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We report the observation of a Pt layer thickness dependence on the induced interfacial
Dzyaloshinskii-Moriya interaction in ultra-thin Pt(dPt)/CoFeB films. Taking advantage of the large
spin-orbit coupling of the heavy metal, the interfacial Dzyaloshinskii-Moriya interaction is quan-
tified by Brillouin light scattering measurements of the frequency non-reciprocity of spin-waves in
the ferromagnet. The magnitude of the induced Dzyaloshinskii-Moriya coupling is found to satu-
rate to a value 0.45 mJ/m2 for Pt thicknesses larger than ∼ 2 nm. The experimental results are
explained by analytical calculations based on the 3-site indirect exchange mechanism that predicts
a Dzyaloshinskii-Moriya interaction at the interface between a ferromagnetic thin layer and a heavy
metal. Our findings open up a way to control and optimize chiral effects in ferromagnetic thin films
through the thickness of the heavy metal layer.

In the past few years the Dzyaloshinskii-Moriya inter-
action (DMI) [1, 2], i.e. the antisymmetric exchange in-
teraction, has been the subject of intense research due to
its capability to induce the formation of chiral spin tex-
tures, such as magnetic Skyrmion lattices [3–11] and spin
spirals [12–14]. In ultrathin ferromagnetic (FM) films in
contact with a nonmagnetic heavy-metal (HM), a no-
ticeable interfacial DMI can arise due to the large spin-
orbit coupling (SOC) in the presence of the broken in-
version symmetry at the FM/HM interface [11, 13], lead-
ing for instance to asymmetric spin-wave dispersion [15].
Interfacial DMI in FM/HM bilayers is usually stronger
than bulk DMI in non-centrosymmetric chiral magnets
[16, 17], which also has the advantage of room tempera-
ture operation using conventional magnetic materials. In
such structures, the combination of the interfacial DMI,
which stabilizes chiral Néel domain walls (DW), and of
the Spin-Hall effect [18, 19] has been found to enable a
surprisingly fast current-driven DW motion [20–27]. It
has also been observed that both the velocity and the
direction of the DW motion depend on the DMI strength
and can be controlled by engineering the interface be-
tween the two materials [27–29]. From a technological
point of view, these structures are of great importance,
due to their enormous potential for current-controlled
DW motion for the development of novel memory-storage

devices with high density and performance in so-called
racetrack memories [30]. A deeper understanding of the
interfacial DMI mechanism in such structures and a pre-
cise estimation of its magnitude, are therefore crucial for
tailoring efficient spintronics devices.

Early measurements of the strength of the DMI were
reported using spin-polarized scanning tunneling mi-
croscopy [13], highly resolved spin-polarized electron en-
ergy loss spectroscopy [15], and synchrotron based X-ray
scattering [31]. More recently, Brillouin light scattering
(BLS) has proven to be a powerful technique to study
interfacial DMI in a variety of FM/HM systems [32–38]
such as shown in Fig. 1. BLS experiments on ultrathin
FM/HM bilayers have shown that interfacial DMI in-
duces a significant asymmetry in the frequency disper-
sion of the counter-propagating Damon-Eshbach (DE)
spin-wave (SW) modes, as theoretically predicted in Refs.
[39–43], which makes direct measurements of the strength
of the induced DMI possible. Moreover, the effect of the
interfacial DMI has been investigated in wedge-shaped
samples [36], and also in structures where the thickness
of the FM layer d is varied [35, 37, 38], demonstrating
a 1/d behavior of the strength of the interaction, which
is direct consequence of the surface nature of such cou-
pling. This phenomenology was also found through all-
electrical measurements in Pt/Co/MgO samples [44]. In-
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terestingly, the discussion related to the role and impor-
tance of Pt thickness is devoid in all those experiments,
with the exception of a few papers that measures differ-
ent properties varying the thickness of the HM underlayer
[27–29]. More recently, Yang et al. performed first prin-
ciples calculations of DMI in Co/Pt where its strength is
featured for specific spin configurations and up to three
Co and Pt atomic layers, founding a weak contribution
from Pt thickness [45].

In this work we study the influence of the heavy metal
thickness on the interfacial DMI. Using BLS measure-
ments on ultrathin CoFeB films in contact with a Pt
layer with variable thickness (dPt), we found that the
strength of the interfacial DMI increases with Pt thick-
ness, reaching a saturation value for dPt larger than a few
nanometers. We are able to explain our experimental re-
sults using the 3-site DMI introduced by Levy and Fert
[46–50], where the asymmetric exchange interaction be-
tween two neighboring FM atoms is mediated by a third
non-magnetic atom, Pt in this case, having a large SOC.
Here we show that the evolution of interfacial DMI as a
function of the Pt thickness, can be understood assuming
that hopping electrons can scatter with Pt sites belonging
to several layers in the HM.

