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This study aims to explore the physical limits of the performance of
small-scale solid-state quantum nano-device circuits by utilizing recent achievements in stochastic
thermodynamics, such as thermodynamic uncertainty relations, speed limits, and fluctuation
relations. The goal is to identify circuits and protocols that reduce heat production, computation
time, and error rates. The following results were obtained: 1) For Brownian computers, it was shown
that calculations can be performed without heat generation, requiring only the thermodynamic cost of

resetting. An upper bound on the signal-to-noise ratio of the fluctuating computation time was
derived based on the thermodynamic uncertainty relations. 2) An upper bound on errors, expressed
using the Fisher information metric, was obtained for classical annealing comﬁutation. 3) The
thermodynamic cost of the switching for the CMOS NAND gate was derived through the stochastic
thermodynamics of computation and the fluctuation theorem.
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