
 

Interfacial Dzyaloshinskii-Moriya interaction, surface
anisotropy energy, and spin pumping at spin orbit coupled
Ir/Co interface
Citation for published version (APA):
Kim, N. H., Jung, J., Cho, J., Han, D. S., Yin, Y., Kim, J. S., Swagten, H. J. M., & You, C. Y. (2016). Interfacial
Dzyaloshinskii-Moriya interaction, surface anisotropy energy, and spin pumping at spin orbit coupled Ir/Co
interface. Applied Physics Letters, 108(14), 1-5. [142406]. https://doi.org/10.1063/1.4945685

DOI:
10.1063/1.4945685

Document status and date:
Published: 04/04/2016

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 23. May. 2023

https://doi.org/10.1063/1.4945685
https://doi.org/10.1063/1.4945685
https://research.tue.nl/en/publications/9dce021d-c4c3-4318-8847-0592f839ae75


Interfacial Dzyaloshinskii-Moriya interaction, surface anisotropy energy, and spin
pumping at spin orbit coupled Ir/Co interface
Nam-Hui Kim, Jinyong Jung, Jaehun Cho, Dong-Soo Han, Yuxiang Yin, June-Seo Kim, Henk J. M. Swagten, and
Chun-Yeol You 
 
Citation: Applied Physics Letters 108, 142406 (2016); doi: 10.1063/1.4945685 
View online: http://dx.doi.org/10.1063/1.4945685 
View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/108/14?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Improvement of the interfacial Dzyaloshinskii-Moriya interaction by introducing a Ta buffer layer 
Appl. Phys. Lett. 107, 142408 (2015); 10.1063/1.4932550 
 
Influence of interfacial Dzyaloshinskii-Moriya interaction on the parametric amplification of spin waves 
Appl. Phys. Lett. 107, 112402 (2015); 10.1063/1.4931089 
 
In-plane angular dependence of the spin-wave nonreciprocity of an ultrathin film with Dzyaloshinskii-Moriya
interaction 
Appl. Phys. Lett. 107, 022402 (2015); 10.1063/1.4926862 
 
Origin of anomalously high exchange field in antiferromagnetically coupled magnetic structures: Spin
reorientation versus interface anisotropy 
J. Appl. Phys. 110, 093915 (2011); 10.1063/1.3658843 
 
Surface magnetic anisotropy of Co(0001) and effects of ultrathin Cu overlayers studied by in situ spin-wave
Brillouin light scattering 
Appl. Phys. Lett. 80, 282 (2002); 10.1063/1.1431694 
 
 

 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions. Download to IP:  131.155.151.22 On: Mon, 30 May

2016 12:02:18

http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/218287943/x01/AIP-PT/APL_ArticleDL_042716/APR_1640x440BannerAd11-15.jpg/434f71374e315a556e61414141774c75?x
http://scitation.aip.org/search?value1=Nam-Hui+Kim&option1=author
http://scitation.aip.org/search?value1=Jinyong+Jung&option1=author
http://scitation.aip.org/search?value1=Jaehun+Cho&option1=author
http://scitation.aip.org/search?value1=Dong-Soo+Han&option1=author
http://scitation.aip.org/search?value1=Yuxiang+Yin&option1=author
http://scitation.aip.org/search?value1=June-Seo+Kim&option1=author
http://scitation.aip.org/search?value1=Henk+J.+M.+Swagten&option1=author
http://scitation.aip.org/search?value1=Chun-Yeol+You&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.4945685
http://scitation.aip.org/content/aip/journal/apl/108/14?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/107/14/10.1063/1.4932550?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/107/11/10.1063/1.4931089?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/107/2/10.1063/1.4926862?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/107/2/10.1063/1.4926862?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/110/9/10.1063/1.3658843?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/110/9/10.1063/1.3658843?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/80/2/10.1063/1.1431694?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/80/2/10.1063/1.1431694?ver=pdfcov


