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Amorphous phase-change materials (PCMs) (e.g. Ge-Sb-Te) belong to a family of functional
materials for novel electronic and photonic applications. PCMs can be rapidly and reversibly
switched between amorphous and crystalline phases. With large optical and electric property
contrast between the two phases, they can be used to encode data for non-volatile memory, photonic,
and neuromorphic computing devices. However, due to their disordered structures and poor glass
forming ability, the amorphous phases are not well characterized, and a better understanding of
structure-property relations is an urgency for the relevance of applications.

In this work, we demonstrate structure, thermodynamics, and relaxation behaviors of amorphous
PCMs over 14 orders magnitude in timescale and a thousand degree of temperature. In amorphous
solid, we show how thermal annealing and pressure may induce and diminish local distortions of
defective octahedral structures (Peierls-like distortion), which drastically alter materials properties
(e.g. stability, crystallization, compressibility, electronic density of states). Above the glass
transition temperature, materials enter a metastable supercooled liquid state, where thermodynamic
anomalies are uncovered and associated with dynamic crossovers and switching behaviors. We
show the evidence of a liquid-liquid transition in the metastable state with femtosecond diffractions
using X-ray free electron lasers (XFEL). At higher temperature above the melting point, the density
fluctuations of liquid state exhibit ultrafast structural relaxations. We demonstrate an experimental
strategy to directly observe atomic-scale relaxations using femtosecond X-ray photon correlation
spectroscopy by harnessing the coherent X-rays of XFEL. The fast atomistic dynamics is
underlying the low viscosity and high fragility behaviour of PCM liquids. We will also briefly
discuss the Boson peak in low-temperature heat capacity and development of new PCM alloys. A
better understanding of amorphous PCMs may lead to the tailoring of materials properties for novel
applications in photonic, and neuromorphic computing devices.
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