We studied a series of samples consisting of Si-
SiO2/Co40Fe40B20(2 nm)/Pt(dPt)/Cu(3 nm) where dPt

was changed in the range between 0 and 6 nm. The
samples were grown by magnetron sputtering on ther-
mally oxidized Si substrates. The base pressure of the
chamber was 2 × 10−8 Torr, and the deposition times
were calculated using calibrated growth rates. The sat-
uration magnetization was determined from hysteresis
curves measured by a MicroMag 2900 alternating gradi-
ent magnetometer (AGM). BLS measurements were per-
formed focusing about 200 mW of monochromatic light
from a solid state laser operating at λ = 532 nm onto the
sample surface. The back-scattered light was analyzed
by a Sandercock-type (3 + 3)-pass tandem Fabry-Perot
interferometer [51]. A bias field H = 3 kOe was applied
parallel to the surface plane, while the in-plane wave vec-
tor k was swept along the perpendicular direction (DE
configuration). Due to the photon-magnon conservation
law of momentum in the scattering process, the ampli-
tude of the in-plane wave vector is linked to the incidence
angle of light θ by k = (4π/λ) sin θ. In our measurements
k was changed from 0 to 2.044× 107 rad/m.

In order to analyze the experimental results we start
with the usual Hamiltonian ascribed to the interfacial
DMI, HDM =

∑
〈ij〉Dij · (Si × Sj), which couples any

pair of neighboring atomic spins Si and Sj in the interfa-
cial layer of the CoFeB film through a third Pt site [64].
Here indexes i and j label a pair of interacting FM spins
at the interface. The DMI in FM/HM bilayers is usu-
ally described using a formalism developed for disordered
magnetic alloys with HM impurities [48–50, 52]. Here, an
additional contribution to the Ruderman-Kittel-Kasuya-

Figure 1. (a) Schematic depiction of the system under study.
The magnetization M is saturated along z axis by an exter-
nal magnetic field H. Spin-waves propagate on the xz-plane
and are characterized by a wave-vector k making an angle φk

with the saturation direction. Based on the 3-site Fert-Levy
model the interfacial DMI is determined under the scheme
(b), where brown dots represent a pair of CoFeB spins inter-
acting through a third Pt atom (grey dot) at position Rl

i with
respect to spin i. (c) Illustration of a (100) plane of a fcc crys-
tallite oriented at an angle β with the x axis, while the pair of
spins is oriented at an angle δ with x. (d) The resulting DMI
vector is distributed on the xz-plane and is perpendicular to
the triangle in (b).

Yosida interaction appears, which is of Dzyaloshinskii-
Moriya type and arises from the SOC of the conduction
electron gas with non-magnetic impurities [48, 49]. The
DM vector Dij links FM spins at sites i and j with a
third Pt site labeled by a lattice vector l in the HM and
is perpendicular to the triangle described by the three
sites [48, 49, 53]. It is well known that the DMI becomes
particularly relevant at the interface between a ultrathin
FM film and a HM with strong SOC. This fact, together
with the BLS data presented here, suggests that several
Pt atoms may contribute to the strength of the inter-
facial DMI. Hence, in order to evaluate the DM vector,
one have to consider the thickness and lattice structure
of the HM, in such a way that the electrons can scatter
with several Pt sites close to a pair of FM spins, and thus
build up the effective interfacial DMI. Then, the DM vec-
tor associated with Si and Sj , must include contributions
from more than one Pt atom, and can be generally esti-
mated by summing over a group of neighboring Pt lattice
vectors l,

Dij =
∑
l

V1
R̂l
i · R̂l

j

Rl
iR

l
jRij

R̂l
i × R̂l

j

sin
[
kF (Rl

i +Rl
j +Rij) + πZd/10

]
, (1)

where V1 = (135π/32)(λdΓ
2/E2

F k
3
F ) sin(πZd/10) is a fac-

tor (in units of Jm3) proportional to the SOC constant
λd, and also depends on the Fermi energy EF and Fermi
wave vector kF of the conduction electrons, the number
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of incomplete sub-shells electrons, and the coupling con-
stant Γ between FM spins (see Eqs. (5) and (6) in [48],
and Eq. (26) in [49]). As it is displayed in Fig. 1, the
vectors Rl

i and Rl
j = Rl

i − Rij , join Si and Sj to the
neighboring fcc lattice sites of Pt. Further details about
the evaluation of the DM vector are provided in Sec. S1
of the Supplementary Material [54]. The vector connect-
ing two magnetic CoFeB atoms in the interface plane is
given by Rij = na(cos δx̂ + sin δẑ) where δ is the an-
gle between Rij and the x axis, while a is the average
separation of nearest neighbors spins. The index n is
introduced to consider first, second or even third neigh-
bors. With this model, we get for the DM vector between
spins at i and i+x, Di,j=i+x = −Dz ẑ, and between spins
at i and i + z Di,j=i+z = Dxx̂ [see Fig. 1(d)], whereas
the y component of Dij cancels out. It is worth to men-
tion that in the case of a non perfectly sharp interface,
for instance, for Pt atoms embedded in the CoFeB film,
the local DM vector would be perpendicular to the in-
terface. In the sake of simplicity we focus on atomically
sharp interfaces, since the diffusion of Pt atoms into the
CoFeB film could create defects that will produce even
more complicated effects as spin wave scattering [56].

