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We present results of the analysis of Brillouin Light Scattering (BLS) measurements of spin waves
performed on ultrathin single and multirepeat CoFeB layers with adjacent heavy metal layers.
From a detailed study of the spin-wave dispersion relation, we independently extract the Heisenberg
exchange interaction (also referred to as symmetric exchange interaction), the Dzyaloshinskii-Moriya
interaction (DMI, also referred to as antisymmetric exchange interaction), and the anisotropy field.
We find a large DMI in CoFeB thin films adjacent to a Pt layer and nearly vanishing DMI for CoFeB
films adjacent to a W layer. Furthermore, the residual influence of the dipolar interaction on the
dispersion relation and on the evaluation of the Heisenberg exchange parameter is demonstrated.
In addition, an experimental analysis of the DMI on the spin-wave lifetime is presented. All these
parameters play a crucial role in designing skyrmionic or spin-orbitronic devices.

INTRODUCTION

The remarkable pace of development of CMOS-based
information processing devices seen over the past decades
can very well be described by Moore’s law1,2. However,
this progress is based on a continuous decrease of device
size3 which, in connection with Joule heating, results in
an approach towards critical power densities. In this con-
text, magnetic objects such as skyrmions and spin waves
are envisaged to form the basis of a new generation of
information storage and processing devices4–9.

For the stabilization of skyrmions, not only the sym-
metric Heisenberg exchange interaction but also the pres-
ence of an antisymmetric exchange contribution favoring
a chiral alignment of spins is a crucial requirement10.
As predicted by Dzyaloshinskii and Moriya11,12, low-
symmetry systems can exhibit such a contribution to the
exchange interaction. Mediated by a broken inversion
symmetry and the selection of a capping material with a
large spin-orbit interaction13, the Dzyaloshinskii-Moriya
interaction (DMI) can be especially pronounced in ultra-
thin magnetic films adjacent to a layer of a heavy metal.
In this case, it is referred to as interfacial DMI (iDMI)14.

The DMI strength in single layers can be measured us-
ing asymmetric domain expansion15, asymmetric switch-
ing of triangles16, or stripe domain annihilation17–19.
However, such methods require an additional determi-
nation or estimation of the symmetric exchange inter-
action since the strength of the iDMI cannot be deter-
mined independent from this parameter. In contrast, an
investigation of spin waves allows for an independent de-
termination of symmetric as well as the antisymmetric
exchange interaction. In general, spin waves constitute a
powerful tool for the characterization of magnetic thin
films, micro-, and nanostructures, and they possess a

spatial chirality making them sensitive to the presence
of DMI20. DMI and other material parameters can be
traced by the characterization of the thermally populated
spin-wave dispersion relation using Brillouin Light Scat-
tering (BLS) spectroscopy21–24.
At the same time, spin waves25 and their corre-

sponding quasi-particles, magnons26–28, have been em-
ployed in many prototype devices such as in a magnon
transistor29, in spin-wave majority gates30–34, and in
many others35–40. In this context, non-reciprocal spin-
wave propagation as a consequence of DMI might also
constitute an interesting tool to boost the capabilities of
spin-wave logic devices41.
Among the materials composing the thin films un-

der investigation, for spin-orbitronics devices heavy
metal/CoFeB bilayers are very relevant. CoFeB (in vari-
ous compositions) plays an important role in many spin-
tronic applications such as MRAM42 and devices based
on the propagation of spin waves43,44. Its properties can
be widely tuned by annealing45, and it is easy to handle
using sputtering techniques, rendering this alloy impor-
tant for many applications. Heavy metals like Pt and
W show a large spin-orbit coupling which, for example,
leads to a large spin Hall angle46,47 which is desirable for
devices involving spin orbit torques48.
In this work, we present measurements of the DMI

strength in single-repeat and multirepeat systems of both
Pt/CoFeB/MgO and W/CoFeB/MgO stacks using BLS
spectroscopy. In particular, we employ wave vector-
resolved BLS spectroscopy resulting in a direct measure-
ment of the spin-wave dispersion relation. Considering
the role of the symmetric and antisymmetric exchange
interaction on the dispersion relation20,49, in contrast to
an analysis of domain expansion, BLS spectroscopy al-
lows for an independent determination of both exchange
contributions. The symmetric exchange of both systems
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is found to be identical within the measurement errors
whereas we find a pronounced iDMI in the Pt-based stack
and nearly vanishing iDMI in the W-based system.