Interfacial Dzyaloshinskii-Moriya interaction, surface anisotropy energy,
and spin pumping at spin orbit coupled Ir/Co interface

Nam-Hui Kim,1 Jinyong Jung,1 Jaehun Cho,1 Dong-Soo Han,2 Yuxiang Yin,2

June-Seo Kim,2,a) Henk J. M. Swagten,2 and Chun-Yeol You1,3,b)

1Department of Physics, Inha University, Incheon 22212, South Korea
2Department of Applied Physics, Center for Nanomaterials, Eindhoven University of Technology, PO Box 513,
5600 MB Eindhoven, The Netherlands
3Department of Emerging Materials Science, DGIST, Daegu 42988, South Korea

(Received 5 January 2016; accepted 27 March 2016; published online 6 April 2016)

The interfacial Dzyaloshinskii-Moriya interaction (iDMI), surface anisotropy energy, and spin

pumping at the Ir/Co interface are experimentally investigated by performing Brillouin light scat-

tering. Contrary to previous reports, we suggest that the sign of the iDMI at the Ir/Co interface is

the same as in the case of the Pt/Co interface. We also find that the magnitude of the iDMI energy

density is relatively smaller than in the case of the Pt/Co interface, despite the large strong spin-

orbit coupling (SOC) of Ir. The saturation magnetization and the perpendicular magnetic anisot-

ropy (PMA) energy are significantly improved due to a strong SOC. Our findings suggest that an

SOC in an Ir/Co system behaves in different ways for iDMI and PMA. Finally, we determine the

spin pumping effect at the Ir/Co interface, and it increases the Gilbert damping constant from 0.012

to 0.024 for 1.5 nm-thick Co. VC 2016 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4945685]

Spin-orbit coupling (SOC) plays a crucial role in various

basic magnetic phenomena such as magnetic crystalline ani-

sotropies, magnetostriction effects, magneto-optical Kerr

effects (MOKEs), anomalous Hall effects, anisotropic mag-

netoresistances, and magnetic damping processes.1 Recently,

the SOC has been of growing interest due to novel physics

and emerging technologies of “spin orbitronics” such as the

spin Hall effect,2–4 the Rashba effect,5,6 the Dzyaloshinskii-

Moriya interaction (DMI),7–9 and spin pumping effects.10,11

Therefore, an understanding of the SOC, in particular, at the

interface between ferromagnetic (FM) material and heavy

metals (HM), is of great importance for an investigation of

the underlying physics of these exotic phenomena. Among

these SOC-related phenomena, an interfacial DMI (iDMI)

has drawn recent interest. The iDMI is known to arise at the

interface due to inversion symmetry breaking and large SOC

in heavy metals (HM). The iDMI manifests itself by forming

spiral spin configurations with a preferred chirality.

Therefore, it plays an important role in the dynamics of the

chiral domain wall (DW)12,13 and the skyrmion forma-

tion.14,15 Experimental determination of the iDMI energy

density is needed. However, it has been difficult to obtain the

exact value of the DMI energy density using general

approaches for the iDMI measurements (i.e., asymmetric

domain wall motion or bubble expansion).16–18

Recently, direct measurements of the iDMI via Brillouin

light scattering (BLS) have been demonstrated in Pt/Co/

AlOx, Pt/CoFeB/AlOx,19 and Ta/Pt/Co/AlOx
20 systems.

