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ABSTRACT:  This work describes the design, construction and
characterization of a radio frequency magnetron sputtering system
for thin film deposition. Target-materials with different electrical
properties were used for system characterization: copper, indium
oxide and silicon dioxide. The films were deposited on glass and
silicon substrates, at room temperature, under a pressure of Sx10-4
Torr. The microstructure of the obtained thin films was investigated
by X-ray diffraction and atomic force microscopy. Electrical and
optical properties were obtained by Hall effect and transmittance
measurements, respectively. The results showed that the assembled
sputtering system allows the deposition of high quality films with high
thickness uniformity. Linear dependence of the deposition rate on the
work power was achieved for the deposited films, whose properties were
well consistent with those reported in the literature. These results show
the control of deposition parameters in the assembled system.
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1. Introduction

heoretical advances in the various fields

of science impose the need to establish

mastery of techniques and improve-
ment of equipment assembly skills, in such a way that
the branch of scientific instrumentation is essential
for developing the various areas of science. In recent
decades, thin film deposition techniques have stood
out due to their applications, both in industry and in
various fields of science [1]. The production of mate-
rials, in the form of thin films by sputtering, stands
out for the ability to manufacture thin films of mate-
rials with complex compositions, at room temperatu-
re, regardless of their electrical, optical, and mechani-
cal properties [2, 3, 4].

This study’s objective is to present the design and
construction of a system for the deposition of thin fil-
ms by sputtering with a radio frequency source as-
sisted by magnetic fields (RF Magnetron Sputtering),

37 « RMCT

RESUMO: Este trabalho descreve a concepgio, a construgio e a
caracterizagao de um sistema de pulverizagdao catodica com fonte de
radiofrequéncia assistida por campos magnéticos para deposi¢io de
filmes finos. Materiais para alvo com propriedades elétricas distintas,
Sforam usados para caracterizar o sistema: cobre, oxido de indio e didxido
de silicio. Os filmes foram depositados em substratos de vidro e silicio,
a temperatura ambiente, com uma pressao de deposi¢ao da ordem de
8x10-" Torr. A microestrutura dos filmes finos obtidos foi caracterizada
por difragdo de raios x e microscopia de for¢a atomica. As propriedades
elétricas e dticas foram obtidas pelas medidas de efeito Hall e de
transmitancia, respectivamente. Os resultados mostraram que o sistema
construido possibilita a deposigao de filmes de alta qualidade e boa
uniformidade de espessura. Para todos os materiais investigados, a taxa
de deposi¢ao aumentou linearmente com a poténcia e as propriedades
obtidas estavam de acordo com os valores reportados na literatura,
mostrando o controle dos pardmetros de deposi¢ao no sistema construido.

PALAVRAS-CHAVE: Instrumentagao. Pulverizagao Catddica. Filmes
Finos. Propriedades Estruturais. Propriedades Elétricas. Propriedades
Opticas.

for the manufacture of thin films. To prove the suc-
cess of the assembled system, thin films of materials
with different electrical properties were deposited:
copper, as an electrically conductive material, silicon
dioxide, as an electrical insulating material, and in-
dium oxide, with semiconductor properties. Finally,
the thin films produced were characterized to prove
their quality as well as the technical feasibility of the
assembled equipment.

2. Materials and Methods

2.1 Development of the Magnetron Sputtering System
Project

For the project assembly, a stainless-steel cylin-
drical bell jar, measuring 30 cm in diameter and 30



cm in height, was used for the deposition chamber.

