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Abstract
Francis Crick famously remarked “If you want to understand function, study structure”. The properties and functions of all materials result from their atomic arrangements. Here I will discuss new ways to design the nanostructure of chalcogenide materials to achieve bespoke functional properties. The characteristics of chalcogenide materials are often optimized by inefficient Edison-style methodologies, where useful properties are occasional serendipitous discoveries rather than designed to specification. In contrast, I will discuss a generalizable approach to optimize the design of materials for application in data storage, photonics, and electronics. In particular I will demonstrate methods that are based on strain engineering and evolutionary approaches to design chalcogenide superlattices. I will show how these methods have allowed us to introduce atomic switching into van der Waals heterostructure superlattices that are composed of two different two- dimensional chalcogenide crystals. I will demonstrate that when ‘designed’ phase change materials are incorporated into prototype memory cells, the memory characteristics exhibit substantial improvements over unstructured alloys of the same composition. Finally, I will discuss the design of new active materials for a range of applications including displays, pollution sensors, and single photon sources.  
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