
J. Appl. Phys. 132, 213906 (2022); https://doi.org/10.1063/5.0125699 132, 213906

© 2022 Author(s).

Spin pumping at interfaces with ferro- and
paramagnetic Fe60Al40 films acting as spin
source and spin sink
Cite as: J. Appl. Phys. 132, 213906 (2022); https://doi.org/10.1063/5.0125699
Submitted: 13 September 2022 • Accepted: 29 October 2022 • Published Online: 02 December 2022

T. Strusch,  K. Lenz, R. Meckenstock, et al.

ARTICLES YOU MAY BE INTERESTED IN

Spin-pumping investigations in as-deposited and 400 °C annealed Co60Fe20B20/Mo

heterostructures
Journal of Applied Physics 132, 213905 (2022); https://doi.org/10.1063/5.0123207

Spin-wave spectra in antidot lattice with inhomogeneous perpendicular magnetic anisotropy
Journal of Applied Physics 132, 213901 (2022); https://doi.org/10.1063/5.0128621

Interaction between magnon and skyrmion: Toward quantum magnonics
Journal of Applied Physics 132, 210702 (2022); https://doi.org/10.1063/5.0121314

https://images.scitation.org/redirect.spark?MID=176720&plid=1817972&setID=378286&channelID=0&CID=668197&banID=520703472&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=5e5b24fe487255bebf407dc8b9c33e4ba6873140&location=
https://doi.org/10.1063/5.0125699
https://doi.org/10.1063/5.0125699
https://aip.scitation.org/author/Strusch%2C+T
http://orcid.org/0000-0001-5528-5080
https://aip.scitation.org/author/Lenz%2C+K
https://aip.scitation.org/author/Meckenstock%2C+R
https://doi.org/10.1063/5.0125699
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/5.0125699
http://crossmark.crossref.org/dialog/?doi=10.1063%2F5.0125699&domain=aip.scitation.org&date_stamp=2022-12-02
https://aip.scitation.org/doi/10.1063/5.0123207
https://aip.scitation.org/doi/10.1063/5.0123207
https://doi.org/10.1063/5.0123207
https://aip.scitation.org/doi/10.1063/5.0128621
https://doi.org/10.1063/5.0128621
https://aip.scitation.org/doi/10.1063/5.0121314
https://doi.org/10.1063/5.0121314


Spin pumping at interfaces with ferro- and
paramagnetic Fe60Al40 films acting as spin
source and spin sink

Cite as: J. Appl. Phys. 132, 213906 (2022); doi: 10.1063/5.0125699

View Online Export Citation CrossMark
Submitted: 13 September 2022 · Accepted: 29 October 2022 ·
Published Online: 2 December 2022

T. Strusch,1 K. Lenz,2 R. Meckenstock,1 R. Bali,2 J. Ehrler,2 J. Lindner,2 J. Fassbender,2,3 M. Farle,1

K. Potzger,2 and A. Semisalova1,a)

AFFILIATIONS

1Faculty of Physics and Center for Nanointegration Duisburg-Essen (CENIDE), University of Duisburg-Essen 47057

Duisburg, Germany
2Helmholtz-Zentrum Dresden-Rossendorf, Institute of Ion Beam Physics and Materials Research, 01328 Dresden, Germany
3Institute of Solid State and Materials Physics, Technische Universität Dresden, 01069 Dresden, Germany

a)Author to whom correspondence should be addressed: anna.semisalova@uni-due.de

ABSTRACT

We present a study of spin pumping efficiency and determine the spin mixing conductance and spin diffusion length in thin bilayer films
based on 3d transition metal alloy Fe60Al40. Due to its magnetostructural phase transition, Fe60Al40 can be utilized as a ferromagnetic (FM)
or paramagnetic (PM) material at the same temperature depending on its structural order; thus a thin Fe60Al40 film can act as a spin source
or a spin sink when interfaced with a paramagnet or a ferromagnet, respectively. Ferromagnetic resonance measurements were performed in
a frequency range of 5–35 GHz on bilayer films composed of FM–Fe60Al40/Pd and PM–Fe60Al40/Ni80Fe20 (permalloy). The increase in
damping with the thickness of the paramagnetic layer was interpreted as a result of spin pumping into the paramagnet. We determine the
spin mixing conductance g"#Pd ¼ (3:8+ 0:5)� 1018 m�2 at the FM–Fe60Al40/Pd interface and the spin diffusion length λPd ¼ 9:1+ 2:0 nm
in Pd. For the PM–Fe60Al40/permalloy interface, we find a spin mixing conductance g"#FeAl ¼ (2:1+ 0:2)� 1018 m�2 and a spin diffusion
length λFeAl ¼ 11:9+ 0:2 nm for PM–Fe60Al40. The demonstrated bi-functionality of the Fe60Al40 alloy in spin pumping structures may be
promising for spintronic applications.