It was evacuated by a system consisting of a diffu-

sion pump with a cryogenic trap to obtain high va-

cuum, a dry scroll vacuum pump to obtain primary

vacuum, a valve with controlled opening for the

pumping conductance during deposition, and a set

of pressure gauges. The assembly of the projected

deposition system was divided into stages:

(1) Dimensioning and assembly of a cabinet to
support the bell jar and gauges, using angle bra-
ckets of carbon steel, and aluminum plates to
support the equipment and its closure. An alu-
minum plate was placed at the top of the cabinet
to support the deposition chamber, and another
aluminum plate was placed at the bottom to su-
pport the pumping system. Figure 1 illustrates
the equipment structural design;

(i) Use of'a 306L stainless-steel cylindrical disc to
support the internal components of the deposi-
tion system (base plate);

(i) Design of the electrical power system, ena-
bling the independent supply of the electronic
equipment that comprise the deposition system
and the performance of individual tests in each
part of the electrical system, both in the vacuum
pumping system and in the radio frequency and
instrumentation equipment;

(iv) Resizing and adaptation of the pre-existing
vacuum system at the Laboratory of the Thin
Film (LFF) of the Military Institute of Enginee-
ring (IME) (Figure 2);

(v) Sizing and installation of the forced air-cooling
system with cold water for the diffusion pump,
and for the target material for deposition;

(vi) Assembly and installation of a shutter to pro-
tect the substrates during the stage of removal
of impurities affixed to the target surface, and in
the stage of control of deposition rate and film
thickness;

(vii) Installation of a stainless-steel square as a
substrate holder with 10 cm edge, with adjusta-
ble height, to accommodate four square substra-

tes of 2.5 cm;
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(viii) Installation of a RFX 600 radio frequency
generation source, and an ATX module of auto-
matic impedance-matching for the substrate-ca-
thode, both manufactured by Advanced Energy;
(xix) Installation of a magnetron cathode, model
MAK3, manufactured by MEIVAC, which holds
3-inch diameter targets;
(x) Installation of a pressure gauge with capa-
citive membrane, manufactured by EDWARDS
(Barocel® model 600A-100T-R12-N12X-4), to
evaluate the base pressure of the system, and a
cold cathode ionization gauge, manufactured by
EDWARDS (Penning®, model 6 D145-08-00), for
evaluation of the high vacuum;
(x1) Installation of a pressure gauge with capaciti-
ve membrane, model 626201 TDE manufactured
by MKS, for pressure measurement during de-
position;
(xii) Installation of a needle valve, model SS-4-BK
manufactured by Swagelok®, to control the flow
of argon in the chamber during the purging and
deposition stages.

The designed and assembled system is shown in

Figure 3.

Fig. 1 - Schematic representation of the support

cabinet in exploded-view drawing.
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Fig. 2 - a) High vacuum system; b) Schematic of atmosphere was obtained. Finally, the pressure was

the vacuum system in exploded-view drawing.

Fig. 3 - a) Design of the sputtering system; b)
Photograph of the sputtering system assembled.

2.2 Characterization of the deposition system

To characterize the deposition system initially as-
sembled, thin films deposited on glass slides and on
monocrystalline silicon chips were produced.

Before sample production, the system was pum-
ped up to a base pressure of 8x10° Torr, followed by
the stage of obtaining an argon residual atmosphere.
This step was performed with the following experi-
mental procedure: a first purge was performed by in-
jecting argon into the deposition chamber, using the
needle valve to raise the pressure up to 3 mTorr. The
pressure was maintained for about 60s; subsequently,
the pressure was reduced to the base pressure by clo-
sing the needle valve. This procedure was performed
at least three times to ensure that the argon residual
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maintained at 3 m’Torr to perform the deposition.

For the production of a full series of samples,
copper, silicon dioxide, and indium oxide targets
were used. The films were deposited on glass slides
and with different power outputs to characterize
the deposition system. Table 1 presents the depo-
sition parameters used, kept constant during the
production of the films, regardless of the type of
target material used.