SAMPLES

The investigated single-repeat samples consist of
an underlayer (UL) of either Pt or W sputter-
deposited onto a thermally oxidized Si substrate us-
ing a Singulus Rotaris deposition system. The full
single-repeat stack is UL(5 nm)/Co20Fe60B20(0.6 nm)/
MgO(2 nm)/Ta(5 nm) and it has been investigated as de-
posited. The corresponding multirepeat samples investi-
gated in this work consist of ten repetitions of UL(5 nm)/
Co20Fe60B20(0.6 nm)/MgO(2 nm), deposited onto a ther-
mally oxidized Si substrate and finally capped with a
5 nm Ta layer using the same sputtering system.
The value of the saturation magnetization used

in all calculations has been obtained by vibrat-
ing sample magnetometry (VSM) from a W(5 nm)/
Co20Fe60B20(0.6 nm)/MgO(2 nm)/Ta(5 nm) stack on an
oxidized Si substrate. From this, we obtain MS =

1388kA/m.

EXTRACTION OF EXCHANGE CONSTANTS
FROM THE SPIN-WAVE DISPERSION

RELATION

For in-plane magnetized thin films, spin waves with

wave vector ~k propagating perpendicularly to the static

magnetization ~M exhibit a spatial chirality depending

on the relative orientation of ~k and ~M . Consequently,
the presence of iDMI results in an increase or decrease
of the spin-wave frequency depending on the propaga-
tion direction, making spin waves a useful probe in the
investigation of iDMI.

For spin waves propagating in in-plane saturated ul-
trathin films, the corresponding influence of the iDMI on
the dispersion relation49 can be described by a frequency
shift linear in the spin-wave wave vector20. Together with
the remaining terms of the dispersion relation for spin
waves in films with uniaxial out-of-plane anisotropy, the
spin-wave frequency fSW is given by the relation23

fSW(k) =
γµ0

2π

√

(

Hext + λexk2 +MSg(kt)
)

·
(

Hext −HU + λexk2 +MS −MSg(kt)
)

+
γ

πMS

D · k (1)

with the gyromagnetic ratio γ (here, γ =
176 radT−1ns−1 is assumed), the permeability of vac-
uum µ0, the film thickness t, and the uniaxial anisotropy
field HU connected to the anisotropy constant KU via
µ0HU = 2KU/MS. The parameter D describes the
DMI strength20, and the influence of the symmetric ex-
change interaction is included in the exchange stiffness
λex = 2A/(µ0MS) with the exchange constant A. Fur-
thermore, the dipole-dipole interaction is represented by
the function

g(x) = 1− [1− exp(−|x|)] /|x| (2)

with x = kt a dimensionless parameter.
In case the DMI is purely of interfacial origin, the DMI

constant D can be related to the film thickness resulting
in an interfacial DMI constant22

DS = Dt. (3)

For the measurement of the spin-wave dispersion rela-
tion, BLS spectroscopy is employed, which is based on
the inelastic scattering of photons with magnons. For
this process, momentum as well as energy conservation
laws hold50:

~~kout = ~~kin ± ~~kSW (4)

~ωout = ~ωin ± ~ωSW. (5)

Here, (in) and (out) describe the wave vector and fre-
quency of the incident and scattered photon, respectively,
and the label (SW) relates to the spin-wave wave vector
and frequency, respectively. A positive sign in the above
equations holds for the case of an anti-Stokes process in
which a magnon is annihilated, whereas the negative sign
holds for the case of a Stokes process in which a magnon
is created.
By operating the setup in the backscattering

geometry50, wave-vector resolved probing of spin waves
and, with that, a direct measurement of the spin-wave
dispersion relation is possible. Considering the influence
of the DMI on the dispersion relation (cf. eq. 1), such
experiments have proven to be a valuable method to get
an insight into properties of samples under the influence
of DMI51.
The DMI constant can be extracted from the linear

slope of the shift of the spin-wave frequency under rever-
sal of the spin-wave wave vector:

f(k)asym =
|f(−k)Stokes − f(k)Stokes|

2
=

γ

πMS

Dk. (6)

