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Since the discovery of the two-dimensional topological insulating phase in mercury telluride quantum 

wells in 2007 [1], the number of topological materials that have been experimentally verified have steadily 

increased. About a quarter of all known materials are now predicted to be topological in nature [2], 

spanning from topological metals to topological superconductors, whose topological properties can enable 

a host of potentially transformative electronic applications.  In particular, topological nanowires are 

important for investigating Majorana bound states expected at the ends of topological superconducting 

nanowires for quantum computing [3] and for electron scattering mechanisms for low-resistance 

interconnect applications. 

For topological nanowires, the dimensions, morphology, and the crystallinity of the nanowires critically 

affect the transport properties of the nanowires.  For example, in topological crystalline insulator SnTe 

nanowires, we have shown that the ferroelectric phase transition temperature changes systematically with 

the diameter of the nanowire [4].  In addition, the microstructure of the domain boundaries between two 

ferroelectric domains in SnTe nanowires is believed to affect the nature of electron-electron interactions 

when superconductivity is induced in SnTe nanowires [5].  In the case of topological metal MoP 

nanowires [6], the resistivity of the nanowires is found to be diameter-dependent: surprisingly, the 

resistivity decreases with decreasing diameter of MoP nanowires.  As the electron transport of MoP is 

anisotropic [7], a detailed understanding of the microstructure of MoP nanowires is needed in order to 

realize a very-low resistance interconnect. 

Atomic-resolution structural characterizations of these topological nanowires by transmission electron 

microscopy (TEM) and in situ cryogenic TEM are thus critical to harness the full potential of the 

topological properties for electronic applications.  In this talk, I will highlight the structure-transport 

property relationships of the aforementioned SnTe and MoP nanowires and in situ cryo-TEM studies of 

the phase transition of SnTe nanowires.  Specifically, I will present the microstructural evolution of these 

nanowires as a function of diameter and their effects on the transport properties.  If time allows, I will also 

discuss phase transitions of two-dimensional topological materials, such as MoTe2 and WTe2. 
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