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1. Introduction

Elastic stiffness of polycrystalline thin films
tends to be smaller than that of the corresponding
bulk materials. This is thought to be caused mainly
by defects at grain boundaries that were formed
during the deposition'. In polycrystalline Cu thin
films, elastic stiffness recoveries to the bulk value
by annealing’. The recovery is consistently
explained by the reduction of defects, and this result
supports the view that defects soften polycrystalline
thin films.

Understanding the film-growth process is an
important task to reduce the defects and improve
the elastic property. X-ray  diffraction’ and
curvature measurement’ have been used for
studying the structural evolution during and after
the deposition. However, relationship between the
structural evolution and the configuration of defects
has not been discussed, because those techniques
were insensitive to the defects existing at grain
boundaries.

For solving this difficulty, we have developed
an acoustic method’. It succeeded to detect the
volume-fraction change of defects after the
deposition, and recovery of elastic stiffness by 10 %
was observed’. However, structural change in a
very early stage is still unknown, because the
method was insensitive to ultrathin films (less than
ten nanometer thick). In the early stage, drastic
structural evaluation has been observed’, and it
should contribute the final configuration of the
defects. In this study, a method developed for
observing the structural change in the early stage is
shown. Then, experimental results on Pt films are
discussed.

2. Experimental Procedure

The method is
resonant-ultrasound

based on  the
spectroscopy (RUS)*.
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Resonance frequencies of a substrate on which a
thin film is deposited depend on the dimension,
mass density, and elastic stiffness of the substrate
and film'>. During deposition at a constant
deposition rate, the resonance frequencies should
change monotonically. However, if drastic
structural change happens and elastic stiffness is
consequently changed, the resonance frequencies
change anomalously. Therefore, by monitoring the
evolution of the resonance frequencies during
deposition, structural change is detected. In
previous study, we used a silicon substrate (100 pm
thick) and a tripod-piezoelectric transducer’. Using
smaller substrate enables us to detect smaller
change in the structure. However, the
tripod-piezoelectric transducer could not detect the
structural evolution in ultrathin films. In this study,
we solve this by using a quartz crystal (1.7 mm X
2.5 mm x 9 pum) as a substrate and applying
oscillating electric field to it. We set them in RF

magnetron sputtering chamber (Fig.1), and
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Fig. 1 Schematic of RF Magnetron sputtering chamber
and measurement system.
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Fig. 2 Schematic image of the sensor. Noncontact
antennas transmit and detect the vibration.

measured a resonance frequency during and after
deposition.

Fig.2 shows the schematic image of the
acoustic sensor. Quartz substrate is vibrated by
electric field which antenna excites. The antenna
consists of three straight copper wires, two for
generation and detection of the mechanical free
vibrations and the other for the grounding wire. The
copper wires are embedded in the top face of the
sensor cell made of Teflon. By applying the tone
bursts around resonance frequency to the generation
wire, the electric field occurs in-plane parallel to the
surface. This filed generates plane waves
propagating in the thickness direction in a substrate
through the converse piezoelectric effect. After the
excitation, the detection wire detects a quartz
vibration by the piezoelectric effect. The received
signal is send to the superheterodyne spectroscopy,
and the Gaussian function fitting provides the
resonance frequency. Fig. 3 shows a typical
resonance spectrum of the quartz substrate by this
method. Because there’s no need to directly attach
substrate on antenna, we can measure the frequency
without affecting deposition. Piezoelectric effect
arises only in a resonant condition, so we can
measure resonant frequency. Background pressure
in the sputtering chamber was less 2.0 x 10™* Pa. Ar
pressure was 0.4 Pa. Pt was deposited at room
temperature and deposition power was 10 W.
Sputtering rate was 8.2 nm/h.
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Fig. 3 Measured resonance spectrum of the quartz
substrate.
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Fig. 4 Change in the resonance frequency of a quartz
substrate before and during sputtering of Pt. At 0 s,
shutter was opened and deposition was started

3. Results and Discussion

Fig. 4 shows the change ratio of the
resonance frequency by the deposition of Pt. The
resonance frequency of the quartz substrate before
the deposition was 3.3707 MHz. The frequency
decreased after starting the deposition and started to
increase at 200 s. At that time, film thickness was
0.46 nm. Decrease of resonance frequency during
the deposition was an expected result because of
increase of mass by deposition'®. But increase of
the resonance frequency cannot be explained by the
change in the mass.

We consider that stiffening of the Pt film,
increase of the stiffness, is the possible reason. In
metallic thin films, morphology change that isolated
islands coalesce to form continuous film occurs.
Then, the structural change could cause significant
increment of the stiffness. We consider that
observed frequency change reflects the coalescing.
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