Materials Science-Poland, Vol. 27, No. 2, 2009

Deposition of Au, Au-V and Au-VO,
on Si wafers by co-sputtering technique
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Au, Au-V and Au-VO, thin films were deposited on Si wafers by a co-sputtering technique. A four-
point probe shows that the electrical resistivity of pure Au thin film on Si wafer without annealing is 7.2
mQ-cm. The resistivities of thin films deposited on Si wafers, with or without annealing, tended to in-
crease with the increase in the V and VO, concentrations, and were attributable to the inhibited drift
mobility of charge carriers within the films. By using the nanoindentation technique, the hardness in all
cases also tended to increase with the increase in the VV and VO, concentrations. The hardness of pure Au,
without annealing, was 2.52 GPa. It decreased to 1.80 GPa and 1.75 GPa after annealing at 200 °C and
400 °C, respectively. SEM and TEM analyses revealed the presence of nanosized particles on the surfaces
of the thin films. XRD analysis of Au-4.00% VO, film deposited on Si wafer detected the presence of
Au, VO and Si. However, SAED analysis only detected the presence of Au on the film.
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1. Introduction

The development of biological and microelectromechanical systems (MEMS), mi-
croelectronics and optoelectronics has been increasingly important, inspiring a number
of researchers to investigate new materials for use as thin films [1-3]. Low electrical
resistivity, good resistance to wear, and biological compatibility are the prime features
of such materials [1, 2]. Among various thin films, Au/Si is widely used due to its
chemical stability, low resistivity, good reliability and other factors. These properties,
influenced by microstructures and processing temperatures [4], deserve further inves-
tigation. Au and its alloys are very attractive for use in many MEMS devices due to
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their low electrical resistivity and good corrosion resistance [1, 2]. Au thin films were
deposited on substrates using various methods, such as Au films deposited on glass by
ion beam-induced enhanced adhesion [5], nanoparticle Au films by pulsed laser depo-
sition [6], uniform Au film on glass by microwave-assisted deposition [7], Au thin
films by Ar sputtering [8] and by thermal evaporation [9], Pt and Au thin films by
filtered vacuum arc [10] and Au films by electrodeposition [1]. V is a promising ele-
ment which can be used as an alloying element of Au [2]. The electrical properties of
VO, are also very attractive. They change between metallic and insulating behaviours,
termed metal—insulator transition (MIT) [11, 12]. VO has metallic conductivity due to
the overlapping of 3d orbitals of the metal [12]. VO, exhibits phase change from insu-
lator to metallic state at 68 °C, and V,0s does so at 250 °C [11]. V05 undergoes
phase transition from semiconductor to metal at —123 °C [13]. It has a low noise prop-
erty due to its low resistivity at room temperature [13]. Therefore, VO, film can be
used for many applications such as electronic switches, sensors and memory units
[11]. The purpose of the research was to deposit Au, Au-V and Au-VO, thin films on
Si wafers by the co-sputtering technique and to investigate their properties.

2. Experimental

Au, Au-V and Au-VO,thin films were deposited on Si wafers by dc magnetron
sputtering under the pressure of 4x107 torr Ar pressure. To deposit the Au-V and Au
-VO, films, two guns were used to control the Au and VV compositions. The pressure
of O,equal to 10™ Torr was also applied to the Au-VO film depositions. Each film
was deposited until it was 500 nm thick. A part of the deposited films were subject to
annealing at 200 °C and 400 °C for 1 h. In order to characterize the resistivity, hard-
ness, morphology and phase compositions of the deposited films, the following tech-
nigues were employed: a four-point probe method, a nanoindentation technique, X-ray
diffractometry (XRD), scanning electron microscopy (SEM), transmission electron
microscopy (TEM) and selected area electron diffraction (SAED).

3. Results and discussion

The electrical resistivities of Au and Au-V thin films deposited on Si wafers
(Fig. 1a) increased with the increase in the V concentrations. These observations show
that the additional V atoms hindered charged carriers from drifting in the films. The
resistivities of pure Au thin films, with or without annealing at 200 °C and 400 °C,
share the same values, namely 7.2 mQ-cm. For the same V concentrations, their resis-
tivities tended to decrease after high temperature annealing, especially at 400 °C. Dur-
ing the annealing, Au and V atoms were arranged in a systematic array, leading to a
decrease in resistivity. The resistivities of Au, Au-2.30% VO, and Au-4.00% VO,
(Fig. 1b), with or without annealing, slowly increased with the increase in the VO,
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content, and tended to decrease after the annealing. For each of the annealing tempera-
tures, the resistivity of Au-VO, is not as great as that of Au-V. The resistivities of
Au-4.00% VO, are almost equivalent to those of the corresponding VO,
—free matrix. They are 17.3 mQ-cm if the sample is not subject to annealing (Tg),
whereas it measures 17.7 and 10.2 mQ-cm if subjected to annealing at 200 °C and