Based on the non-reciprocal spin wave (SW) theorem under

the iDMI,21 BLS can provide a direct value of the iDMI

energy density from a measurement of the frequency differ-

ence between negative (Stokes) and positive (anti-Stokes)

SW frequencies. Therefore, BLS is considered to be a supe-

rior approach for the study of iDMI.22–24 Since BLS is able

to measure intrinsic material parameters such as the satura-

tion magnetization (MS), the effective magnetic anisotropy

energy, and the Gilbert damping constant simultaneously, it

is suitable for the measurement of complex SOC-related phe-

nomena accompanying perpendicular magnetic anisotropy

(PMA), the enhancement of Gilbert damping by spin pump-

ing, and the enhancement of saturation magnetization by the

proximity effect. For example, it is well known that PMA

is proportional to the square of SOC strength,25,26 whereas

spin pumping is proportional to the SOC strength.10,11

Furthermore, the enhancement of proximity-induced mag-

netization (PIM) is also related to SOC.27

In this letter, we experimentally investigate the interfa-

cial magnetic properties of an Ir/Co(tCo)/AlOx system by

BLS.19,20 Iridium, which is a heavy metal, was chosen to

compare the SOC at the interface between Cobalt and HM.

From systematic BLS measurements, a large value of MS

due to a proximity effect and an enhanced value of KS due to

SOC at the Ir/Co interface were observed. We measured

iDMI energy densities from the magnetic field-dependent

frequency difference measurements and found that they are

smaller than in the case of the Pt/Co interface. Contrary to

previous reports,28–30 the measured sign of the iDMI is the

same as Pt/Co/AlOx systems. Furthermore, a noticeable

enhancement of the Gilbert damping constant due to a strong

spin pumping effect was observed. This fact implies that the

roles of SOC for iDMI, PMA, proximity-induced magnetiza-

tion, and a spin pumping effect are not the same based on

our experimental observations.

The inset in Fig. 1(a) shows the sample geometry. A

wedge-shaped Ta(4 nm)/Ir(4 nm)/Co(tCo)/AlOx(2 nm) sample

was deposited on a thermally oxidized Si wafer. A magne-

tron sputtering system was used to deposit all the layers.

a)E-mail: spin2mtj@gmail.com
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Especially, the Co layer was deposited wedged shape in the

range of 1–3 nm. In order to break the inversion symmetry, a

2-nm AlOx capping was used on the top of the Co layer. In

our BLS measurements, a p-polarized laser with 300 mW of

power and a 532 nm wavelength was used to create and anni-

hilate magnons at the surfaces of the Co layer, which is

called the Damon-Eshbach surface mode.31 More detailed

descriptions about BLS measurements are given in the

references.19,32,33

Figure 1(a) indicates the frequency differences (Df)
between Stokes and anti-Stokes peak positions in BLS spec-

tra as a function of the Co thickness. Due to the non-

reciprocal SW propagation properties with finite iDMI, Df is

directly proportional to the iDMI energy density (D). The

correlation between Df and the D is given by21

Df ¼ 2cD

pMs

kx; (1)

where kx and D are the propagating SW wave vector along

the x-direction and the iDMI energy density, respectively. In

this study, the in-plane k-vector is fixed at kx¼ 0.0167 nm�1,

corresponding to the back-scattered light by thermal excita-

tion with an angle of incidence of 45�.
In Fig. 1(b), the deduced iDMI energy densities based

on Eq. (1) are plotted as a function of t�1
Co . The figure shows

inverse proportionality, which is direct evidence that the

iDMI at the Ir/Co bilayer is generated at the interface.19,20

We note that the iDMI energy densities are much smaller

than in the case of the Pt/Co interface, as shown in Fig. 1(b).

Next, we considered the magnitude and sign of iDMI for

an Ir/Co/AlOx system. Recently, using the Vienna ab initio
simulation package (VASP), Yang et al.30 reported that the

iDMI of an Ir/Co system is much smaller than those of Pt/Co

systems. They also found that the magnitude and sign of the

iDMI at Ir/Co is very small and has a direction opposite to

the case of the Pt/Co interface, respectively. This is consist-

ent with reported experimental observations of a Pt(111)/

Ir(tIr)/[Ni/Co]N and Ta/Pt/Co/Ir(tIr)/Pt system.17,28 Chen

et al.28 observed real space images by spin-polarized low-

energy electron microscopy (SPLEEM), and they found the

transition of DW chirality to be a function of an Ir inserting

layer between Pt and [Ni/Co]N. This implies that the iDMI of

the interface of Ir/[Ni/Co]N is opposite to that of Pt/[Ni/

Co]N. Hrabec et al.17 used a MOKE microscope to observe

asymmetric magnetic domain expansion due to the iDMI,

and they inserted an Ir layer into the Ta/Pt/Co/Ir(tIr)/Pt

system. Based on the asymmetric DW velocities, they

concluded that the sign of Co/Ir is opposite that of the Co/Pt

interfaces.

