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Ge2ShoTes (GST) is a material that changes phase from amorphous to crystalline at 120-140 °C [1]. The
phase transition occurs rapidly and results in a large change in optical properties, which makes this
material well suited for optical disk memory applications [2]. In situ transmission electron microscopy
(TEM) is useful for gaining insight at the nanoscale into the mechanism responsible for the change in
microstructure and resulting properties of materials. The in situ ion irradiation transmission electron
microscope at Sandia National Laboratories is uniquely suited to observe irradiation induced phase change
in real time [3, 4].

In this work several thin films of GST with varying carbon content are prepared via magnetron sputtering.
Amorphous films 90 nm-thick are deposited on top of 40 nm-thick SiN windows for TEM analysis. They
are annealed in situ at a rate of 10 °C/min until crystallization then held at 200 °C (450 °C for 12% C

samples) for 5 minutes. Specimens are then irradiated in situ with a 2.8 MeV Au** beam with beam flux

1x10*-1x10'? jons/cmz-s and current density of 7x10® — 6x107" Alcm2. lons impact the film at a 30°
angle and changes in either the microstructure or diffraction pattern are observed simultaneously during
the irradiation. The electron beam is at a 200 keV accelerating voltage and diffraction patterns are
collected using parallel beam selected area electron diffraction. Displacements per atom (dpa) damage
thresholds are calculated with stopping range of ions in matter (SRIM) models where film density is
estimated using the rule of mixtures between GST (6.35 g/cm?) and graphite (2.65 g/cm?) [5]. As seen in
previous studies, we show a condensed electron beam results in crystallization producing small grains [6],
which is most apparent in low carbon specimens. All films crystallized into an FCC lattice with no notable
change in lattice parameter, and grain size decreased with increasing carbon content in the films. The films
are analyzed before and after vacuum anneal using energy dispersive x-ray spectroscopy (EDS) and no
change in relative concentration of the elements are observed. Increasing carbon content resulted in
increased crystallization temperatures, but reduced irradiation amorphization thresholds. This
phenomenon is contradictory to the trends seen in bulk scale experiments.

This work was performed, in part, at the Center for Integrated Nanotechnologies, an Office of Science
User Facility operated for the U.S. Department of Energy (DOE) Office of Science. Sandia National
Laboratories is a multimission laboratory managed and operated by National Technology & Engineering
Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International, Inc., for the U.S. DOE’s
National Nuclear Security Administration under contract DE-NA-0003525. The views expressed in the
article do not necessarily represent the views of the U.S. DOE or the United States Government.
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Figure 1. Representatlve mlcrostructures and diffraction patterns (inset) of GST-C films 0% C (a-c) 2%
C (d-f) as deposited (a, d), after anneal (b, e), and after irradiation (c, f).
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Figure 2. SRIM calculation of the damage profile from 2.8 MeV Au ions at a fluence of 9x1014 ions/cm?
through a Ge2Sbh2Te5 thin film showing uniform damage profile across the film at 30°
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