In the micromagnetic limit the DM Hamiltonian is de-
termined [54] by assuming that the magnetization does
not depend on the normal coordinate, due to the ultra-
thin thickness of the FM film. On this basis, the fre-
quency dispersion of the spin waves is separated into two
contributions, f(k) = fs(k) + fDM(k), with fDM(k) =
γD(dPt)
πMs

|k| sinφk cosφM , where D(dPt) ≡ S2

nad |Dij | is the
volume averaged DMI strength. The symmetric part,
fs(k), is composed by the exchange, dipolar, anisotropy,
and Zeeman contributions [42]. Here, γ = |gµB/~| is the
gyromagnetic ratio and φM the angle between M and the
plane. Then, the frequency difference between oppositely
propagating spin-waves is ∆f = fDM(k)− fDM(−k) and
reads [65]

∆f(k, dPt) =
2γD(dPt)

πMs
|k| sinφk cosφM , (2)

where D(dPt) is an effective parameter that measures the
strength of the interfacial DMI averaged over the vol-
ume of the FM film. Note that these expressions are
valid in the low wave vector regime, the same range that
is probed by BLS, since we work within a continuous
magnetization model. According to Nembach et al. [37]
the effective interaction is related to the DMI strength
at the interface Dint = D(dPt)NFM, where NFM is the
number of FM atomic layers. By measuring ∆f through
BLS the DMI strength has been found in several mate-
rials, whose highest value of 2.7 mJ/m2 was reported in
Pt(3)/Co(0.6)/AlOx samples [38].

Typical BLS spectra measured for samples having a Pt
thickness of 0.4 nm and 1 nm are shown in Fig. 2(a) and
2(b), respectively. Due to the small sample thickness,
both the Stokes and anti-Stokes peaks, corresponding to

Figure 2. Brillouin light scattering spectra measured at
k = 1.81 × 107 rad/m under a magnetic field H = 3 kOe
for samples having a Pt thickness of (a) 0.4 nm and (b) 1 nm.

SWs propagating in opposite directions are simultane-
ously observed with comparable intensity. As it can be
seen, the Stokes and anti-Stokes peaks are characterized
by a frequency shift which increases with Pt thickness.
Moreover, the frequency of both peaks interchanges on
reversing the direction of the applied magnetic field, due
to the reversal of the SWs propagation direction. Fig.
3 shows the frequency difference between the Stokes and
the anti-Stokes peaks measured (points) as a function of
the wave vector k. In agreement with Eq. (2) we found
that the frequency asymmetry exhibits a linear depen-
dence as a function of k, and it becomes more pronounced
when increasing the Pt thickness. To better understand
the effect of the platinum thickness, the frequency shift
measured at kmax = 2.044 × 107 rad/m is reported in
Fig. 4(a) as a function of dPt. One can see that the fre-
quency difference increases linearly with dPt, reaching a
saturation value at about 2 nm.

A fit procedure [54] of the experimental data to the the-
oretical model was performed using the following equa-
tion obtained by combining Eqs. (1) and (2)

∆f(k, dPt) = f0
∑
l

a2
R̂l
i · R̂l

j

Rl
iR

l
j

|R̂l
i × R̂l

j

sin(kF (Rl
i +Rl

j +Rij) + πZd/10)|, (3)

where f0 ≡ 2γS2V1kmax

πMsn2a4d .
In-plane grazing incidence XRD measurement (not

shown) revealed the absence of crystalline peaks in
CoFeB and an fcc structure for the Pt layer. Therefore, in
the analysis we use the following parameters, for amor-
phous CoFeB a = 0.25 nm [57], and for the fcc lattice
parameter of Pt b = 0.39 nm [58]. The interface spacing
between the CoFeB and the Pt layers was set to the mean
value between a and b, L0 = 0.32 nm. On the basis of
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Figure 3. Measured frequency shift for different Pt thickness.
The samples are under a magnetic field H = ±3 kOe, with
the corresponding theoretical fitting based on Eq. (2).

the AGM measurements, we assumed µ0Ms = 1.55 T for
samples having a Pt thickness larger than 1 nm, while
for samples with dPt lower than 1 nm, µ0Ms decreases
until 1.22 T. A good agreement with the experiments
is obtained by setting β = δ = 0, the fitting param-
eter f0 = 0.039 GHz and the average spatial range of
DMI Rij ≈ na = 0.71 nm, which for a = 0.25 nm gives
n ≈ 2.85. No significant changes of the fit quality were
observed varying the values of β and δ.

