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p x n Transverse thermoelectrics: A new class of materials with possible optoelectronic applications
Matthew Grayson
Northwestern University, USA

This work introduces a new class of transverse thermoelectric that may have promising optoelectronic device applications due 
to its scalability, geometric flexibility, and ability to operate at cryogenic temperatures.  The so-called p × n-type transverse 

thermoelectric (“p-cross-n”) with p-type Seebeck in one direction and n-typeorthogonal is a narrow gap semiconductor with 
both electrons and holes carrying comparable magnitudes of orthogonally directed heat currents. Off-diagonal terms in the 
Seebeck tensor drive the net heat flow transverse to the net electrical current. Whereas thermoelectric performance is normally 
limited by the figure of merit ZT, these p × n type materials can be more easily geometrically shaped and integrated for device 
applications, leading to simpler, more compact, and efficient thermal elements for infrared detector cooling or photovoltaic 
waste heat generators.  Unconventional geometries for possible detector pixel cooling, and solar cell waste heat recovery are 
described.
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