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Abstract
We show that the focused ion beam (FIB) technique is well suited to prepare single-crystal samples
with defined dimensions and shape and excellent surface qualities for use in high-pressure experiments carried out in the diamond-anvil cell. The method allows for cutting and polishing delicate
samples, including tiny, brittle, or metastable phases and thereby extends the range of materials that
can be routinely probed at extreme pressures and temperatures. In addition, the technique is capable
of producing electron-transparent foils from the same sample material that can be characterized on
the nanometer scale by transmission electron microscopy (TEM). The application of the method to
the preparation of various geomaterials is discussed with a focus on the preparation of double-side
polished, transparent sample platelets for the use in Brillouin scattering experiments at extreme
conditions. Using one of our FIB-prepared samples, we were able to perform direct experimental
measurements of acoustic wave velocities of antigorite along crystallographic directions, which were
previously inaccessible to direct Brillouin scattering measurements. At 0.6 GPa, we measure a 39%
anisotropy of compressional wave velocities.
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Introduction
High-pressure experiments in the diamond-anvil cell (DAC)
give important insights into the properties of materials at extreme
pressure and temperature conditions. The available space in the
pressure chamber of a DAC is very limited, particularly at very
high pressures. It is, therefore, often challenging to mechanically prepare single-crystal samples with suitable dimensions
for experiments in the DAC. In addition, several experimental
techniques, including Brillouin scattering, require well-polished
sample surfaces (e.g., Bass 2007). Mechanical polishing is restricted to materials of sufficient size and mechanical stability.
This complicates the preparation of several materials with significant geophysical relevance, including both natural samples, e.g.,
serpentine minerals that show a strong cleavage (e.g., Bezacier
et al. 2010) and candidate Earth materials that are synthesized
with very small size at high-pressure/high-temperature conditions
[such as (Mg,Fe)O ferropericlase, MgSiO3-perovskite].
Sample preparation using a focused beam of ions has become
a standard procedure for the preparation of electron transparent
foils to be used in transmission electron microscopy (TEM)
(Overwijk et al. 1993; Phaneuf 1999; Lee et al. 2003; Wirth
2004). Consequently, FIB facilities can be found in many research laboratories around the globe. The possibility of using
the focused ion beam (FIB) technique to prepare samples for
the use in infrared spectroscopy has been briefly mentioned in
Wirth (2009). In this contribution, we discuss the use of FIB
devices to prepare single-crystal samples with dimensions of
few tens of micrometers and precisely defined shapes that can
be probed by several techniques at extreme pressure and temperature conditions. The procedure presented in this study does
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not expose the samples to intense mechanical actions and thus
allows for preparing materials that are brittle, metastable, or
show a strong cleavage. In addition, it allows for cutting more
than one sample from a single piece of material, for instance
platelets with different orientations from one single crystal. Also,
an electron transparent foil can be produced simultaneously. This
allows for a detailed TEM-characterization—including chemical
composition, crystallographic orientation, defect structure, and
secondary phases—of the same sample material, i.e., the same
single crystal that is later used in the high-pressure experiment.
We demonstrate the capabilities of this approach using several
different materials and focus on the use of the prepared samples
for Brillouin spectroscopy, a major technique for the determination of elastic properties of single crystals at high pressures
(e.g., Sinogeikin and Bass 2000; Bass 2007; Marquardt et al.
2009a). Brillouin scattering measurements in the DAC are usually carried out in transmission platelet geometry (Whitfield
et al. 1976), which requires well-polished platelet samples
with parallel faces. Because of its particularly high demands
on sample quality, this technique serves as a good test for our
sample preparation method.

The FIB preparation technique
A comprehensive introduction to the FIB sample preparation
of thin lamellae for the use in TEM analysis is above the goals
of this study and complete reviews of the technique are given
elsewhere (e.g., Nastasi et al. 1996; Orloff et al. 2003; Giannuzzi
and Stevie 2005; Wirth 2009). Here, we will only highlight the
most important processes that are relevant for this contribution.
In a FIB machine, the target material is cut by accelerated
heavy ions (here Ga+) that sputter atoms from the target. The
ions are accelerated trough an electrical field (with up to 30

