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Abstract (300 word limit) 

Statement of the Problem: Using the 2D atomic monolayer materials 

helps fulfill a growing demand in efficient, stable, and flexible energy 

sources that are not tied to electric outlets or gas stations. The 

distributed and long lasting equipment requires reliable power supply 

ensuring the stable functionality during months or years. Examples are 

the autonomous vehicles including electric cars, whose driving range is 

limited by the battery capacity, and relies on the top-up at the 

stationary electric outlets. Ensuring the flawless functionality of the 

mentioned systems represents an important issue. However, currently 

available batteries and PV panels frequently fail to ensure the 

required steady power supply to the critical pieces of equipment. 

We develop highly efficient thermoelectric generators (TEG) based on 

the heat flux transistors made of the 2D atomic monolayers like 

graphene, transition metal dichalcogenides and black phosphorus, 

which are characterized by the high figure of merit ZT ~ 10 that is far 

above the values reported for other known systems [1]. Our 

preliminary work involved carbon nanotube TEG with nanoscale 

dimensions [2-7]. Basic idea comprises the thermoelectric effect taking 

place in the TEG cell composed of two the 2DM heat flux transistors 

connected electrically in sequence and thermally in parallel. The small 

size and high efficiency allow using such the TEG devices in variety of 

applications requiring the autonomous electric power supply. 

Microscopic mechanisms of the thermal and electric transport in our 

heat flux transistors are governed by the local and global gates with 

applying appropriate electric potentials. 

Conclusion & Significance: This enables controlled conversion between the 

electric current and the heat flux. The TEG devices are destined to fulfill 

an emerging and strong demand for stable, long-lasting, compact, light-

weight and reliable sources of energy harvesters receiving the electricity 

from a variety of sources like sunlight, waste heat, etc.  
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