© 2022 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0125699

I. INTRODUCTION

Electronic devices based on utilization of spin currents repre-
sent a new generation of energy-efficient technology for ultrafast
data processing. So-called pure spin currents (i.e., without the asso-
ciated flow of electric charge in the circuit) can be produced via
spin pumping—a transfer of angular momentum from a ferromag-
netic layer to a metallic para- or diamagnet (PM, DM), often
referred to as “normal” or “non-magnetic” metal—by microwave
excitation of magnetization precession in the ferromagnet (FM).
The latter is called ferromagnetic resonance (FMR).1–5 Induced
spin currents can be detected by the conversion to charge currents
via the inverse spin Hall effect6 as well as via FMR.3,4,7–10 In the
latter case, spin pumping is associated with the flow of spin angular

momentum, which increases the spin relaxation rate and enhances
the effective damping in the FM film.3,4,9–13

Characteristic quantities to estimate the spin pumping effi-
ciency at FM/PM interfaces are the spin mixing conductance g"#

and the spin diffusion length λsd . The former describes an interfa-
cial dependent parameter of angular momentum transfer across the
FM/PM interface. The latter describes the length scale of decay of
the injected spin-current density into the adjacent non-
ferromagnetic layer due to spin diffusion and relaxation.14

Both insulating [Y3Fe5O12 (YIG), Tm3Fe5O12 (TmIG)]15–17

and metallic ferromagnets (e.g., permalloy Py, Fe, Co, CoFeB, and
FeRh)18–23 have been used as spin sources, whereas metals with
strong spin–orbit coupling10,24–26 are usually used as spin-sink
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layers. Important to note hybrid structures where both spin source
and spin detector are made of ferromagnetic materials,27,28 e.g., a
spin current was injected from YIG into Py via a thermal gradient.29

The interfacial spin transport was investigated with various types of
non-ferromagnetic layers—such as semiconductors,30,31 Rashba
interfaces,32 and topological insulators.33–35 Recently, the focus has
been extended to paramagnetic alloys,7,36,37 which joined the family
of confirmed spin sink materials inducing spin–orbit torque.

Here, we utilize the magnetostructural phase transition in the
3d metal binary alloy Fe60Al40 (FeAl) whose magnetic properties
can be tuned via the change of the structural order38–43 and investi-
gate the dual role of a thin Fe60Al40 film as a spin source and a
spin sink. Fe60Al40 alloy is known to form a B2-ordered intermetal-
lic phase (CsCl-type) in thermal equilibrium,44 which is paramag-
netic at room temperature. Chemical disorder of the structure, i.e.,
formation of antisite defects, induces ferromagnetism associated
with the increase in Fe–Fe nearest neighbors in an A2 structure
and a lattice expansion.42

Structural disorder can be achieved during the deposition of
thin films at room temperature without subsequent annealing. In
situ annealing of sputtered films leads to formation of B2-ordered
state which is paramagnetic at room temperature. B2-FeAl can be
“switched” to the ferromagnetic state using mechanical deforma-
tion,45 ion irradiation,38,40 or fs laser pulses.46 The laser-driven struc-
tural order–disorder transition allows for reversible writing and
erasing of ferromagnetic regions in thin films.46 Thus, taking advan-
tage of the disorder-induced magnetization in FeAl, we address
room temperature interfacial spin pumping in bilayer structures
where, depending on its chemical structure, the FeAl thin film is
implemented as ferromagnetic layer (spin source) or as paramagnetic
layer (spin sink) and interfaced with two other metals commonly
used for spin pumping experiments—Pd and permalloy Ni80Fe20. In
the following, we define the ferromagnetic state of Fe60Al40 as spin
source, emitting into an adjacent layer, and the paramagnetic state of
Fe60Al40 as spin sink into which a spin current is pumped from a
ferromagnetic material. We perform FMR measurements on a series
of samples with different thickness of the PM layer, investigate an
increase of the damping constant due to spin pumping, and

determine the spin mixing conductance and the spin diffusion
length for FM–Fe60Al40/Pd and PM−Fe60Al40/Py bilayers.

II. EXPERIMENT

The polycrystalline Fe60Al40, Py, and Pd films were sputter-
deposited from alloy and elemental targets, respectively, onto a Si
(100) substrate with a 250-nm-thick amorphous SiO2 buffer layer.
The chamber base pressure was p = 2 × 10−9 mbar (2 × 10−9 hPa).
The magnetron sputtering was performed at room temperature in
argon atmosphere of 3 × 10−3 mbar. The Fe60Al40 thin films depos-
ited at room temperature have a chemically disordered A2 structure,
which is ferromagnetic. Post-annealing in situ at 500 °C for 1h leads
to the chemically ordered, non-ferromagnetic B2 structural phase.42

Two sets of thin film bilayer samples have been investigated: (i) fer-
romagnetic 5-nm-thin A2-Fe60Al40 films capped with 2–10 nm Pd
films, which were deposited at room temperature directly after FeAl
deposition and (ii) 5-nm-thin Py films grown on top of an annealed
paramagnetic B2-Fe60Al40 film of 5–20 nm thickness (see Fig. 1). In
the latter case, the Py films have been deposited after in situ anneal-
ing of the FeAl films. Single 5-nm-thick FM A2-FeAl and Py films
grown on Si/SiO2 were used as a reference.

