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(1) Research ains at E-IMR

The mvitation to the E-IMR allowed me to extend and intensify my long term collaboration with Prof. Bauver on the spin energy
materials field. Magnetic insulators, especially yttrium iron garnet (YIG) are an attractive platform for spin energy research because of its
high magnetic and mechanical quality, which allows spin waves to travel undamped over long distances. Furthermore, magnetization
dynamics can be excited and detected electrically and thermally by metal contacts, which makes it a wonderful spin energy material. We
instigated a new research project on the first-principles theory of spin wave transport in magnetic insulators. The crucial parameter for
ferromagnet (F)[normal metal (N) interfaces is the spin mixing conductance that governs the absorption of a transverse spin current and
the spin transfer torque. However, the spin-mixing conductance is a purely nonrelativistic concept, while there is mounting evidence that
spin-orbit interactions at interfaces generate additional spin-flips and spin-orbit torques. We have solved this issue by introducing an
“effective” spin mixing conductance for weakly relativistic materials. First ab initio results on ferrite|metal interface indeed indicate an
enhancement that can be very significant for selected crystal orientations.

(2) An introduction into the research topic
Spin-dependent Seebeck and spin Seebeck transfer torques

The thermal control of spins or spin caloritronics has attracted nuich attention by its potential to revolutionize “green” electronics. For
example, in spin valves or magnetic tunnel junctions a temperature gradient generates spin currents that exert a magnetic torques that can
be used to switch a magnetic element. Massive particles, i.e. the electrons, as well as quasi particles, i.e. magnons, can carry a thermal
spin current that generates torques at the interfaces. We would like to compute both kind of torques for various materials from first
principles in order to validate their spin transfer power efficiency, switching speed, etc. To this end we consider structures as sketched in
the figure that can be accessed by scattering theoretical methods.

(3) Extracurricular activities

I contributed to the Tohoku Forum for Creativity on Spintronics: from Mathematics to Devices, e.g. by lecturing for the Elementary
Spintronics School, and an nvited talk at the International Workshop on Spin Energy Materials. 1 was also mvited to give a talk at
RIKEN on 2nd Dec.

Figure 4-1. Illustration of the MgO magnetic tunnel junction devices for the calculation of thermal spin torques.

Contact information
E-mail: kexia@bnu.edu.cn
Tel: +86-10-58801774, FAX : +86-10-58800141



Michal Bockowski % : X TR ¥—#H BF R EB(CTHREE (2016418 58 -20164E 3
A308)
N o {'- Education: 1989 MSc. Eng. Applied Physics and Mathematics, Warsaw Univ. of Technol.

1995 Ph.D. Chemistry of Solids, University Montpellier IT
2013 D.Sc. Physics, Inst. of Physics, Polish Academy of Science

S ;
W ™ | Experience: 2008: Vice President of TopGaN Ltd
. ) 2015
| . . .
‘M- 2015 Professor, Head of Crystal Growth Laboratory, Inst. of High Pressure Physics (UNIPRESS), Polish
: Academy of Sciences

2016  Visiting Professor, E-IMR, Tohoku University

Due to a high growth rate over 100punvh and a possibility to crystallize high-purity material, Hydride Vapor Phase Epitaxy (HVPE) is
the most common approach for manufacturing GaN substrates. This involves crystallization fiom the vapor phase at ambient pressure,
through the reaction of ammonia with gallium chloride. Deposition on a native foundation enables the growth of GaN of the same quality
as the seed used. However, the entire growing crystal’s surface (c-plane) decreases with increasing of the HVPE-GaN thickness. A.
Koukitu ' and H. Murakami [2! presented theoretical and experimental results of the HVPE-GaN growth on the opposite side of seed
crystals, (000-1) surface. Their main observation was that the entire growing crystal’s surface (—c-plane) increased with increasing of the
thickness, a very promising result which allows to increase the diameter of the growing GaN crystal. So one of the purposes of my stay
in E-IMR is to explore the feasibility of —c-oriented HVPE growth, taking advantage of the fabrication techniques for —c-plane GaN
template using Metalorganic Vapor Phase Epitaxy (MOVPE), which was already developed in this research division of optical energy
materials. Firstly, HVPE growth on (000-1) surfaces of the seeds will be performed, and an influence of growth temperature and
reagents’ flow on obtaining a macroscopically stable and continuous layer of HVPE-GaN on appropriately misoriented (000-1) seed’s
surface will be studied. The impact of the seed template’s misorientation on the morphology of the growing crystal’s surface will be
determined and examined in detail.

Along with the above bulk homoepitaxial growth of GaN, heteroepitaxial growth on a variety of foreign substrates, such as silicon, is
to be explored. As for the device application, our —c-oriented growth technology is expected to be promising for a high-efficiency —c-
plane InGaN-quantum-well-based solar cells in combination with narrow-gap bottom cells, due to the preferable direction for the
photogenerated carrier extraction in case of this crystallographic orientation. So the integration with Si-based solar cells, offered by Prof.
K. Fujiwara in E-IMR, will be tried to find the way to push the nitride semiconductors toward the energy saving materials.

[17 A. Koukitu, IWBNS-8, Sept. 30th-Oct. 5th, 2013, Munich, Germany.
[2] H. Murakami, JSAP-MRS Joint Symposia 17p-M6- 1, Sept. 16—19th, 2013, Kyoto, Japan.

Figure 5-1. HVPE-GaN layer deposited on ammonothermally grown GaN seed crystals (M.Bockowski et al., Jpn. J. Appl. Phys. 53, 05SFA04-1 (2014))
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