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Tokyo Institute of Technology research: Exploring defects in nanoscale devices for possible
guantum computing applications

Researchers at Tokyo Institute of Technology in collaboration with the University of Cambridge have studied the
interaction between microwave fields and electronic defect states inside the oxide layer of field-effect
transistors at cryogenic temperatures. It has been found that the physics of such defect states are consistent
with driven two-level systems possessing long coherence times, and that their induced dynamics can be
coherently and independently controlled. Due to the nature of this work, it is hoped that such results will
contribute to the field of correlated electronic glassy dynamics in condensed matter physics; give a better
understanding of charge noise effects in mesoscopic devices; and enable new studies for developing novel
technologies in the important field of semiconductor-based quantum information processing.

Defect states acting as electron traps in oxide-semiconductor interfaces usually are sources of noise and tend to
reduce the performance of nanoscale devices. Such defect states can modify the electrostatic environment
experienced by conducting electrons, forcing them to percolate through nanowire-like pathways at low enough
temperatures. This effectively allows a detection mechanism of the occupation of such trap sites by the current
measured in the conduction channel. Such effect is normally observed as random telegraph noise (RTN), which
corresponds to the incoherent emission and capture of electrons in the trap states, mediated by the thermal
background.

Motivated by the big changes in the conductivity caused by RTN in field-effect transistors (FET), scientists at the
Quantum Nanoelectronics Research Center, Institute of Innovative Research (Tokyo Tech), the Center for
Advanced Photonics and Electronics (University of Cambridge), and Cavendish Laboratory (University of
Cambridge) investigated possible mechanisms in which the occupation of defects states could be both observed
and dynamically mediated by means of coherent microwave fields. Working at cryogenic temperatures, it was
found that the dynamics of such trap states are consistent with two-level systems (TLS), in which the energy levels
are discrete and only the two lowest are accessible within the energy of the excitation signal. A TLS can represent
the basis for a quantum bit implementation.

From the microwave spectroscopic signature of the response of the FET used in this work, displaying a great
number of high-quality factor resonances (Q > 104), the extracted coherence times observed in this study are
considerably longer, by almost three orders of magnitude, than other defect-based implementations of TLS.
Performing single-pulse experiments gives the possibility to study the dynamics of the trapped electrons, which
have been found not to depend on the chemistry of the dielectric used. And using a standard Ramsey protocol,
coherent control was achieved. Furthermore, employing an optical master equation that captures the dynamics of
the trapped electrons and a physical model based on linear response theory, it was possible to reproduce the
experimental behavior observed in the experiments.



Furthermore, it was found that the defect states are relatively well protected against phonons, explaining the long
decoherence times measured, and that the main source of back-action could be related to long-range Coulombic
interactions with other charges. Finally, since each resonance can be addressed independently in frequency space,
the wide distribution of long coherence times observed, and the quasi-uniform density of states measured, it is
hoped that this work could motivate the possibility to use such systems as quantum memories or quantum bits in
future quantum information processing implementations.
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Figure. (a) Schematic representation of the FET device used in this work. (b) Schematic diagram of the interaction
between the trapped electron and the percolation pathways mediated by the MW field (top). Multilevel RTN



events recorded in the FET current measured at 80 K (bottom). (c) Wideband CW microwave spectroscopy of the
FET channel current performed at 4.2 K. Each narrow spike is a separate resonance that is resolved into a Fano or
Lorentzian shape at higher resolution (inset). (d) Density of states (red), amplitude change (blue) and coherence
times (inset) histograms.
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About Tokyo Institute of Technology

Tokyo Institute of Technology stands at the forefront of research and higher education as the
leading university for science and technology in Japan. Tokyo Tech researchers excel in a variety
of fields, such as material science, biology, computer science and physics. Founded in 1881,
Tokyo Tech has grown to host 10,000 undergraduate and graduate students who become
principled leaders of their fields and some of the most sought-after scientists and engineers at
top companies. Embodying the Japanese philosophy of “monotsukuri,” meaning technical



ingenuity and innovation, the Tokyo Tech community strives to make significant contributions
to society through high-impact research.
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