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Topological spin textures - real & momentum space-
= Spin chirality
- Skyrmions

- Magnetic topological insulators
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Toward dissipation-less electronics and materials
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What Is magnetic skyrmion?

Topologically-stable spin vortex “skyrmion number”
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Skyrmion carries emergent magnetic field.




Helical spin order in B20-type crystals

Crystal structure

e : Transition-metal element
e . Group 14 element

. Cubic (P2,3)
- Noncentrosymmetric

Chiral lattice structure

Magnetic structure

Helical spin structure
Long period~aJ/D ~10nm-300nm

H=Y(-355,+D; (5 x5))

Ferro + DM
Dzyaloshinsky-Moriya



Helical spin order in B20-type crystals

Crystal structure
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Toward real space observation of Skyrmion
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Real Space Observation of Skyrmion crystal
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~ X.Z.Yu, Y.T et al. Nature (2010).



/- T Phase diagram
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Cunrent; drive of skyrmions and emergent EM field
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t=48s
0.41 mA

1=52s
0.50 mA

t=55s%
0.61 mA

B=150mT

J.<100A/cm? J.~107A/cm? for ordinary domain walls
no intrinsic / minimal extrinsic pinning effect on SkX

250

255 260 265
Temperature (K)

270




Zoology of skyrmions

Generators of magnetic skyrmions

(a) Relativistic Dzyaloshinskii—Moriya (DM) interaction
in non-centrosymmetric magnets

y=-n/2 y=mn/2

chiral-lattice magnets :
interface

/
B20 copounds
Cu208203 1 ‘ | \.T ferromag.

Bloch type

(b) Long-ranged magnetic dipolar interactions in magnetic
thin films with perpendicular easy axis anisotropy

M-type ferrite, (LaSr)sMn,Oy, etc. helicity degree of freedom
Generalization of Garel-Doniach model

(c) Frustrated exchange interactions X.Z. Yu et al. PNAS, 109, 8856 (2012)
Multiple-g state with q=<111>/<100> | =S/ e s siee i fiaeeiogn rirﬂ‘;‘\:vir’sﬁ ‘\:‘
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(d) 4-spin exchange interactions + DM
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Fe monolayer on Ir (111) S. Hinze et al., Nature Physics 7, 713 :(2011).



eraction also generates skrymions with variable helicities

Yu etal. PNAS (2012) Room temperature M-type ferrite

experiment - .
A B = 150 mT, RT B simulation

B=200mT

BaFe,; , 5055CMJg 05019




In centrosymmetric CMR manganite ;, jgs

A bound state of two skyrmions
with opposite helicities

can be driven also with low current!
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rrent induced transformation from screw to biskyrmion

T=20K.B=300mT, J (10’ A;m)
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\Viagnetic phase diagram in B20 compounds

Helicity reversal
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Topological Hall effect in MnGe
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Solid angle Q = 4x

In strong coupling case

One skyrmion <— | One magnetic flux ¢,

Emergent magnetic field Po = h/ €
Zﬂ-’ — —(zﬁo/A one skyrmion/nm?
A: skyrmion size ‘
Be~4000T

High skyrmion density 2 Large topological Hall Effect
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Possible 2D (meron) or 3D (hedgehog) Skyrmion Xtal at B=0

Square lattice
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Cf. B. Binz and A. Vishwanath,

Physica B 403, 1336 (2008).




Thiele egation of Skyrmion

C;GZ X (’U__q — ’Ud) + D(C}’Uq — Of"Ud) +F =0

= AN
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Skyrmion (texsture) drift velocity spin current external force

G = ] My - (Opymy X Oymy,.)dady = Gyrocoupling vector
Skyrmion, non-coplanar curved DW
D;; = / (O, - Oymy.)dedy Dissipation tensor

(a2) =250 (a3) =1000 (a4) t=2000

J. lwasaki, A.J. Beekman, and N. Nagaosa, PR B 89, 064412 (2014). 22



]
0 10 20 30
Irradiation density (A/cm?)

Rotation speed (rad/s)

23



Thermally-driven Fynman's ratchet
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~ toward Skyrmionics ~
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Skyrmion transport phenomena

low-current drive of Skyrmions (<100A/cm?)
optical (inverse Faraday) control, E-drive (multiferroics)

l/ersatility of skyrmion forms (vorticity, helicty, molecule, monopole)

How to create, amplyfy, and utilize Emergent ElectroMagnetic Field.
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