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Abstract

Electron paramagnetic resonance (EPR) is one of standard methods for characterization of
impurities and defects in semiconductors. There are defects whose energy levels cross
(anti-cross) and/or form superposition states between electron- and nuclear-spins at
low-magnetic fields, e. g., <200 G. However, the standard EPR equipments employ high
magnetic fields of around 3 kG, because their signal intensity increases in proportional to the
square of the magnetic field. Consequently, an EPR equipment operating at such low fields is
not available.

The present work focuses on development of a low magnetic field electrically detected
magnetic resonance (LFEDMR) system whose intensity is independent of the field and
sensitivity is about 10° times higher than that of the standard EPR. Using this system, EPR of
electrons bound to phosphorus donors in silicon has been investigated at low fields (<200 G).

This thesis is composed of six chapters. Chapter 1 is introduction providing the background
and purpose. Chapter 2 explains fundamentals of magnetic resonance and principles of
electrical detection of the resonance. Chapter 3 explains the details of the LFEDMR system
developed in this study. Chapter 4 presents LFEDMR of phosphorus in silicon. Because the
hyperfine term dominates the phosphorus spin Hamiltonian at fields <200G, electron- and
nuclear-spin levels of phosphorus mix. Therefore, the number of experimentally observed
resonance peaks increased to five with respect to two that can be observed with the standard
EPR. The results of EDMR mapping recorded by continuous tuning of magnetic fields between
0 and 200 G and resonance frequencies between 0 and 1 GHz agree very well with theoretical
predictions for phosphorus in silicon. A theoretical model is constructed to confirm the origin
of the LFEDMR signal to be the spin-dependent recombination of phosphorus electrons via
deep-level defects situating at the Si/SiO, interface. Chapter 5 investigates the
inhomogeneously broadened linewidth of phosphorus LFEDMR using isotopically controlled
silicon. Despite the differences in the externally applied magnetic fields, the widths of
phosphorus LFEDMR and EPR are the same and are broadened predominantly by the hyperfine
interaction between phosphorus electron spins and background *Si nuclear spins. The
interaction between electron spins of phosphorus and recombination centers is strong enough for
the LFEDMR detection but weak enough not to affect the linewidths. Chapter 6 provides
conclusions and outlooks.

The present thesis study has developed successfully the LFEDMR system and demonstrated
its advantage towards a variety of magnetic property characterizations of impurities and defects
in semiconductors. The LFEDMR characterization has been employed to reveal the
superposition states between phosphorus electron- and nuclear spins. Such states, which
emerge only at low magnetic fields, are expected to play important roles as quantum bits in
future silicon-based quantum information processing.




	description_ja.pdf
	description

