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Topological insulators – Dirac electron state on surface/interface- 

Control of mangetism  
by polarization current Huge fictitious magnetic field 

 acting on moving electrons 

Zero H High T 

Toward dissipation-less electronics and materials 

Nondissipative edge conduction 
Qunatum Hall effect 



What is magnetic skyrmion? 

Topologically-stable spin vortex 
with particle-like nature 

5 ~ 100 nm 

“skyrmion number” 

S=-1 S=0 

a pair of  
Bloch lines 

Lateral component of 
 M of some bubbles 



Skyrmion 
Mapping to a sphere 
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Skyrmion carries emergent magnetic field. 



CW CCW 

Chiral lattice structure 

Helical spin order in B20-type crystals 

Crystal structure 

Magnetic structure 
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・ Cubic (P213) 
・ Noncentrosymmetric 

● : Transition-metal element 
● : Group 14 element 

( )∑ ×⋅+⋅−= )( jiijji SSDSSJH


Ferro  DM 
 Dzyaloshinsky-Moriya 

+ 

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



Helical spin order in B20-type crystals 

Crystal structure 
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・ Cubic (P213) 
・ Noncentrosymmetric 

● : Transition-metal element 
● : Group 14 element 

S. Mühlbauer et. al., 
Science 323 915 (2009) 

MnSi 



M. Uchida, Y. Onose, Y. Matsui, Y. Tokura, 
Science (2006) 

Toward real space observation of Skyrmion 
structure 

Fe0.5Co0.5Si 
electrons 

Lorentz microscope 
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Ferro  DM + 

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



Real Space Observation of Skyrmion crystal   

H=0 

H=50mT 

X.Z. Yu, Y.T et al. Nature (2010).  

T=25K 

Fe0.5Co0.5Si 



SkX phase 

H- T  Phase diagram  Bulk sample  

20nm-thick film (Lorentz TEM) 

2D simulation 
Skx: Skyrmion Crystal 



FeGe: from helical to skyrmion crystal at 260K 

H=0  H=0.1T  
X.Z. Yu et al. Nat. Mater.(2010) 



Domain wall motion  
by spin transfer torque 

Racetrack memory 

Domain wall 
Conduction  
electron 

Localized  
moment 

V 

Current drive of skyrmions and emergent EM field 

-counteraction of  THE 
→ skyrmion Hall effect 

Emergent electric field e 
 
 
 

Topological Hall effect (THE) 
Emergent magnetic field b 



no intrinsic / minimal extrinsic pinning effect on SkX 

Jc<100A/cm2 Jc~107A/cm2  for ordinary domain walls 
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Zoology of skyrmions 
Generators of magnetic skyrmions 

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

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

(c) Frustrated exchange interactions 

(d) 4-spin exchange interactions + DM 

S. Hinze et al., Nature Physics 7, 713 :(2011). Fe monolayer on Ir (111) 

Generalization of Garel-Doniach model 

X.Z. Yu et al. PNAS, 109, 8856 (2012). 

T.Ohkubo et al. PRL 108, 017206 (2012). 

helicity degree of freedom 

helicity degree of freedom Multiple-q state with q=<111>/<100>  
SrFeO3 (Ishiwata et al.) 

B20 copounds 
Cu2OSeO3 

chiral-lattice magnets 
interface 
ferromag. 

Bloch type Neel type 

M-type ferrite, (LaSr)3Mn2O7, etc. 



Dipolar interaction also generates skrymions with variable helicities 

Yu et al. PNAS (2012) 

BaFe12-x-0.05ScxMg0.05O19 

Room temperature 
experiment simulation 

M-type ferrite 
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Biskyrmions in layered manganites 

In centrosymmetric CMR manganite 

A bound state of two skyrmions 
with opposite helicities 

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



Magnetic phase diagram in B20 compounds 18 

: “conventional”  
  helical/skyrmion phase 

: “new” skyrmion phase 
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Topological Hall effect in MnGe 

H > HC 

Induced ferromagnetic state 
→“Conventional” anomalous Hall effect 

Solid lines： estimate of 
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Real-space fictitous magnetic field in a skyrmion spin texture 

One skyrmion One magnetic flux φ0 

In strong coupling case 

High skyrmion density ⇄ Large topological Hall Effect 

Solid angle Ω = 4π 

Emergent magnetic field 

A: skyrmion size 0 5 10 15
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MnGe topological Hall effect 

3D skyrmion X 

Beff~100-1000T ! 

one skyrmion/nm2 

Beff~4000T 

- 0.2 

ρT yx
 (µ

Ω
 c

m
) 0.1 

0 100 200

5

10

15

T (K)

µ 0
H

 (T
) ● magnetization

▲ magnetoresistivity

- 0.1 

0 



Possible ２D (meron) or 3D (hedgehog) Skyrmion Xtal at B=0 

Cf. B. Binz and A. Vishwanath, 
 Physica B 403, 1336 (2008). 

b-field magnetic  
monopole & antimonople ? 

div b ≠ 0 



Thiele eqation of Skyrmion 

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

Skyrmion, non-coplanar curved DW 
: Gyrocoupling vector 

: Dissipation tensor 

Skyrmion (texsture) drift velocity spin current external force 
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Ratchet motion of skyrmion microcrystals 

MnSi at 8K 

MnSi at 8K 
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Thermally-driven Fynman’s ratchet  

http://ja.m.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Feynman's_ratchet.jpg


Stabilization Skrymions and Skyrmion Xtal in 
form of thin films 

   Topological Hall effect as probe/detection for SkX 

~ toward Skyrmionics ~ 

・ low-current drive of Skyrmions (<100A/cm2)   
・ optical (inverse Faraday) control, E-drive (multiferroics) 
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0 emergent EM fields 

   Skyrmion transport phenomena 

   Versatility of skyrmion forms (vorticity, helicty, molecule, monopole) 

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