The same equation holds for the anti-Stokes signal. In
this context, we would like to point out that a reversal
of the sign of the external field, by symmetry arguments,
corresponds to a reversal of the experimentally probed
spin-wave wave vector and an inversion of Stokes and
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anti-Stokes signal. With that, any experimental offset
error in the frequency measurement can be minimized.
At the same time, in order to more reliably extract

other sample parameters from the dispersion relation, it
can be beneficial to symmetrize the spin-wave frequency
according to the relation

f(k)sym =
|f(k)Stokes|+ |f(k)anti−Stokes|

2
=

γµ0

2π

√

(

Hext + λexk2 +MSg(kt)
)

·
(

Hext −HU + λexk2 +MS −MSg(kt)
)

(7)

which is independent of the frequency shift induced by
the antisymmetric exchange interaction.
Please note in this context that the given disper-

sion relation neglects any inhomogeneity of the mag-
netic parameters over the film thickness such as an inho-
mogeneous saturation magnetization or different surface
anisotropies on the upper and lower surface which, prin-
cipally, could also lead to a frequency non-reciprocity52.
However, as shown in Gladii et al. 53 , these effects are
very small in the present case because of the ultrathin
film thickness.
In the experiment, we use a laser with a wavelength of

λ = 532nm. Hence, the spin-wave wave vector probed is
k = 4π sin(ϕ)/λ with the angle of incidence ϕ. The prob-
ing laser beam is incident perpendicular to the applied
field which lies in the sample plane. Thus, in case the
film is saturated, magnetostatic surface spin waves are
probed which propagate perpendicularly to the magneti-

zation (~k ⊥ ~M). Since no microwave field for the excita-
tion of spin waves is applied in the investigation, solely
thermal spin waves are detected in the experiments.

RESULTS

Pt/CoFeB/MgO

In order to investigate the influence of the DMI on the
spin-wave dispersion relation experimentally, an applied
field of µ0Hext = ±200mT is chosen. As an example,
Fig. 1 shows the BLS spectra recorded from the single
repeat sample at an angle of incidence of ϕ = 60◦ for pos-
itive and negative magnetic fields (µ0Hext = ±200mT).
The asymmetry of the intensity of Stokes and anti-Stokes
signal might be a consequence of helicity-dependent con-
tributions to the scattering cross section54 but it is not
of relevance for the extraction of the magnetic parame-
ters. Further measurements at various angles of incidence
are performed, thus, probing a large range of spin-wave
wave vectors. The center frequency of the Stokes and
anti-Stokes signal are extracted by fitting a Lorentzian
peak function to the respective signals in the recorded
BLS spectra.
The full dispersion relation is shown by the black

squares in Fig. 2a). Clearly, it features a pronounced
asymmetry with respect to wave-vector inversion as a
consequence of the DMI. This asymmetry can be used
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Figure 1. (color online) BLS spectra obtained from the sin-
gle repeat Pt/CoFeB/MgO sample at an angle of light inci-
dence of ϕ = 60◦ for positive and negative applied field with
|µ0Hext| = 200mT. The respective spin-wave frequencies are
obtained from the center frequencies of Lorentzian peak func-
tions fitted to the signal peaks. The DMI-induced frequency
shift under field reversal, i.e., a reversal of the sign of the
spin-wave wave vector, is marked in the spectrum. Also,
a field direction-dependent asymmetry between Stokes and
anti-Stokes intensity is visible as expected for thin films of
absorptive materials54.

to obtain the DMI constant according to eq. 6. Fur-
thermore, we would like to point out that the group ve-
locity, which is the derivative of the dispersion relation
with respect to the wave vector, is positive in the entire
probed wave vector range. Consequently, the group ve-
locity, or, in other words, the magnon energy flow, is uni-
directional for all spin-wave wave vectors probed in the
experiment. This effect, which is due to a comparably
strong iDMI might provide interesting opportunities for
the application of such layer systems in spin-wave logic
devices5,55,56.