Contrary to previous theoretical and experimental

results,17,28,30 our experimental data indicate that the sign of

iDMI at the Ir/Co/AlOx interface is the same with the Pt/Co/

AlOx, Pt/CoFeB/AlOx, and Ta/Pt/Co/AlOx systems.19,20 In

order to cross-check our field dependence Df measurements

(see Fig. 1(b)), SW propagation angle dependence measure-

ments were performed. The relation between Df and ha, the

angle between the direction of the propagating SWs and the

direction of the applied field, is given by34

Df ðhaÞ ¼ Df0 sin ha; (2)

where Df0 is the maximum Df when ha equals 6p/2; this is a

typical measurement geometry for our magnetic field and

SW wave vector dependence measurements. The angle ha-

dependent Df measurements from �90� to þ90� with a 22.5�

interval for the Ir/Co (tCo¼ 1.75 nm and 2.0 nm) and Pt/Co

(tCo¼ 1.8 nm) cases are shown in Fig. 2. All sinusoidal fit-

ting curves are well matched with the measured Df as a func-

tion of ha. The green area showing that Df is less than about

0.3 GHz indicates the limit of our BLS experiments.

Consequently, we suggest that the signs of iDMI are the

same at Ir/Co and Pt/Co interfaces.

Currently, the physical origin of the sign of iDMI at Ir/

Co/AlOx is not fully understood. However, there are several

possible reasons for the opposite sign reported in previous

experimental results.17,28 Our measurements were conducted

on Ir(4 nm)/Co/AlOx, whereas the previous results had dif-

ferent sample stacks, i.e., Ta/Pt/Co/Ir/Pt17 and Pt(111)/Ir/

[Ni/Co]N.28 For example, Hrabec et al.17 inserted an Ir layer

FIG. 1. (a) iDMI induced spin-wave

frequency differences (�f) as function

of tCo. (b) iDMI energy density as a

function of t�1
Co for the external magnetic

field dependence (DH) in Ir/Co (black

squares), Pt/Co/AlOx (blue circles), and

Ta/Pt/Co/AlOx (red triangles), respec-

tively. The iDMI energy density of the

Ir/Co interface has a maximum value

(0.7 mJ/m2) that is much smaller than

that of Pt/Co/AlOx (1.3 mJ/m2) and Ta/

Pt/Co/AlOx (1.7 mJ/m2).

FIG. 2. The frequency differences (�f) between Stokes and anti-Stokes

from ha¼�90� toþ90� in Ta/Ir/Co/AlOx (tCo¼ 1.75 nm and 2.0 nm) and

Ta/Pt/Co/AlOx (tCo¼ 1.8 nm). The measured Df as a function of the ha. The

solid line is the fitting curve from Eq. (2).
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 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions. Download to IP:  131.155.151.22 On: Mon, 30 May

2016 12:02:18



on the top of a Co layer and covered it with Pt capping. Chen

et al. investigated the Ir/Ni and Co/Ir interface,28,35 not the

Ir/Co interface. Based on our experimental results, we sug-

gest that the iDMI energy density is quite sensitive to the

details of the multilayer structures. Moreover, the iDMI is

not only determined by the nearest interfaces, but it may

have long range characteristics, as predicted by Fert and

Levy.36

We investigate other important and SOC-related quanti-

ties in a Ta/Ir/Co/AlOx system by using BLS measurements.

