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Micron-scale single-crystal nanowires of metallic TaSe3, a material that forms -Ta-Se3-Ta-Se3- 

stacks separated from one another by a tubular van der Waals (vdW) gap, have been 

synthesized using chemical vapor deposition (CVD) on a SiO2/Si substrate[1], in a process 

compatible with semiconductor industry requirements (Fig. 1). Their electrical resistivity was 

found unaffected by downscaling from the bulk to as little as 7 nm in nanowire width and 

height, in striking contrast to the resistivity of copper for the same dimensions (Fig. 2). While 

the bulk resistivity of TaSe3 is substantially higher than that of bulk copper, at the nanometer 

scale the TaSe3 wires become competitive to similar-sized copper ones. Moreover, we find 

that the vdW TaSe3 nanowires sustain current densities in excess of 108 A/cm2 , an order of 

magnitude more than copper, and feature an electromigration energy barrier twice that of 

copper. The results highlight the promise of quasi-one-dimensional transition metal 

trichalcogenides for electronic interconnect applications and the potential of van der Waals 

materials for downscaled electronics.  

  

Recent work has extended the preparation strategies to ZrTe3 and related materials. 

Patterning of the substrate prior to CVD growth can encode the location and alignment of 

the CVD-grown nanowires resulting in a network of connections on the substrate.  
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Figure 1: a) Crystallographic structure of TaSe3 

b) schematic representation of the chemical 

vapor deposition process inside a tube furnace; 

c) optical image of a population of TaSe 

nanowires.   

 

 
 
Figure 2: Thanks to shielding by the vdW gap, 

the electrical resistivity of CVD TaSe3 nanowires 

is not affected by scattering at their surface 

thus remaining unchanged even in the single-

digit nanometer regime. The covalent bonds 

within each stack prevent electromigration 

resulting in a barrier 2× that of copper and a 

breakdown current density 10× that of copper.  

 

  