The fit is shown by the continuous curves in Fig. 3 for
the linear behavior with k and Fig. 4(a) for the thick-
ness dependence, where the solid red curve is a linear
interpolation. The measured angular dependence of the
frequency shift, see inset of Fig. 4(a), was obtained for
a thickness dPt = 5 nm at a wave vector k = 1.35 × 107

rad/m, showing a clear sine like dependence [33, 36, 42]
in agreement with Eq. 2. The strength of the interfa-
cial DMI obtained from the fit is reported in Fig. 4(b).
As it can be seen D(dPt) grows with the Pt thickness
and reaches a saturation value of almost 0.45 mJ/m2 at
about four Pt monolayers (∼ 2 nm). The oscillating fea-
ture of the DM vector, which must be associated with
electronic screening effects as Rudermann-Kittel-Kasuya-
Yosida [59] or Friedel [60] oscillations, seems to be negli-
gible for reported values for Pt, around kF ≈ 0.4 nm−1

[61]. As we pointed out, interfacial DMI originates from
the indirect exchange, mediated by itinerant electrons,
between FM spins and neighboring HM atoms having a
large SOC. Moreover, such SOC in Pt is also responsible
for the loss of spin information carried by electrons that
characterizes the spin-diffusion length, which at room
temperature lies on the range of 1.2 − 2 nm [18, 62].
In this way, the saturation of the DM coupling, and its
characteristic length scale, might be linked to the spin
diffusion phenomena, however, a detailed study of this

interesting relationship is left for future work.

Figure 4. (a) Spin-wave frequency asymmetry in a CoFeB/Pt
as a function of Pt thickness at kmax = 2.044×107 rad/m. The
fit (red line) of the data, based on Eq. (2), is done with the
parameters a = 0.25 nm, b = 0.39 nm and L0 = 0.32 nm, and
n = 2.85. The inset shows the in-plane angular dependence
of ∆f , and its corresponding fit curve for a thickness dPt = 5
nm at a wave vector k = 1.35×107 rad/m. (b) DMI strength
as a function of dPt obtained from ∆f(kmax, dPt) and for a
gyromagnetic ratio γ = 187 GHz/T [63].

In summary, non-reciprocity of the spin-wave spectra
in Pt(dPt)/CoFeB ultrathin films was studied by Bril-
louin spectroscopy for different Pt thicknesses. The BLS
spectra of Stokes and anti-Stokes peaks establishes a
linear relation between the asymmetry in the SWs fre-
quency and the wave vector. We observed, and the-
oretically demonstrated by virtue of the 3-site indirect
exchange mechanism [48], an increasing interfacial DMI
as the Pt thickness increases. We propose that the
mechanism behind the observed DMI enhancement with
dPt, consists of cumulative electron hopping between the
atomic spins at the interface and the non-magnetic atoms
in the heavy metal. Nevertheless, for a given thickness
of the CoFeB layer, the DMI magnitude does not exceed
the saturation value 0.45 mJ/m2 for Pt thicknesses larger
than 2 nm. Thickness-dependent DMI studies will offer a
great prospect in the fields of spintronics and magnonics,
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in order to induce and spatially control chiral effects in
magnetic materials.
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Schmidt, A. Rosch, and C. Pfleiderer, Phys. Rev. B 81,
041203(R) (2010).

[6] X. Z. Yu, Y. Onose, N. Kanazawa, J. H. Park, J. H. Han,
Y. Matsui, N. Nagaosa, and Y. Tokura, Nature 465, 901
(2010).

[7] X. Z. Yu, N. Kanazawa, Y. Onose, K. Kimoto, W. Z.
Zhang, S. Ishiwata, Y. Matsui, and Y. Tokura, Nat.
Mater. 10, 106 (2011).

[8] S. Heinze, K. von Bergmann, M. Menzel, J. Brede, A. Ku-
betzka, R. Wiesendanger, G. Bihlmayer, and S. Blügel,
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Europhys. Lett. 100, 57002 (2012).

[23] G. Chen, J. Zhu, A. Quesada, J. Li, A. T. N’Diaye, Y.
Huo, T. P. Ma, Y. Chen, H. Y. Kwon, C. Won, Z. Q.
Qiu, A. K. Schmid, and Y. Z. Wu, Phys. Rev. Lett. 110,
177204 (2013).

[24] S. Emori, U. Bauer, S. Ahn, E. Martinez, and G. S. D.
Beach, Nat. Mater. 12, 611 (2013).

[25] O. Boulle, S. Rohart, L. D. Buda-Prejbeanu, E. Jué, I. M.
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