We ignored the effect of iDMI on the SW excitation fre-

quency and took the average of the Stokes and anti-Stokes

SW frequencies without the iDMI contribution. This can be

expressed as37

fSW ¼
c

2p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Hex Hex �

2Keff

l0MS

� �s
: (3)

Here, we ignored the exchange energy and the bulk PMA

contribution. Keff ¼ 2Ks

tCo
� 1

2
l0M2

S, where KS is the surface an-

isotropy energy, c is the gyromagnetic ratio, and Hex is the

applied magnetic field. We can extract the effective anisot-

ropy energy Keff from the external field-dependent fsw using

Eq. (3), and Keff � tCo versus tCo is shown in Fig. 3. From

the slope and y-intercept, the saturation magnetization MS

(¼ 1.68 6 0.02� 106 A/m) and the surface anisotropy energy

KS (¼ 1.36 6 0.01 mJ/m2) were determined, respectively.

For tCo> 1.5 nm, the effective anisotropy becomes negative

such that the easy axis of the sample is in-plane.

Surprisingly, the obtained values of KS and MS at the Ir/Co

interface are significantly enhanced in comparison with

the case of the Pt/Co (MS¼ 1.42 6 0.02� 106 A/m) inter-

face.20 Especially, the measured MS (¼ 1.68� 106 A/m) is

20% greater than the bulk magnetization of Co (MS¼ 1.4

� 106 A/m). Experimental evidence that a large PIM exists at

the Ir/Co interface has recently been reported.27 The reported

PIM in an Ir/Co/Ni/Co system is 19%, which is quite similar

to our observed value.

The KS value (1.36 mJ/m2) of the Ir/Co system is notice-

ably enhanced compared to the values for Pt/Co/AlOx

(KS¼ 0.54 mJ/m2) and Ta/Pt/Co/AlOx (KS¼ 1.1 mJ/m2) in

our previous reports.19,20 On a theoretical basis, it has been

reported that Ir monolayer capping induces the strongest

surface PMA of an Fe(001) layer.38 They found that the PIM

and the PMA of Ir are even larger than that of Pt. This gives a

clue regarding the observed enhancements of the values of MS

and KS in our Ir/Co/AlOx system. Regardless, their study is

about 5d transition metals with Fe, and not Co. Furthermore,

den Broeder et al. reported that KS for Ir/Co (�0.8 mJ/m2) is

larger than that of Pt/Co (0.5� 0.58 mJ/m2).39

Another important effect of a strong SOC is the

enhancement of Gilbert damping due to a strong spin pump-

ing effect.10,11 The precession of spins in a ferromagnetic

layer induces a spin current in the adjacent layer and a loss

of angular momentum and causes additional damping. The

amount of spin pumping is closely related to the SOC

through the spin flip relaxation time and the interface mixing

conductance. As a result, spin pumping is an important path

for the magnetic damping of HM/FM structures. It has been

reported that spin pumping can be suppressed by interface

engineering, or by introducing a nano-oxide layer between

HM and FM by using vector-network analyzer ferromagnetic

resonance (VNA-FMR).11

We obtain a full-width at half maximum (FWHM) from

each resonance frequency spectrum from BLS SW spectra,

similar to the VNA-FMR experiment. To extract the Gilbert

damping constant, we applied a modified equation which

used from FMR system as the condition of the applied large

in-plain magnetic field in a PMA system. The FWHM

(DfresÞ has the following relation with the Gilbert damping

constant a:

Dfres ¼
2al0c

p
Hex þ Df extrinsic

res ; (4)

where Df extrinsic
res is the additional linewidth at the resonance

frequency by an extrinsic source. Figure 4(a) clearly shows

the linear relations between linewidths (Dfres) and the applied

magnetic fields (Hex) for tCo¼ 1.5 and 3.0 nm.

