with the fan to measure the electrical current. For measurement 
of the rotation speed, a tachometer, MDT-2238A model (Minipa) 
set in photo-digital mode was used. This tachometer emits a light 
signal (red laser) that is reflected by a silver tape fixed on the fan 
shaft. Figure 3 shows the layout used for the speed and electrical 
measurements.

Variable Power Supply Assembly
A variable power supply was built with a 15 V + 15 V center 

tapped transformer (maximum electrical current of 1.5 A). A fuze 
was connected to the transformer to avoid damages due to any 
voltage oscillation. To rectify the alternating current, two 1N4007 
diodes were used and a 4,700 μF and 50 V capacitor was used to 
reduce the ripple effect. For the voltage divider an LM317 IC was 
connected the 10 K potentiometer that allows the desired voltage 
setting. This variable power supply provides from 1.25 to 15 V, 
but 12 V was used due to the electrical specifications of the fans.

All electronic components and materials used to assemble the 
variable power supply are described on Table 2.

Figure 3: Layout showing the power supply and fan connected to measuring equipments.

Table 2: Materials used in the variable power supply prototype.

Power supply Voltage regulator Components

1 fuze and fuze holder
1 transformer (15 V + 15 V / 1.5 A) 

2 1N4007diodes 
1 electrolytic capacitor (4700 μF 50 V)

wires and plugs

1 LM317 IC
1 heatsink

1 potentiometer B10K
2 1N4007 diodes 

1 capacitor (10 μF 100 V)
1 resistor 220 ohms

1 protoboard
10 borns
jumpers
screws

wires for connection

Tachometer

Voltimeter

Varible power supply

Power line (220V)

Ammeter

FanStand
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Electrical Circuit and Assembly of Spinner 
Apparatus

A printed circuit board (Fig. 4) was designed (with geometry 
of 12.0 × 7.0 cm) using Proteus Ares software and drawn with 
a permanent ink pen on the cooper face of a phenolite board.  

After drying the ink, the exposed areas were corroded with iron 
(III) chloride. Then the board was washed, dried and little holes 
were made with a mini drill, manufactured by Tozz Company for 
electronic components welding. The complete electrical circuit 
(with size 12.0 × 7.0 cm) was placed within a plastic box; the 
on-off switch button and the speed of rotation control were 
adapted. 

The chosen fan was screwed inside the bottom to prevent 
solution splashing during the rotation. 

A double sided tape was used to fix the substrate to the 
motor shaft (used as chuck). Figure 5 shows the complete 
spinner apparatus.

Assembly of OLED Devices
The OLED devices were prepared using ITO (indium tin 

oxide) of 13 Ω/ deposited on glass substrates (manufactured 
by Diamond Coatings Limited) in geometry of 2.5 × 2.5 cm. The 
substrates were cleaned with common detergent and running 
water to eliminate micro particles, immersed in the isopropyl 
alcohol and after in acetone, both by 30 min using ultrasonic 
bath21. To complement the cleaning process was used also a 
UV-Ozone apparatus to irradiation of ITO surfaces by 20 min22. 

This process eliminates contaminants on the film and also 
contributes to a better spreading of the polymer. 

The PEDOT:PSS [poly(3,4-ethylenedioxythiophene):poly-
styrenesulfonate] (supplied by Sigma-Aldrich) thin film was 
deposited using different speeds with 2000 and 3000 rpm. 

These films were dried at 50 °C for 5 min. The emissive 
material with poly[(1,4-phenylene-2-fluor)-2,7-(9,9-dioctyl-
fluorene)] (polyfluorene or PFpf) synthesized in laboratory was 
diluted in chloroform at 10 mg/mL, spin coated onto PEDOT:PSS 
film and dried at same condition previously used23. Finally, 
aluminium was thermally evaporated on the polyfluorene form 
the cathode. Organic thin film was measured by profilemeter 
with equipment of Veeco, model Dektak 6M with three 
measurements.