The black line in Fig. 2a) shows the full dispersion re-
lation including the DMI contribution as given in eq. 1.
For the plot, the external field (µ0Hext = 200mT), the
magnetic film thickness (t = 0.6 nm), as well as the satu-
ration magnetization (MS = 1388kA/m) have been used.
The symmetric exchange constant has been taken from
the fit in Fig. 2b) and the DMI constant is the one ex-
tracted from the data shown in Fig. 3.
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The symmetrized spin-wave frequency is shown in
Fig. 2b) by the black squares. Fitting the symmetrized
dispersion relation as in eq. 7 to the data results in a sym-
metric exchange constant of A = (17.60± 3.14) pJ/m.
At this point, we would like to underline the fact that,
even though the magnetic film thickness is only 0.6 nm,
neglecting the dipolar interaction significantly falsifies
this analysis. This shall be illustrated by the additional
plots in Fig. 2b).
First, the blue curve is a fit of a model which only

includes a symmetric exchange contribution quadratic in
the spin-wave wave vector and the FMR frequency as an
offset, i.e., fSW = fFMR + λexk

2. This would lead to
A = (30.26± 3.93) pJ/m which drastically overestimates
the actual value of the symmetric exchange constant.
Second, for an adequate analysis of the results, the

importance of the dipolar interaction is illustrated bet-
ter by a separate presentation of the dipolar contribu-
tion. It is shown by the dashed red line in Fig. 2b).
This curve is a plot of the dispersion relation with the
parameters obtained from the fit of the full dispersion
relation but with the symmetric exchange constant A set
to zero. The dipolar contribution is linear in the spin-
wave wave vector to very good approximation and is def-
initely of importance despite the very small film thick-
ness. For the maximum spin-wave wave vector probed
(kmax), it amounts to approximately 200MHz. Thus,
with fSW(kmax) − fFMR ≈ 600MHz, the dipolar contri-
bution amounts to roughly one third of this shift.
Again, the dotted red curve in Fig. 2b) is the above-

mentioned parabolic spin-wave dispersion with the ex-
change constant as extracted from the fit of the full dis-
persion relation. It underlines, on the one hand, the
fact that the parabolic model for the symmetrized disper-
sion relation is an incomplete approach and, on the other
hand, that the contribution of the dipolar interaction to
the dispersion relation cannot be neglected. Please note
in this context, that the full dispersion relation is not the
sum of the dipolar and exchange contribution but it is
more complex as visible from eq. 1.
The influence of the antisymmetric exchange interac-

tion, i.e., the DMI, is extracted according to eq. 6. These
data, which are presented in Fig. 3, show the frequency
difference of the spin waves under reversal of the sign of
the wave vector which linearly increases with the abso-
lute value of the wave vector. With the above-mentioned
value for MS and with the film thickness of t = 0.6 nm,
the values for the DMI constant obtained from the Stokes
data and the anti-Stokes data agree very well within their
respective error bars. We obtain

D = +(1.33± 0.09)mJ/m2

DS = +(0.80± 0.06)pJ/m.

Ma et al.57 found a DMI constant of |DS| = 0.97 pJ/m
using BLS for a CoFeB/Pt interface with the same CoFeB
composition as for the samples under investigation in this

work. This result is in reasonable agreement with our
findings.
Additionally, we find µ0HU = (1.198± 0.038)T which

is smaller than µ0MS = 1.744T confirming the in-plane
anisotropy of the film under investigation.

W/CoFeB/MgO

Similar measurements as for the Pt/CoFeB/MgO film
have been performed for the W/CoFeB/MgO film. From
a field-sweep BLS measurement (not shown) in which a
softening can be observed58, it is found that this film fea-
tures a perpendicular magnetic anisotropy (PMA). Mea-
surements are performed at an applied field strength of
|µ0Hext| = 400mT such that the film is saturated in its
plane.
The symmetrized dispersion relation extracted from

BLS measurements performed with the W/CoFeB/MgO
sample is shown in Fig. 4. Its remarkable flatness is
a consequence of the interplay between symmetric ex-
change, the dipolar interaction, and the PMA causing a
backward curvature which is clearly visible in the cor-
responding fit curve depicted by the solid black line in
Fig. 4. For the fit, we again kept the saturation magne-
tization constant. The film thickness is t = 0.6 nm and
the applied magnetic field is µ0Hext = 400mT. With
that, we obtain A = (15.00± 2.82) pJ/m for the symmet-
ric exchange constant which is in good agreement with
the value found for Pt/CoFeB/MgO. For the uniaxial
anisotropy field we find µ0HU = (2.047± 0.001)T. The
value µ0Hsat = µ0HU−µ0MS = 302mT corresponds well
to the value of the applied field at which the maximum
softening has been observed in the field-sweep measure-
ment (not shown). Hence, the first remarkable difference
when compared to the Pt/CoFeB/MgO sample is the
presence of a significantly larger PMA in the W-based
stack.
The DMI constant is again obtained by analyzing the

frequency shift fasym under reversal of the spin-wave
wave vector. The corresponding data is shown in Fig. 5
together with linear fits used to evaluate the DMI con-
stant. It turns out that the frequency shift is significantly
smaller than that observed for the Pt-based stack. Both
the values for the DMI constant obtained from the Stokes
and anti-Stokes data, respectively, agree very well and
the obtained values are

D = +(0.06± 0.03)mJ/m2

DS = +(0.04± 0.02) pJ/m.

