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DMI (Dzyaloshinskii-Moriya Interaction) 

Most general expression for two sites exchange 
energy

Antisymmetric exchange interaction (DMI)

Dzyaloshinskii (1958): purely symmetry
Moriya (1960) : microscopic mechanism
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What’s the role of DMI?

EC (exchange coupling) prefers aligned spins
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DMI prefers perpendicular spin configurations
They compete each other, spiral spin configuration!

Domain walls (DW) with different chirality have 
different energies due to the DMI

Walker breakdown is suppressed
Formation of Skyrmion (small, stable, and easy to 
move)



Inversion Symmetry Breaking
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Dzyaloshinskii-Moriya Interaction
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Skyrmion for future memory/logic devices

Skyrmion is 
topologically stable
and small object
Easily moving with 
small field or current
Broad ground state 
energy of skyrmions
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Skyrmion-ics
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Topologically protected Skyrmion

Topologically same objects, easily deformed
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Topologically different objects



Topologically Protected 1D Skyrmion
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https://en.wikipedia.org/wiki/Magnetic_skyrmion

Topologically
Protected!!



DW motion & Walker Breakdown

After Walker breakdown, 
DW precesses & energy loss
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DMI acts as effective field in DW

Eq. of motion of DW [S. Emori, Nat. Mat. 12, 611 (2013)]

DMI prefers Neel wall
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DW motion with DMI
DMI plays crucial 
role in the DW 
dynamics
DMI prefers Neel 
type DW
Walker breakdown 
is suppressed
High DW velocity

A. Thiaville et al. EPL 100, 57002 (2012)
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How to measure DMI ?
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Gong Chen et al. PRL (2013)
Gong Chen et al. Nat. Commun. (2013)

R. Lavrijsen et al., PRB (2015)
A. Hrabec et al., PRB (2014)

S. Je et al., PRB (2013)

Imaging magnetic configuration

Asymmetric magnetic DWM

Asymmetric SW’s dispersion relation

J. Cho et al., Nat. Commun (2015)
M. Belmeguenai et al., PRB (2015) 

K Di et al., PRL (2015)
H.T. Nembachet al., Nat. Phys. (2015)

J. M. Lee et al., Nano Lett. (2015)
H. S. Körner et al., PRB (2015)...



Measurement methods of DMI

BLS (Brillouin Light Scattering): 
Inha U.(DGIST) + TU/e, Singapore NU, NIST, etc.
SPEELS (Spin polarized electron energy loss 
spectroscopy): J. Kirschner, Max-Planck
FMR with antenna: Osaka, KIST
DW motion: Seoul Nat. Univ., TU/e, Univ. of Leeds
New method: DGIST+ Inha + TU/e + Mainz

Relatively simple, less sample limitation, quick & dirty 
method
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Non-Reciprocal Spin Wave dispersion with DMI

DMI add extra 
linear term in 
SW dispersion 
relations
Shift of SWD 
Different SW 
velocity for ±k

J. H. Moon et al. PRB 88, 184404 (2013).
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Theory for spin waves with iDM interaction
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BLS schematic and spectrum
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Strong 
Point of 
BLS!!!
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Result of SW Dispersion relations
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iDM energy density of Pt/Co/AlOx
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Cho, CY, et al. Nat. Comm. 6, 7635 (2015)



SPEELS (Spin polarized electron 
energy loss spectroscopy)

q~ 1 nm-1

Zero-magnetic field
High quality samples
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R. Lavrijsen et al., PRB (2015)
A. Hrabec et al., PRB (2014)

S. Je et al., PRB (2013)



Non-reciprocity of Spin Waves

Propagating SW velocity for left ≠ right due to 
DMI in real space
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J. M. Lee, Nano Lett. 16, 62 (2016).



FMR with antenna
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Complicate pattern, rather poor signal for thin FM
Better frequency resolution
Osaka, Korea Univ., KIST, etc.

D. S. Kim, JKPS (2015)



Asymmetric Hysteresis for Probing 
Dzyaloshinskii−Moriya Interaction

D. Han, CY et al. Nano Lett. 16, 4438 (2016).



Asymmetric Nucleation due to DMI
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Dzyaloshinskii-Moriya Interaction
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Chirality-induced asymmetric switching
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Lower energy barrier
Higher energy barrier

n

n

Interfacial DMI + Boundary: Chiral tilting
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ξ

∂
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∂
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Boundary condition
at side edges

Phys. Rev. B 89, 224408 (2014).
Phys. Rev. B 88, 184422 (2013).

where 2 A Dξ =



Edge dominant reversal in M-H loop
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Mz-dependent switching

Symmetric Hysteresis Loop

Up-Down

Down-Up



Breaking the Lateral Symmetry !!
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Up-Down

𝐇𝐇 · 𝐦𝐦 = 𝐻𝐻x𝑚𝑚sin(𝜸𝜸)

Down-Up

𝜸𝜸

𝐇𝐇 · 𝐦𝐦 = 𝐻𝐻x𝑚𝑚

Up-Down

Down-Up

H

M

HRHL

Asymmetric Hysteresis Loop

HR-HL~Hx[𝟏𝟏 − 𝐬𝐬𝐬𝐬𝐬𝐬 𝜸𝜸 ]



Measurement principle : asymmetric hysteresis
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Inverted sign ?



MOKE Images Pt/Co/Ir
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Easy Determination of DMI Sign
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Asymmetric Hysteresis Loops
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Edge Angle Dependence
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Object asymmetry 
~ Hx(1-sinγ)
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Droplet Model
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DW energy : DMI + in-plane field
σ=f(D,Hx,γ)

A droplet model

S Pizzini et al., PRL (2014)
J. Vogel et al., Comptes Rendus Physique (2006)
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Droplet Model + Angle-Resolved Data
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BLS measurements
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Comparison with BLS

With the nominally same samples
Most serious error came from DW width (energy)

41

Quantification of DMI? : droplet model +angle-resolved dataAsymmetric hysteresis
Ta/Pt/Co/Ir       :     1.69±0.03 mJ/m2

Ta/AlOx/Co/Pt :     -1.43±0.06 mJ/m2

Ta/Pt/Co/Ir       :     1.34±0.12 mJ/m2

Ta/AlOx/Co/Pt :     -1.00±0.05 mJ/m2

BLS measurement



Conclusions

Asymmetric Hysteresis Loop 
measurement

Relatively easy, simple, & quick
In principle, it is applicable to any kind 
of MH-loop (static, AHE, MR, VSM, …)
Qualitatively and/or Quantitatively
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Thank You
c y y o u @ d g i s t . a c . k r  
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