Three OLED (each device with its respective anode and 
cathode) were obtained at the same time on each blade. The 
samples were encapsulated in the glove box under nitrogen gas 
using glass with geometry of 1.7 × 1.7 cm (covering all devices 
at the same time) and rubberized tape (manufactured by 3M, 
model VHB) at the edges24. Figure 6 shows the structure of 
OLEDs assembled.

A source meter manufactured by Keithley, model 2400 
connected by Labtracer 2.0 software set as diode was used 
for the electrical characterization of OLED devices. Figure 6 
shows the structure of OLED devices assembled. During the 
experiments the voltage was applied to obtain the respective 
electrical current.

Figure 4: (A) Electrical circuit projected with Proteus Ares software and (B) electrical circuit.
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RESULTS
The large fans, A, B and Q were investigated applying voltage 

(V) using the commercial power supply at: 1.5, 3.0, 4.5, 6.0, 
7.5, 9.0 and 12.0 volts to obtain the rotation speed (rpm). In 
this interval voltage, the A and B motors showed similar results 
presenting below 4000 rpm, as reported by literature25-27. The Q 
motor presented higher values of speed in the same interval of 
different voltages and for this motive, it was abandoned. 

Figure 7 shows the speed × nominal voltage for fans A, B, 
and Q.

In the range from 1000 to 4000 rpm, fans A and B respond to 
≈3 V stimulus, while I and P start responding only at higher 
applied voltage ≈5 V. However, if only the range from 1500 to 
3000 rpm is considered for the deposition of thin films for OLED 
devices assembly, there is no significant difference.

Fans A and B presented smaller angular coefficient which 
makes the voltage setting with the potentiometer easier because 
the speed is less sensitive to voltage variation compared to fans 
I and P. 

Another relevant fact is that fans I and P presented more 
vibration, this instability may cause films to have non uniform 
thickness.

In Fig. 10 it is observed that fan B presented the highest electrical 
resistance, while fan A showed the lowest for most of the applied 
voltage. A possible explanation for this behavior can be given by 
the fact that all fans tested came from obsolete computers and no 
information about the lifetime conditions is available.

The correlation speed × electrical current is shown in Fig. 11. It 
revealed that the fan B reached the highest speed with the lowest 
increase of electrical current. This result was not expected, since 
fan A presented the electrical current increasing in a steeper trend 
with the applied voltage (Fig. 10), compared to fan B. It’s clear that 

Figure 6: Structure of OLED devices assembled.
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Figure 7: Speed x nominal voltage for fans: A, B, and Q.

Figure 8 shows the performance of 8.0 × 8.0 cm for little fans 
(C, D, E, G, H, I, and P).

In this case, fans I and P presented most usual speed range in 
the assembly of OLED, while the fans C, D, E, G, and H presented 
very high values of speed, then they were discarded to be used as 
spinner.

Then a comparison between little fans (I and P) and large 
fans (A and B) was carried out using the variable power supply 
mounted in the laboratory. Approximately 50 measurements 
were performed for each fan. Figure 9 shows the results of 
speed × voltage for fans A, B, I and P.

Figure 8: Speed x nominal voltage for fans: C, D, E, G, H, I, and P.

Figure 9: Speed x voltage for fans: A, B, I, and P.



92 Rev. Bras. Apl. Vac., Campinas, Vol. 37, N°2, pp. 87-94, Maio - Ago., 2018

Low cost spinner developed for deposition of thin films used in OLED devices

the fans I and P presented poor results with unstable curves in the 
speed caused by variation of the electrical current. 

On the other hand, it was difficult to determine which fan A or 
B is better, because both presented performance curves indicating 
good stability.

Fan A showed higher electrical current with the applied 
voltage (larger angular coefficient), is more responsive and would 
probably be chosen to the spinner apparatus. For a more clear 
interpretation, the derivatives of the speed × voltage curves were 
obtained in the Fig. 12.

These results help finding the fan that presented lowest variation 
of speed with the applied voltage.