Thus, the DMI is much weaker in the W-based thin
film than in the Pt-based one even though both Pt and
W are elements with a large spin-orbit coupling. Hence,
both elements could be expected to induce a pronounced
iDMI in the adjacent magnetic layers13,24. However, this
seems not to be the case for the W-based stack inves-
tigated in our experiments. Possible reasons might be
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Figure 2. (color online) a) Measured spin-wave frequency (black dots) and analytical model of the full dispersion relation
(cf. eq. 1). For the model, the symmetric exchange constant obtained from the fit in Fig. 2b) and the DMI constant obtained
from the fits in Fig. 3 have been used. b) Symmetrized spin-wave dispersion relation (black dots) and a fit only including
symmetric exchange interaction (blue curve). The red solid line is a fit of eq. 7 resulting in A = (17.60 ± 3.14) pJ/m. The
red dashed line is the dipolar contribution and red dotted line is the (symmetric) exchange contribution to the dispersion,
respectively.
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Figure 3. (color online) Difference in the peak position of the
Stokes and the anti-Stokes peak under reversal of the spin-
wave wave vector. The measured values clearly exhibit a lin-
ear dependence which is in accordance with the DMI-induced
frequency shift to the dispersion relation being linearly depen-
dent on the wave vector. We find D = +(1.33 ± 0.09) mJ/m2.
CoFeB stands for the composition Co20Fe60B20.

a dependence of the strength of the induced interfacial
DMI on the phase of the tungsten layer59.

Multirepeat samples

Besides single layers, also magnetic multilayers are of
large interest, in particular, since they improve the sta-
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Figure 4. (color online) Symmetrized spin-wave dispersion
relation measured at an externally applied magnetic field
strength of 400mT in the W/CoFeB/MgO sample. The black
solid line is a fit of the dispersion relation according to eq. 1.
From the fit we obtain A = (15.00 ± 2.82) pJ/m. The flat
character in the wave-vector range covered is consequence of
the interplay between PMA, symmetric exchange and dipolar
interaction.

bility of skyrmions10.
We note that in the multirepeat samples under in-

vestigation, we observe a significantly weaker BLS sig-
nal as compared to the single layer resulting in a
larger uncertainty of the obtained sample properties.
We choose an externally applied magnetic field of
µ0Hext = ±350mT for the Pt/CoFeB-based multilayer
and µ0Hext = ±400mT for the W/CoFeB-based multi-
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for an estimation of the DMI constant. We find D =
(1.15± 0.57)mJ/m2 for the Pt/CoFeB-based multilayer and
D = (0.03± 0.08)mJ/m2 for the W/CoFeB-based multilayer,
respectively. CoFeB stands for the composition Co20Fe60B20.

layer to perform wave-vector resolved measurements ac-
cording to the same procedure as described above for the
investigation of the single layers. From an analysis of the
Stokes signal similar to the single repeats, we obtain the
results depicted in Fig. 6.

Again, we find a linear increase in the difference be-
tween the peak positions under a reversal of the field
with an increase of the spin-wave wave vector. Fitting
eq. 6 to the data obtained from the Pt/CoFeB-based

multilayer, we find a DMI constant of

D = +(1.15± 0.57)mJ/m2

which is in agreement with the DMI strength found for
a single stack of Pt/CoFeB/MgO within the error bars.
This result is in accordance with the assumption that
the individual magnetic layers of the multirepeat stack
are exchange decoupled and have the same properties as
the magnetic layer in the single stack samples.
The same is true for the multirepeat stack based on

W/CoFeB. In this case, we find a DMI constant of

D = +(0.03± 0.08)mJ/m2

which again is in agreement with the findings for the
single repeat sample.