We examined another possible mechanism of FWHM

broadening: the two-magnon scattering (TMS) process. It is

well known that TMS occurs when hað~kkÞ, the angle between

the SW propagation direction and the in-plane field (or mag-

netization direction), is smaller than the critical angle hc.40

Here, the critical angle hc ¼ sin�1 Hex

B0þHS

h i1
2¼ 41.2� when the

in-plane external field Hex is 0.2 T. B0¼Hexþ 4pMS;

HS¼ 2KS/Msd; MS, KS, and d are the saturation magnetiza-

tion, the surface anisotropy, and the thickness of the cobalt,

respectively. The necessary condition of TMS is ha(kjj)< hc

for kjj> 0, which corresponds to the anti-Stokes case in our

experimental geometry. Since we extracted the FHWM from

the anti-Stokes peaks and hað~kkÞ¼ 90� configuration, there

is no contribution from TMS. Furthermore, if TMS contrib-

utes to the linewidth, we require a non-zero Df for the

hað~kkÞ¼ 0 case. However, we already show a negligible Df

for hað~kkÞ¼ 0 in Fig. 2. Therefore, we can exclude the TMS

contribution in the observed FWHM broadening.

From the slopes of the linear fittings, the magnetic

damping constants a for each Co thickness were deduced

and are shown in Fig. 4(b). Normally, the energy dissipation

in a magnetic system depends on the imaginary part of the

susceptibility of the magnetic system. It has been claimed

FIG. 3. Keff� tCo versus tCo plot with a linear fitting. KS and MS were

extracted from the slope and y-intercept. For tCo> 1.54 nm, the effective

uniaxial anisotropy becomes negative, which means the direction of the easy

axis changes perpendicular to the in-plane.
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that the imaginary part of the eigenfrequency is modified by

a factor of (1þ fDMðkÞ=f0ðkÞ) due to the iDMI.23 Here, fDM

and f0 are the resonance frequency with iDMI and without

iDMI, respectively. For general cases (fDM

f0
� 1), the

enhancement of damping due to the iDMI is not significant.

However, since the observed damping constant enhancement

in our experiment is about double at tCo¼ 1.2 nm compared

with aBulk, the enhancement due to the iDMI is about 10%.

Therefore, we can rule out a contribution due to iDMI in the

enhancement of the damping constant.

Figure 4(b) shows that the t�1
Co dependence of the damp-

ing constant is mainly due to the spin pumping effect.

Consequently, due to spin pumping at the Ir/Co interface, an

enhancement of the damping constant (a¼ 0.02) is observed

at tCo¼ 1.5 nm. With increasing tCo, the measured a
decreases as shown in Fig. 4(b), since spin pumping is a kind

of interface effect. Therefore, the spin pumping is being

smeared away when the thickness of the FM layer increases.

In Fig. 4(b), the measured a versus t�1
Co and a linear depend-

ency with a finite y-intercept is seen. The physical meaning

of the damping at t�1
Co ¼ 0 (tCo!1) is the damping constant

(abulk) of bulk cobalt. In these measurements, we determined

that abulk� 0.012, which is in good agreement with the mag-

netic damping constant for bulk Co (abulk
Co ¼ 0.011).41

In conclusion, we used BLS to observe SOC-related

physical quantities such as the interfacial Dzyaloshinskii-

Moriya interaction, surface magnetic anisotropy, and the

magnetic damping constant accompanying the spin pump-

ing effect at the Ir/Co interface. From systematic BLS

measurements, we suggest that the measured iDMI energy

density is relatively smaller than in the case of the Pt/Co

interface. On the other hand, the saturation magnetization

and the surface magnetic anisotropy are significantly

improved due to a higher proximity-induced magnetiza-

tion. From this result, we believe that the iDMI and PMA

behave in different ways at the Ir/Co interface. Based on

the results in previous reports, the sign of the iDMI at

the Ir/Co interface is the same as that of the Pt/Co

interface.
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