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A three-terminal quantum dot heat engine based on ideal resonant
tunneling

SU Hao, WANG JaWei, ZHAO QinYun & HE JZhou

Department of Physics, Nanchang University, Nanchang 330031, China

In this paper, the model of athree-terminal quantum dot heat engine consists of two quantum dots with a single energy level, a cavity
and two electron reservoirs is established. According to Landauer formula the expressions for the heat current, the output power and
the efficiency are derived analytically. The performance characteristic curves of the output power versus the efficiency are plotted by
numerical calculation. Moreover, the optimal performance parameters are determined. Then we optimize the output power and the
efficiency respectively, the influence of the width of energy level and the heat leak on performance of the three-terminal
thermoelectric heat engine is discussed. Lastly, the variation of the corresponding efficiency at the maximum power output with the
Carnot efficiency between two reservoirsis discussed and the corresponding efficiency is compared with Carnot efficiency and CA
efficiency. It is shown that this three-terminal heat engine isirreversible due to the existence of the width of energy level and the heat
leak. Thus the curve of the power output versus the efficiency is aloop-shaped one. And due to the heat leak, the characteristics of
the efficiency and the width of energy level is a non-monotone curve. The efficiency at the maximum power will be greater than the
CA efficiency when the heat leak and the width of energy level are not taken into account.

three-terminal quantum dot heat engine, electronic transport, ther moelectric devices, thermodynamic performance

doi: 10.1360/N092015-00219
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