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Interlayer Exchange Coupling (IEC)

PRB, 39 (1989) 4828 
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AF-coupling with the Cu95Ir5 interlayer

Hs = 3.3
(kOe)

Interlayer Exchange Coupling (IEC)

Co (2) / Cu95Ir5 (0.75) / Co (2)

H. Masuda, TS et al., PRB 101, 224413 (2020).
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Cu-Ir alloy as a spin Hall material
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Antiferromagnetic coupling (AFC) is 
induced at the specific layer thickness.

Antiferromagnetically-coupled 
metallic superlattice

Symmetric IEC

EIEC = − JAF (M1 • M2)

Antisymmetric IEC

Inversion symmetry breaking in 
in-plane direction induces the 
antisymmetric IEC.

EAIEC = − DAIEC • (M1× M2)
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Antisymmetric interlayer exchange coupling (IEC)
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• Small μ0ΔHsw (0.7 mT ~ 1.7 mT)
• Mechanism of the antisymmetric 

IEC is still under debate and has 
not been understood well.

Problems

Systematic experiments are 
indispensable.D.-S. Han, et al., Nat. Mater. 18, 703-708 (2019).
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• Oblique sputtering

Anomalous Hall effect (AHE) 
under Hz + additional H (Hip) 
in Pt/Co/Pt/Ru/Pt/Co/Pt
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Antisymmetric interlayer exchange coupling (IEC)
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Purpose of this study

Elucidation of mechanism of the antisymmetric IEC 
using the double and single wedge-shaped Pt/Co/Ir/Co/Pt

Double wedged (DW-) sample

Co (0.6 nm ~ 1.6 nm)

Co (0.5 nm)
Pt (2 nm)

Pt (2 nm)

Ir (0 ~ 1.5 nm (1.0 nm))

Thin film preparation: Magnetron sputtering at RT
Substrate: SiOx, 
Buffer and cap layer: Ta (1 nm)

Ir-SW-sample: 
tCo: 0.8 nm
tIr: 0 ~ 1.5 nm

Co-SW-sample: 
tCo: 0.6 nm ~ 1.6 nm
tIr: 0.45 nm or 1.3 nm

Single-wedged 
(SW-) sample 

x

z

y

Film: 9 mm×9 mm
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AHE in Double-wedged Pt(2)/Co (tCo)/Ir (tIr)/Co (0.5)/Pt (2)

∇tCo ~ 1.0 nm / 9 mm
∇tIr ~ 1.5 nm / 9 mm 

Without in-plane field
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tIr dependence of μ0Hs

Periodic change of μ0Hs by 
the symmetric IEC was confirmed.
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x
Hip𝜙

Hz
y

Device: tIr ~ 0.27 nm, tCo ~ 0.80 nm

Unidirectional polar plot of |μ0Hsw|
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Numerical Calculation

Ms = 1.1×106 A/m, K = 5.7×105 J/m3

JAF = 1.5 mJ/m2, 
DAIEC = -0.03 JAF x

𝜙AS
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cos f

The large value of  μ0ΔHsw,max (~14.8 mT) was observed.
Previous studies: μ0ΔHsw,max = 0.7 mT ~ 1.7 mT

With in-plane field (|μ0Hip| = 50 mT)
∇tCo ~ 1.0 nm / 9 mm
∇tIr ~ 1.5 nm / 9 mm 
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tIr dependence of μ0ΔHsw,max The tIr dependence of μ0ΔHsw,max
was analogous to that of μ0Hs.

Correlation between
the antisymmetric IEC and 
the symmetric IEC

AHE in Double-wedged Pt(2)/Co (tCo)/Ir (tIr)/Co (0.5)/Pt (2)

At present, the 𝜙AS behavior is 
not understood clearly.
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Single-Wedged Sample (SWS) / Non-Wedged Samples(NWS)

ü Bottom-Co-SWS shows larger µ0DHsw,max compared with Ir-SWS.
ü µ0DHsw,max for NWS are small and hardly dependent on tIr.



Phenomenological Model
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Coupled Landau-Lifshitz-Gilbert (LLG) equations for 𝒎! (𝜇 = 1 and 2)

𝜕 ⁄𝒎! 𝜕 𝑡 = −𝛾𝒎!×𝒉! + 𝛼𝒎!× 𝜕 ⁄𝒎! 𝜕 𝑡
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Critical field for switching

𝑚"𝜔#
$ −

𝜔%
𝜔&

𝜔#' , 𝑚"𝜔#' +
𝜔%
𝜔&

𝜔#
$ = 𝜔( sin) 𝜃 , − cos) 𝜃 .

Solid line: Analytical result
Circles: Numerical result

𝜔#
$/𝛾 = 10 mT, 

K = 1 × 104 J/m3

µ0Ms = 1 T, 
t1 = 0.55 nm, 
t2 = 0.45 nm
JAF = 1.5, 7.5, and 15.0 mJ/m2

⁄𝜔#
$ 𝛾 = ⁄𝜔( 𝛾 𝑚"

⁄/ ) + 𝜔%/𝜔& ⁄/ )
7 ⁄) /



Perpendicular magnetization 
switching induced by Hip
Double-wedged sample:
t gradient: ∇tCo ~ 1.0 nm, ∇tIr ~ 1.0 nm per 9 mm, 
Device: tIr ~ 0.32 nm, tCo ~ 0.79 nm
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Artificial 3-D Chiral Magnetic Structure

2-D Chiral Magnetic Structure
Interface DMI

OOP-IP element Synthetic Néel skyrmions

Z. Luo et al., Science 363, 1435 (2019). 

Large Antisymmetric IEC

Way to manipulate 
the 3-D magnetic textures



• Large μ0ΔHsw,max in AHE loops was observed for the 
double-wedged Pt (2)/Co (tCo)/Ir (tIr)/Co (0.5)/Pt (2).

• The tIr dependence of μ0ΔHsw,max indicates the correlation 
between the antisymmetric IEC and the symmetric IEC.

• The bottom Co wedged layer plays an important role for 
the large antisymmetric IEC.

• Hip-induced perpendicular magnetization switching was 
demonstrated using the double-wedged sample.

Antisymmetric interlayer exchange coupling 
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Summary

H. Masuda, TS et al., PR Appl. 17, 054036 (2022).
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Experimental study on “creation and control of electron spin wave in a semiconductor 
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