400 °C, respectively.
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Fig. 1. Resistivities of Au, Au-V (a), and Au-VOy (b) thin films deposited on Si wafers
before (room temperature, Tg), and after annealing at 200 °C and 400 °C for 1 h

The hardness of each thin film deposited on Si wafer was measured ten times. Av-
erages and standard deviations have been calculated (Fig. 2). The hardness of various
Au and Au-V thin films (Fig 2), with or without annealing, tended to increase with the
increase in the V concentrations. The hardness of pure Au not subject to annealing
amounted 2.52 GPa, whereas after annealing at 200 °C and 400 °C it was
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Fig. 2. Hardness values of Au, Au-V (a) and Au-VO, (b) thin films
deposited on Si wafers before and after annealing at 200 °C and 400 °C for 1 h
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1.80 GPa and 1.75 GPa, respectively. In comparison with the values obtained for non-
annealed films, the hardness of the corresponding thin films deposited on Si wafers
became lower after annealing, due to the grain growth and phase change processes. In
general, the lowest hardness corresponds to the highest annealing temperature. In the
case of Au, Au-2.30% VO and Au—4.00% VO, (Fig. 2b), the hardness also tended to
increase with the increase in the VO, concentration. The greatest hardness, equal to
4.00 GPa, was found in non-annealed Au-4.00% VO,. The higher hardness implies
that VO, particles have the effect of hindering plastic deformation of thin films, by trap-
ping dislocations. The hardness became lower when the films were subject to annealing.

Fig. 3. SEM images of: a) Au, b) Au-0.65% V, ¢) Au-4.60% V and d) Au-4.00% VO,
thin films deposited on Si wafers after annealing at 200 °C for 1 h

SEM images show general morphologies of the films. After annealing at 200 °C,
the Au, Au-0.65% V and Au-4.60% V surfaces (Figs. 3a—c) were composed of
a number of nanodots or nanoparticles, although the films did contain a variety of V
concentrations. The average size of pure Au particles was 56 nm. The addition of V to
Au led to the reduction in their sizes by hindering grain boundary mobility. For the
Au-4.00% VO, surface (Fig. 3d), a number of nanoparticles were also detected. This
reflects their properties such as electrical resistivity, surface roughness and hardness.

TEM image data (Fig. 4a) show that the thin film was composed of a number of
dispersed, nanosized particles. Different colours (dark, white and gray) appear on the
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Fig. 4. TEM image (a) and SAED pattern (b) of Au-4.00% VO,
thin film without annealing at a high temperature

image, showing that a rough surface had been produced on the wafer. Moiré fringes
were detected. They are the interference patterns of two crystallographic phases with
slightly different lattice parameters [14-16]. A SAED pattern (Fig 4b) appears as sev-
eral concentric rings, due to the diffraction of electrons through the polycrystals. The
rings are diffuse and hollow, showing that the thin film was composed of nanosized
crystals. Interplanar spaces of the diffraction planes were calculated [17-19] and com-
pared with those computed by the JCPDS software [20]. The pattern corresponds to
(111), (200), (220), (311), (222), (400), (331) and (420) planes of the polycrystals,
specified as Au (cubic) with Fm3m space group. The (111) ring has the strongest in-
tensity. No VO, was detected in the research presented here. Its concentration could
have been too low to be detected.
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The XRD spectrum (Fig. 5) was indexed using Bragg’s law for diffraction, and
was compared with that provided by the JCPDS software [20]. The spectrum is consis-
tent with the deposition of Au and VO, on Si wafer. It is very sharp, showing that the
deposited film was composed of crystals. The strongest intensity peak is at 26 = 38.1°.
It mainly diffracted from the (111) plane of Au. VO played a relatively minor role in
the diffraction, due to its low concentration (Au—4.00% VO,).

4. Conclusions

Au, Au-V and Au-VO, thin films were successfully deposited on Si wafers using
a DC magnetron sputtering technique. The resistivities and hardness of thin films de-
posited on Si wafer increased with the increase in the V and VO, concentrations de-
creased after high temperature annealing. The properties were influenced by the num-
ber of nanosized particles and different phases of the thin films.
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