Table 1 - Parameters kept constant during depo-

sitions.
Parameters Values
System Base Pressure ~8x10° Torr
Plasma opening pressure 30 mTorr
Deposition pressure 1 mTorr
Target-substrate distance 75 mm
Deposition temperature Ambient

After the production of the thin films, thickness
was measured using the Veeco profilometer, model
Dektak 150 of the LFF, and the Dektak 8 from the Ma-
terials Division (Dimat) of INMETRO. To obtain elec-
trical resistivity, the LFF BioRad equipment model
HL 5500 was used. For structural characterization of
the deposited films, the X’Pert Powder diffractometer
of PANalytical, from the Laboratory of X-ray Diffrac-
tion of IME, was used. For morphological analysis, a
Witec atomic force microscopy (AFM), model Alpha
300 from Dimat/INMETRO, and the high-resolution
scanning electron microscope, model HELIOS NA-
NOLAB, FEI trademark installed at the Microscopy
Center of INMETRO, were used.

3. Results

The copper target was the first material used to
manufacture the films, followed by the silicon dioxide
target, due to its opposite electrical properties. The
other material used for the characterization of the de-
position system was indium oxide, for its semiconduc-



tor characteristic. Tables 2 to 4 present the deposition
parameters used, with the values obtained for thick-
ness, deposition rate, and resistivity of films (since
SiO, films are insulating, they could not be measured
for resistivity). The deposition time was maintained
at 10 min for copper depositions and 60 min for SiO,
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and In,O, depositions. The deposition pressure was
maintained at 1 mTorr for all depositions. Due to the
insulating characteristic of silicon dioxide, it was ne-
cessary to apply higher power outputs to enable film
production with deposition rates in the same range as
those used in copper and In,0O, targets.

Table 2 - Thickness and resistivity of thin films of copper in function of deposition parameters.

1 20 393 0.7 0.1
2 50 1366 2.3 1.6
3 80 2445 4.1 0.6
4 110 3850 6.4 3.6

Table 3 - Thickness and resistivity of thin films of SiO, in function of deposition parameters.

1 100 3396 0.9
2 150 6266 1.7
3 200 9125 2.5

Table 4 - Thickness and resistivity of thin films of In,O, in function of deposition parameters.

1 20 2265 0.6 131
2 50 5272 1.4 138
3 80 10152 2.8 195
4 110 14282 3.9 120

Figure 4 shows the behavior of the deposition rate
in function of the power used to produce the films.
Analyzing Figure 4, it is possible to observe the exis-

tence of a very strong linear correlation between the

deposition rate of the three materials used and the
work power. This result is well known in the literature
[6-7] and attests to the control of this important depo-
sition parameter in the assembled system.
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Fig. 4 - Deposition rate of thin films manufactured
in the sputtering system in function of power: a) co-
pper; b) SiO,, and c) In,O,.
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Figure 5 shows the diffractograms of the deposi-
ted films at different power outputs. It is important to
highlight the absence of contaminating phases in the
deposited films, which attest to this system capacity of
depositing pure and good quality films.

In the case of copper films, it is observed that the
films deposited with the powers of 50, 80, and 110W
are crystalline and show a preferential growth in
the direction (111), according to the crystallogra-
phic data JCPDS 00-004-0836 of copper. It is also
observed that the thin film deposited with 110W
has higher crystallinity than the others, while the
copper thin film deposited with 20W is amorphous.
The crystallinity resulting from the work power
increase is possibly related to the greater number
of atoms that reach the substrate per time interval,
favoring the increase in the thickness of films and,
consequently, the cryd€2Ifsity. The amorphous cha-
racteristic of the AlnPEPHSFRRRAVE2OMY is due to
the low deposition rate used (0.7 A/s) resulting in a
small thickness, when compared to other films.

Analyzing the diffractograms of SiO, films, it is
possible to observe that all films are amorphous. This
result is well known and related to the fact that the
films were grown at room temperature [8,9].

The diffraction peaks of films In,O, were iden-
tified with the crystallographic card JCPDS 00-
006-0416. Analyzing the diffractogram of the film
deposited with 50 W, there is a very strong crys-
tallographic orientation in the direction (222).
However, the film grown at 110 W showed higher
crystallinity with a preferential growth in the di-
rection (400). It is also noted that the power in-
crease favored crystallinity, which is also repor-
ted by other authors as resultant of the greater
kinetic energy of the molecules colliding with the
substrate [9-11]. However, in this study, it is worth
mentioning that such effect is much more due to
the greater thickness of the films deposited with
higher power outputs.