The broadband FMR measurements were performed at room
temperature in the frequency range of 5–35 GHz. The samples were
placed flip-chip on the center of a coplanar waveguide (CPW) con-
nected to a Vector Network Analyzer (VNA, Agilent). By applying
a microwave excitation on the sample, the amplitude and phase of
CPW transmission signal is detected, which is usually called the
complex scattering parameter S21. The S21 parameter was recorded
at a fixed frequency as a function of the magnetic field applied in
in-plane as well as out-of-plane direction. By fitting each spectrum
with a complex Lorentzian function,47 the resonance field positions
Bres and the peak-to-peak linewidth ΔBpp values were determined
and analyzed in terms of g-factor, effective magnetization, and
damping parameter. To resolve the spin pumping contribution, we
determined the frequency-dependent linewidth measured in an
out-of-plane magnetic field in order to exclude the non-linear con-
tributions to the linewidth such as two-magnon scattering and

FIG. 1. Schematic representation of the investigated samples: (a) 5 nm thick ferromagnetic A2-disordered Fe60Al40 films capped with a Pd film of x = 2–10 nm thickness;
(b) uncapped 5 nm A2-Fe60Al40 reference sample; (c) 5 nm Py films grown on top of paramagnetic B2-ordered Fe60Al40 film of thickness x = 5–20 nm; (d) 5 nm Py refer-
ence sample grown directly on Si/SiOx substrate; (e) schematic of the VNA-FMR setup showing the coplanar waveguide and thin film sample in an out-of-plane applied
static magnetic field for measuring a transmitted signal S21.
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mosaicity.48 The dissipation and related broadening of linewidth
due to eddy currents was neglected since the film thickness was
smaller than the skin depth at FMR frequencies.

Static magnetic properties have been investigated using a
Quantum Design MPMS system by recording M(H) hysteresis
loops at room temperature, which were normalized with respect to
the volume of the ferromagnetic film.

III. RESULTS AND DISCUSSION

Figures 2(a) and 2(b) exemplary show out-of-plane FMR
spectra measured at a frequency of 9.5 GHz for the two sample sets
as sketched in Fig. 1. Figure 2(a) shows the spectrum of the
uncapped as-grown 5 nm FM A2-FeAl film (blue line) and the one
with 10 nm Pd cap layer (red). Figure 2(b) presents spectra of the
single 5 nm Py film (blue) and a bilayer of 10 nm PM B2-FeAl/
5 nm Py (red). One can observe an opposite shift of the resonance
position and a change of the linewidth for the series based on FM
and PM FeAl, which might be counterintuitive at the first glance
but will be explained later on.

The resonance field as a function of the microwave frequency
f in the out-of-plane geometry without cubic anisotropy is given by
the Kittel equation49,50

B?
res(f ) ¼

2πf
jγj þ μ0Meff , (1)

where γ ¼ (gμB)/�h is the gyromagnetic ratio, g is the Landé g-factor,
μB is the Bohr magneton, and �h is the reduced Planck constant. The
effective magnetization is given by μ0Meff ¼ μ0MS � μ0Hk, where MS

is the saturation magnetization and μ0Hk ¼ 2K2?/MS is the perpen-
dicular anisotropy field with K2⊥ being the perpendicular uniaxial
magnetic anisotropy constant (often denoted as Ku). The g-factor and
the effective magnetization values were extracted by fitting the

experimental frequency dependence of the resonance field Bres accord-
ing to Eq. (1) for each sample. The damping parameter α was evalu-
ated from the frequency dependence of the linewidth ΔBpp using the
experimentally determined g-factor and the following relation:

ΔBpp(f ) ¼ 4παffiffiffi
3

p jγj f þ ΔB0, (2)

where ΔB0 is the frequency-independent inhomogeneous broadening
due to structural and magnetic inhomogeneities of the sample.

