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Thesis Summary

Quantum computers are highly attractive because of their ability to solve several important problems
faster. Increasing the number of quantum bits (qubits) is necessary to realize a fault-tolerant quantum
computer. In many cases, qubits are placed in a dilution refrigerator. Cryo-CMOS, which operates
integrated circuits to control and read out the state of the qubits at a few-Kelvin stage in the refrigerator,
is considered promising for reducing heat inflow from room temperature via cables. Consequently,
understanding MOSFET operation at cryogenic temperatures is essential. Recent studies have
revealed that band-edge states, located near the band edge, significantly affect cryogenic
characteristics. Although the origin of these band-edge states remains under discussion, their impact
on current-voltage characteristics has been clarified. On the other hand, reliability at cryogenic
temperatures has not been sufficiently explored. This is especially important because the hot carrier
effect increases as temperature decreases, posing a critical issue for cryo-CMOS circuits. In this study,
| experimentally investigated the mechanism of hot carrier degradation at cryogenic temperatures and
proposed countermeasures.

This thesis consists of six chapters. Chapter 1 introduces the background and scope of this study.
Chapter 2 explains the experimental methods. Chapter 3 discusses hot carrier degradation at
cryogenic temperatures and suggests that this degradation originates from the generation of band-
edge states. Chapter 4 examines the effect of deuterium annealing at cryogenic temperatures and
demonstrates experimentally that it reduces hot carrier degradation. Furthermore, the generation of
band-edge states is shown to be related to the formation of dangling bond defects. Chapter 5 discusses
the effect of high-pressure hydrogen annealing on band-edge states. Quantitative analysis using
models shows that high-pressure hydrogen annealing reduces the density of band-edge states. The
results from Chapters 3 to 5 experimentally demonstrate that band-edge states depend on the quality
of the Si/oxide interface and are closely related to dangling bond defects. Finally, Chapter 6 provides

a summary and prospects.
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