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Study on spin dynamics in shallow doped semiconductor by double magnetic
resonance technique at ultra-low temperatures and under high magnetic field
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We have studied on shallow phosphorus-doped silicon semiconductor (Si:P),
which is a promising candidate device of a magnetic resonance type quantum computer. We aimed to
perform electron spin resonance (ESR) and nuclear magnetic resonance (NMR) measurements at ultra low

temperature below 1 K and under high magnetic fields above 3 Tesla. These conditions are required
to achieve quantum computation. First, we have developed a system for measuring ESR and NMR in the
temperature range from room temperature to an ultra low temperature 0.1 K up to 4.6 Tesla, and a
special resonator which make us possible to perform ESR and NMR for the sample in the cavity
simultaneously. ESR measurements of Si:P have been carried out using this system and a polarization
of phosphorus nucleus spins of up to 50% (several hundred times over the thermal equilibrium) have
been observed. Further, we have studied in detail on spin dynamics of Si:P by international
collaboration.
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