A high temperature silicon qubit and simulation experiments
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We present experimental study of a qubit made by single impurity spin in a silicon transistor. Two simulation experiments are demonstrated by the qubit.

Our spin-qubit device is based on a short-channel tunnel field-effect transistor (TFET) [1]. Deep impurities are intensively ion-implanted to the channel of the TFET. For a device with a relatively short channel length (80 nm), under a source voltage VS and a gate voltage VG, the source-to-drain transport is dominated by tunneling through two impurities, i.e., one deep impurity and a shallow impurity located near the deep impurity. This double-dot-like transport exhibits spin-blockade phenomena and enables the time-ensemble measure of an electron spin of one of the impurities up to a high temperature T = 10 K. Under appropriate dc and ac magnetic fields, the source-drain current increases due to the lifting of the spin blockade by the electron spin resonance (ESR) of one of the impurities. We found that the g-factor of one of the impurities, i.e., the spin qubit energy in a magnetic field, can be tuned by VG due to the Stark effect. The fast VG-modulation of the qubit energy enables the following simulation experiments.
We study quantum interference effects of a qubit whose energy levels are continuously modulated [2]. The qubit energy levels are modulated via VG, with either rectangular, sinusoidal, or ramp radio frequency waves. The energy-modulated qubit is probed by the ESR. Various interference patterns of ESR peaks are observed and analyzed with a theory based on Landau-Zener-Stückelberg-Majorana (LZSM) interference.
A qubit with periodically modulated energy splitting could provide a minimal universal quantum heat machine [3]. Instead of using a real heat bath we use a frequency-modulated microwaves that cause transition between the energy-modulated qubit. In the incoherent regime (the modulations slower than the coherence time), the system can behave analogously to either an Otto heat engine or a refrigerator. The coherent regime (the modulations faster than the coherence time) could be described as a superposition of those two regimes, producing specific interference fringes in the ESR.
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