Spin-wave lifetime

A parameter which can give further insight into the
material properties such as the damping is the lifetime τ
of a spin-wave mode with wave vector k, which in the case
of thin films is significantly influenced by the heavy metal
layer due to spin pumping60 and two-magnon scattering
at interface imperfections and, in addition, has been re-
ported to depend on DMI61. In concrete terms, DMI is
expected to cause a difference of the linewidth between
the Stokes and the anti-Stokes signal.
Via the phenomenological loss theory62, the lifetime

can be connected to the spin-wave dispersion relation49.
As given in the work of Brächer et al. 56 , in the absence of
DMI and for thin films with spin waves propagating per-
pendicularly to the magnetization direction, the lifetime
can be expressed as

τ0 =
1

2πα

[

γµ0

2π

(

Hext + λexk
2 −

HU

2
+

MS

2

)]−1

(8)

with the effective Gilbert damping parameter α. In the
BLS measurements, provided the signal linewidth is large
compared to the frequency resolution of the setup (≈
100MHz), the spin-wave lifetime is directly linked to the
signal linewidth δf via the relation

δf =
1

4πτ
. (9)

The presence of iDMI leads to a modification of the spin-
wave lifetime. With the DMI-induced frequency differ-
ence fasym (cf. eq. 6) between Stokes and anti-Stokes sig-
nals, the lifetime of the respective counterpropagating
waves (plus and minus sign, respectively) is found to be

τ± =
τ0

1±
fasym
fsym

(10)

with the frequencies fasym and fsym as defined in eqs. 6
and 7.
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Table I. Summary of the sample properties obtained in this work. For all films, MS = 1388 kA/m has been assumed. Numbers
in brackets denote layer thickness in nm.

D (mJ/m2) DS (pJ/m) A (pJ/m) HU (T)
Pt(5)/Co20Fe60B20(0.6)/MgO(2)/Ta(5) +1.33± 0.09 +0.797 ± 0.056 17.60 ± 3.14 1.198 ± 0.038

[Pt(5)/Co20Fe60B20(0.6)/MgO(2)]10/Ta(5) +1.15± 0.57 - - -
W(5)/Co20Fe60B20(0.6)/MgO(2)/Ta(5) +0.06± 0.03 +0.035 ± 0.020 15.00 ± 2.82 2.047 ± 0.001

[W(5)/Co20Fe60B20(0.6)/MgO(2)]10/Ta(5) +0.03± 0.08 - - -
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Figure 7. (color online) Signal linewidth of the Stokes (black squares) and the anti-Stokes (red circles) peak as a function of k
for a) µ0Hext = 200mT and b) µ0Hext = −200mT. Solid lines are calculated spin-wave lifetimes for non-zero DMI and both
propagation directions (black and red, respectively) and with D = 0 (blue). The Gilbert damping is set to α = 0.33. Lines
between experimental values are guides-to-the-eye.

The signal linewidth of Stokes and anti-Stokes signal
are shown in Figs. 7a) and b). The model curves are
the calculated lifetimes according to eqs. 8 and 10 with
an effective Gilbert damping parameter of α = 0.33 and
D = 1.33mJ/m2. This value for the Gilbert damping
parameter is reasonable given the fact that the film under
investigation is ultrathin and that an adjacent Pt layer is
known to significantly enhance the Gilbert damping due
to spin pumping effects63,64. In order to quantify this
effect, we estimate the contribution of spin pumping to
the total Gilbert damping. It can be expressed as65

αSP =
γ~

4πMSt
g↑↓eff (11)

with ~ = h/(2π) where h is Planck’s constant, and

the spin mixing conductance g↑↓eff . For the spin mixing
conductance, a value of 4× 10−19 m−2 is being reported
for a Co/Pt interface66 as well as for a Co20Fe60B20/Pt
interface64. With this, we can estimate the spin pumping
damping enhancement to be αSP = 0.23. Accordingly,
the damping of the CoFeB layer, which is not caused
by spin pumping effects is about αint = 0.10. Thus, al-
though we can only estimate the different contributions,
we can state that spin pumping is likely the dominating
contribution to the overall damping.

Concerning the influence of the DMI on the linewidth,
we can state that, as expected, the asymmetry of the
linewidths of the Stokes and the anti-Stokes peaks in-
verts under field, i.e., wave-vector reversal. Further-
more, an increase of the linewidth towards higher spin-
wave wave vectors is visible. Thus, the systematic wave-
vector-dependent influence of the DMI on the spin-wave
linewidth can be clearly observed and is well in line with
results found elsewhere24,67.

