|

) <

The University of Osaka
Institutional Knowledge Archive

Voltage-controlled interfacial magnetism in
Title Fe/Mg0-based structure: interface engineering
approach

Author(s) |Suwardy, Joko

Citation | KPrKZE, 2019, {Et:m

Version Type|VoR

URL https://doi.org/10.18910/73592

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name (Joko Suwardy)

Voltage—controlled interfacial magnetism in Fe/MgO-based structure: interface engineering

Title approach (Fe/MgORI&EZ 51T D S M D BERIE - S T¥r 7 7 m—F)

Abstract of Thesis

Spintronics research has been triggered due to the rich physics beneath it and the tremendous novel
applications. One of the most promising applications of spintronic devices is magnetoresistive-random access
memory (MRAM) because it promises to be universal memory owing to non-volatility, high-endurance and
fast operation speed. However, the manipulation of spin in MRAM is still dominated by an electric-current
application, which possesses a Joule heating that too large to be ignored. To achieve a greater impact, energy
consumption in MRAM have to be reduced and thus novel scenario of magnetization switching in MRAM is
necessary. One of the candidates is voltage-driven switching based on voltage-controlled magnetic anisotropy
(VCMA) effect. However, some challenges remain for voltage-driven switching MRAM, such as thermal
stability and deterministic switching. These two obstacles can be solved by large VCMA effect, so-called
VCMA coefficient, and large voltage-controlled interfacial Dzyaloshinskii-Moriya interaction (VCDMI).
Therefore, the research for material which possesses a large coefficient of the both effects are necessary.

I focused on material research for large VCMA, as well as VCDMI. These two effects are interfacial
phenomena and therefore, the manipulation of material and interface is the key. In this study, several materials,
3d-metal (Fe, Co, Ni), 4d-metals (Pd) and 5d-metal (Ir), are utilized to manipulate the interface of Fe/MgO.
The characterization was conducted by using propagating spin-wave spectroscopy. The modulation of
resonance frequency of the spin-wave due to voltage application is analyzed and the changes in interfacial
perpendicular magnetic anisotropy (i-PMA) and i-DMI are estimated. I demonstrated the enhancement of
VCMA and VCDMI via interface manipulation.

Chapter 2 describes the theoretical method and experimental method. The “theoretical method” explains
the magnetization dynamics and dispersion relation of magnetostatic surface spin wave from which the VCMA
and VCDMI are estimated. The “experimental method” session explains the procedure of sample fabrication
and spin-wave spectroscopy measurement through antenna method.

Chapter 3 presents the result and discussion on VCMA and VCDMI. Different materials insertion enhances
VCMA in different ways. For Pd, insertion to the top layer are effective to enhance VCMA and the
ferromagnetic layer underneath it, through ferromagnetic proximity effect, determines the magnitude. For Ir,
the most effective structural to enhance VCMA is when the Ir atoms are located in the second layer from MgO.
Furthermore, I demonstrate that the increase in Ni concentration in CoNi-alloy decreases VCMA. We found
that pure-Co as the 3d ferromagnetic layer has the maximum VCMA. The VCDMI is demonstrated to be
simultaneously tuned and having a magnitude in the same order with VCMA. These results are important for
voltage-driven MRAM development.
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