Fig. 4 - Diffractograms of thin films manufactured
in the sputtering system: a) copper; b) SiO,; ¢) In,O,
deposited with 50W; d) In,O, deposited with 110W.
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Intensity (A.U.)

Figures 5 to 7 show atomic force microscopy (AFM)
images of the deposited films surface. The roughness
values obtained from the respective images are shown
in Tables 5 to 7.

The AFM images show that the films are nanome-
tric, and there is a small increase in grain size with
power. This result is in accordance with the increase
in crystallinity observed in Figure 4, for higher power
outputs [12,13].

As for roughness, a small increase is observed in
function of the deposition power, a fact that is related
to the greater thickness of films deposited with higher
power outputs.

Fig. 5 - AFM images of thin copper films deposited
with: (a) 20W; (b) 50W; (c) 80W; (d) 110W.
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Fig. 6 - AFM images of thin SiO, films deposited
with: (a) 100W; (b) 150W.

Fig. 7 - AFM images of thin films of In,0O, deposi-
ted with: (a) 50W; (b) 110W.

Table 5 - Roughness of thin copper films in func-
tion of deposition power.

20 1.58
50 1.71
80 1.85
110 1.36

Table 6 - Roughness of thin SiO, films in function
of the deposition power.

100 0.65
150 0.94

43 « RMCT

Table 7 - Roughness of thin In,O, films in function
of the deposition power.

50 0.65
110 0.94

Figure 8 shows the variation in the resistivity of the
copper and In,O, films in function of the deposition
power. The resistivity of the silicon oxide films was
not measured, since the film was insulating. The me-
asured values are in the same order of magnitude as
the reported resistivity of the materials: 1.7 u{).cm for
copper [14], and 4.0 x 10* Q.cm for In,O, films [15,
16]. This result also contributes to attest to the good
control of the deposition parameters in the assembled
system.

The transmittance curves of SiO, and In,O, films
deposited in the different power outputs are shown in
Figure 9. Since copper is a metal, the transmittance of
the film was not measured.

By analyzing the transmittance spectra of In,O,
films, a variation in the position of the fundamental
absorption edge of the films is observed in relation
to the power. This result is well reported in the lite-
rature as a consequence of the formation of oxygen
vacancies [17].

Analyzing the transmittance spectrum of the SiO,
film deposited at 100W, it is noted that its behavior
resembles the spectrum of silica with an absorbing
edge at the end of the visible spectrum. This result is
consistent with the amorphous characteristic of SiO,
deposited with this power. However, the spectra of
thin films produced at 150 and 200 W show that the
fundamental absorption edges were extended to the
near-ultraviolet region, which is a characteristic of
SiO, crystalline (quartz). These results are consistent
with the trend towards crystallization observed in the
respective AFM images (Figure 6) of the films deposi-
ted with higher power outputs.
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Fig. 8 - Electrical resistivity of thin films manufactured in the sputtering system in function of deposition

power: a) copper; b) In,O,.
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Fig. 9 - Transmittance spectra of thin films manufactured in the sputtering system at different power ou-

tputs: a) In, O, thin films; b) SiO, thin films.
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4 Conclusions

A radio frequency magnetron sputtering system
was designed and assembled for the manufacture of
thin films. This system is operational on the LFF-IME
installations, having already performed more than 60
deposition cycles. The depositions of the three targets
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with different characteristics (conductor, semicon-
ductor, and insulator) provided films of good quality,
good thickness uniformity, and properties similar to
those reported in the literature. The deposition rate
of films varied linearly in relation to work power. The-
se experimental results attest that the assembled sys-
tem provides good control of deposition parameters.
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