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Outline

* What is the Magnetic Anisotropy?
* Mirror symmetry and magnetic anisotropy
* MA In SrRuO, quantum well state



What is Magnetic Anisotropy (MA)?
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Device of Spintronics by MA
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Device of Spintronics by MA
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i Tunable MA is important !



Ballistic magnetic anisotropy
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Review: Pseudovector (axial vector)

Vertical mirror symmetry work like
(a ) effective time reversal symmetry ( b)

LM
LIM



Breaking mirror symmetry by Magnetism

Spin can break some mirror plane
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Use the direction of mag. Break effective TR




Spin-orbital coupling vs. Zeeman Term

Zeeman H,= A1;S-B
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(Leading order term)



Breaking effective TR
Rashba (Spin up / down)
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Quantum Well State (QWS)
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Half metal: SrRuO, (SRO)
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Conclusion

 The SOC can been seem as a effective Zeeman term In
magnetic thin film with d,., + d,,, degenerate band

* We fond the SRO QWS have large MA, tunable by thickness
and gate voltage
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* Time Reversal symmetry
(kz Ky, kz) = (—kx —ky, —k;)

S, > —S,
* Mirror symmetry
(kz Ky, kz) = (—kx Ky, k)
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(a) SRO 6 layer w/0 SOC
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SrRuO; 6 M
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(a) SRO 6 u.c.
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Quantum Well State (QWS)

Energy of State at I

DOS 2 3 4 5
# of Layers



0o 50 100 150
Temperature (K)

FIG. 27 (color online). Temperature dependences of the in-plane,
out-of-plane, and total remanent magnetizations of a SrRuO; film.
The film was cooled in a saturating field down to 5 K and the
magnetization was measured upon warming after removing the
applied field. The temperature dependence of the angle between
the magnetic moment and the normal to the film plane is also
shown. From Klein, Dodge, Ahn, Reiner et al., 1996.
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