CONCLUSION

In summary, from measurements of the thermal spin-
wave spectrum, we independently determined the DMI
constant and the symmetric exchange constant in ultra-
thin CoFeB layers deposited on Pt and W, respectively.
We find a strong DMI induced by the adjacent Pt layer,
whereas the W-based stack exhibits a surprisingly small
interfacial DMI constant. In addition, we show that the
contribution of the dipolar interaction to the dispersion
relation cannot be neglected, especially in the context of
an accurate extraction of the symmetric exchange con-
stant.
The parameters found for the multirepeat stacks are

in good agreement with the ones found for the single



8

repeat samples underlining the assumption of exchange-
decoupled magnetic layers in the multilayer samples. The
influence of DMI on the spin-wave properties can be also
traced by an analysis of the spin-wave lifetime.
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56 T. Brächer, O. Boulle, G. Gaudin, and P. Pirro,
Creation of unidirectional spin-wave emitters by uti-
lizing interfacial Dzyaloshinskii-Moriya interaction,
Physical Review B 95, 064429 (2017).

https://doi.org/10.1088/0022-3727/43/26/264002
https://doi.org/10.1088/0022-3727/43/26/264001
https://doi.org/10.1038/nphys3347
https://doi.org/10.1038/ncomms5700
https://doi.org/10.1063/1.4898042
https://doi.org/10.1088/0022-3727/48/1/015001
https://doi.org/10.1063/1.4958893
https://doi.org/10.1038/s41598-017-08114-7
https://doi.org/10.1063/1.4979840
https://doi.org/10.1088/0022-3727/42/20/205005
https://doi.org/10.1038/ncomms4727
https://doi.org/10.1063/1.4914506
https://doi.org/10.1063/1.4987007
https://doi.org/10.1126/sciadv.1701517
https://doi.org/10.1109/LMAG.2018.2803737
https://doi.org/10.1063/1.4904078
https://doi.org/10.1088/0022-3727/47/33/333001
https://doi.org/10.1063/1.4731273
https://doi.org/10.1002/pssr.201800409
https://doi.org/10.1063/1.4875927
https://doi.org/10.1103/PhysRevLett.106.036601
https://doi.org/10.1109/TMAG.2013.2262947
https://doi.org/10.1038/nnano.2013.145
https://doi.org/10.3389/fphy.2015.00035
https://doi.org/10.1103/PhysRevB.100.224419
https://doi.org/10.1103/PhysRevB.93.054430
https://doi.org/10.1103/PhysRevB.89.224408
https://doi.org/10.1103/PhysRevB.95.064429


10

57 X. Ma, G. Yu, C. Tang, X. Li, C. He, J. Shi,
K. L. Wang, and X. Li, Interfacial Dzyaloshinskii-
Moriya Interaction: Effect of 5d Band Filling
and Correlation with Spin Mixing Conductance,
Physical Review Letters 120, 157204 (2018).

58 Stamps and Hillebrands, Dipole-exchange modes in thin
ferromagnetic films with strong out-of-plane anisotropies,
Physical Review B 43, 3532 (1991).

59 K.-U. Demasius, T. Phung, W. Zhang, B. P. Hughes, S.-H.
Yang, A. Kellock, W. Han, A. Pushp, and S. S. P. Parkin,
Enhanced spin-orbit torques by oxygen incorporation in
tungsten films, Nature Communications 7, 10644 (2016).

60 Y. Tserkovnyak, A. Brataas, G. E. W. Bauer,
and B. I. Halperin, Nonlocal magnetization
dynamics in ferromagnetic heterostructures,
Reviews of Modern Physics 77, 1375 (2005).

61 K. Zakeri, Y. Zhang, T.-H. Chuang, and
J. Kirschner, Magnon lifetimes on the Fe(110)
surface: the role of spin-orbit coupling,
Physical Review Letters 108, 197205 (2012).

62 D. D. Stancil and A. Prabhakar, Spin Waves: Theory and

applications (Springer, New York, NY, 2009).

63 Y. Tserkovnyak, A. Brataas, and G. E. W. Bauer, En-
hanced Gilbert Damping in Thin Ferromagnetic Films,
Physical Review Letters 88, 117601 (2002).

64 A. Ruiz-Calaforra, T. Brächer, V. Lauer, P. Pirro,
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