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Abstract of Thesis

Spintronics, or spin electronics, is an emerging field where electron spin has been exploited in addiction
to electronic charge in solid-state devices. Many studies have been performed for metallic alloys, insulators
and semiconductors to realize the spintronics. Spintronics devices such as GMR read heads in large capacity
hard disk drives (metallic spintronics), magnetic tunnel junctions (insulator spintronics) and so on, are
expected to be used widely. Although spintronics has been studied for many years, many problems are still
unresolved. In this study, based on the first principles calculation method, computational materials design
of new spintronics materials is demonstrated. From the materials design, I propose new high Curie temperature
(TC) ferromagnetic materials.

Firstly, I demonstrate that Fe nanowires can be formed within Cu matrix under layer by layer crystal growth
condition due to spinodal decomposition. Wider hysteresis loops are observed in the alloy with inhomogeneous
structure, up to 141 K. Thus, ferromagnetism of Fe-Cu alloy is proposed to be enhanced by this kind of structure.
My calculations show that Fe—Cu alloy could be a promising candidate to replace existing ferromagnetic metallic
alloys.

Second part of this work is to research for semiconductor spintronics materials. On the basis of the first
principles calculations, electron—induced n—-type ferromagnetic semiconductors are designed. By doping
interstitial Be as a double—donor, (In,Fe)As exhibits ferromagnetic behavior. Monte Carlo simulation reveals
that under suitable condition, ordered phase of Fe—rich regions can be obtained. When the exchange interactions
are strong enough, the ordered phase boosts the ferromagnetic behavior of the system and TC could be up to
85 K for only Fe 5% doped InAs. Li(Zn,Mn)X systems, where X is As, N or P, are also studied. In these materials,
double—doping is executed. By introducing Li into interstitial sites, one can expect not only large
ferromagnetic exchange interactions but also to increase the solubility of Mn in these compounds. My
calculations show that the systems could have TC of 100 K and more when Mn and interstitial Li are doped up
to 15% and 30%, respectively.

My materials designs show that phase separation plays an important role for realizing high TC ferromagnetic
materials. The systems might prefer spinodal decomposition (Fe—Cu alloy), ordered phase (Be—doped (In, Fe)As)
or high solubility (Li-doped Li (Zn, Mn)As, Li (Zn,Mn)N, Li(Zn,Mn)P) to enhance ferromagnetism. By controlling

phase separation, one can obtain new high TC spintronics materials.
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