In addition, derivative × voltage applied for fans A and B shown 
low variation. This analysis is an important characteristic for 
thin films deposition as increasing or decreasing voltage before 
setting will not affect the thickness, it means that when a specific 
voltage is applied it will yield the same speed even if a higher or 
lower voltage had been used previously. Figures 13 and 14 show 
the voltage applied (from 0 V to 12 V, and also from 12 V to 
0 V) × speed rotation (rpm) for fans A and B, respectively.

Fans A and B have shown similar behavior in Figs. 13 and 14, 
however fan A seemed to be a better choice as its current response 
to applied voltage (Fig. 10) is comparatively steeper. Therefore it 
was selected together with the variable power supply to assembly 
the spinner apparatus.
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Figure 10: Electrical current × voltage for fans: A, B, I, and P 
obtained with variable power supply.

Figure 13: Speed × voltage for fan A obtained with variable power 
supply.

Figure 12: Derivate × voltage for fans: A, B, I, and P obtained with 
the variable power supply.

Figure 11: Speed × electrical current for fans: A, B, I, and P 
obtained with variable power supply.

Figure 14: Speed × voltage for fan B obtained with variable power 
supply.
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Then photoresist on the ITO film was deposited using four 
different rotations (Table 3). Three measurements at different 
points were carried out for each sample. The fan A showed 
good results with low variation on the standard deviation of the 
thicknesses for polymeric films produced.

Table 3: Thicknesses of photoresist films measured by profilometry.

Sample
Speed 
(rpm)

Thickness (µm) 
± 

Standard deviation

1 1000 4.89 ± 0.09

2 2000 3.45 ± 0.08

3 3000 2.80 ± 0.11

4 4000 2.37 ± 0.04

The spinner apparatus with fan A was used to assembly 
three OLEDs with 2000 and 3000 rpm and I-V curves were 
obtained for each device tested. Figure 15 shows I-V curves 
for OLED mounted with 2000 rpm and Fig. 16 for OLEDs 
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Figure 16: Current density × voltage for OLED device deposited at 
3000 rpm with variable power supply.

Figure 15: Current density × voltage for OLED device deposited at 
2000 rpm with variable power supply.

mounted with 3000 rpm. The highest electrical current density 
with range of threshold voltage from 8 to 9 V (obtained by 
imaginary tangent line to voltage axis) was found for devices 
of which layers deposited at 2000 rpm (Fig. 15).

These devices presented also similar aspects of diode 
curves. In comparison, the devices prepared at 3000 rpm 
(Fig. 16) showed lowest current density and some variations 
in the curves were also observed. In the work of Albano de 
Almeida OLEDs were mounted with the same structure and 
spinner apparatus at 3000 rpm for all layers, but the results 
of I-V curves revealed also poor performance in devices with 
highest voltage threshold and lowest electrical current28.

CONCLUSION
The assembly of compact and low cost spinner was possible 

to accomplish from a power supply fan. Fans of different sizes 
used in microcomputers connected to a multi-step-power-
supply to control it were used to test spinner configurations 
and performances. Later, a variable power supply was also 
assembled in order to achieve higher voltage resolution. In 
the final tests, the fans named A and B were chosen based 
on the following criteria: (a) contribution to the compactness 
of the spinner, facilitation handling in a glove box system 
for assembly of OLED devices; (b) amplitude of adjustable 
speeds, suitable to work from 1000 to 3000 rpm, used in the 
assembly of OLED devices; (c) stability of the speed with 
variation of the applied voltage (as shown by the derivative 
curve of speed in function of voltage). It is very important 
that the specific voltage applied to the spinner does not cause 
variations in the rotation speed to avoid non-uniformity and 
assure flatness in the final thickness of the thin film and 
(d) absence of vibration observed during the spin-coating 
process to preserve the good homogeneity of the polymeric 
layers. The apparatus spinner with fan A was used to build 
OLED devices and the polymeric layers were deposited at 
2000 and 3000 rpm to assembly the structure: glass/ITO/
PEDOT:PSS/Polyfluorene (PFpf)/Al revealing blue light 
emission. The OLED device prepared at 2000 rpm presented 
better results with highest current density and similar aspect 
of diode curve.
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