Using reference measurements of the FM layers only, i.e.,
without adjacent spin-sink layers, the intrinsic Gilbert damping αint
and the spin-pumping contribution can be separated.51 Thus, the
total damping is given by10,25,52

α ¼ αint þ gμB
g"#

4πMS

1
tFM

1� e�
2tPM
λPM

� �
, (3)

where g"# denotes the spin mixing conductance of the FM/PM
interface, tFM and tPM are the FM’s and PM’s thickness, respec-
tively, and λPM is the spin diffusion length of the PM. The term in
brackets accounts for a partial backflow of spin current at the inter-
face, which depends on the thickness and the spin diffusion length
of the adjacent layer.10 We used the following values of saturation
magnetization obtained from magnetometry at room temperature:
MS ¼ 650+ 70 kA/m for 5 nm FM–Fe60Al40 and 690+ 50 kA/m
for 5 nm Py, similar to the ones reported earlier.53,54

The reference measurements revealed intrinsic Gilbert damping
parameters αint of (5:04+ 0:11)� 10�3 for 5 nm FM–Fe60Al40 and
(8:53+ 0:15)� 10�3 for the 5 nm Py thin film. The damping
parameter of the thin Py layer is in good agreement with the previ-
ously reported values of 8:5� 10�3for 7 nm thickness.31

FIG. 2. (a) FMR spectra of the 5-nm-thick ferromagnetic A2-Fe60Al40 film: uncapped (blue) and capped with 10 nm Pd (red); (b) FMR spectra of 5-nm-thick Py films:
single (blue) and bilayer with 10 nm paramagnetic B2-Fe60Al40 (red). All spectra were measured in the magnetic field applied in the out-of-plane direction at a frequency of
9.500 GHz and room temperature.
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A. A2-disordered ferromagnetic Fe60Al40 as a spin
source

First, spin pumping in the bilayer system FM–FeAl/Pd
[Figs. 1(a) and 1(b)] was studied to determine the spin diffusion
length of Pd and the spin mixing conductance at the interface with
as-grown A2-FeAl. Figures 3(a) and 3(b) show the frequency
dependence of the resonance field Bres and the linewidth ΔBpp of
the uncapped 5 nm thick FM−FeAl film and of the films capped
with a 2, 3, 5, and 10 nm Pd layer. The g-factor and the effective
magnetization [Figs. 3(c) and 3(d)] have been extracted by fitting
the data according to Eq. (1). The g-factor of the single FM−FeAl
film is 2:042+ 0:002, while for Pd-capped films it increases by
0.3% to 2:048+ 0:002, remaining independent of the Pd thickness
within the error bar. This increase is related to the change in the
ratio of the effective spin to orbital magnetic moment due to Pd
capping.55,56 Also, the polarization of Pd at the interface may play a
role—similarly to the observations in Fe/V superlattices.57

This interpretation is supported by the observed decrease in
the effective magnetization [Fig. 3(d)] most likely due to a change
in the magneto-crystalline anisotropy.58 Additionally, on the
surface of non-capped FM–FeAl, a self-passivating oxide layer is
formed, which affects the contribution of the surface anisotropy to
the effective magnetization [Fig. 3(d)], seen as a shift of the reso-
nance field for the uncapped film in Fig. 3(a). Based on the FMR
and magnetometry data, we determined the anisotropy field

2K2⊥/Ms of �61+ 7 mT for uncapped 5 nm FM–FeAl films and
34+ 4 mT for Pd-capped films, which is similar to the values
reported in our previous work on 40 nm FM–FeAl films, where fer-
romagnetic ordering has been introduced via neon ion irradiation
with the energy 17.5–30 keV.40

The ferromagnetic resonance peak-to-peak linewidth ΔBpp vs
frequency [Fig. 3(b)] fitted accordingly to Eq. (2) reveals an inhomo-
geneous broadening of 6:1+ 0:4 mT for the uncapped film and of
2:4+ 0:5 mT for all capped films [Fig. 3(e)]. This explains why the
linewidth of the uncapped FM–FeAl film in Fig. 2(a) was counterin-
tuitively larger than the one with the spin sink on top. After subtrac-
tion of the inhomogeneous line broadening, an increase in the linear
slope (corresponding to α) as a function of the capping layer thick-
ness caused by the spin pumping can be seen. This increase in the
Gilbert-like damping α is shown in Fig. 4 in detail. The spin mixing
conductance g"#Pd ¼ (3:8+ 0:5)� 1018 m�2 of the FM–Fe60Al40/Pd
bilayer and the spin diffusion length λPd ¼ 9:1+ 2 nm of Pd was
evaluated from the dependence of α as a function of Pd thickness
tPd according to Eq. (3). The possible error in evaluation of satura-
tion magnetization (passivating layer, inaccuracy in the evaluation of
the FM layer volume) is accounted for by giving a larger error bar
for g"#Pd .

59

The spin diffusion lengths of Pd reported in the literature, e.g.,
λPd ¼ 8:6+ 1 nm for Co90Fe10(2)/Pd

60 are within the error bar of
our measurement. Previously reported values for the spin mixing

FIG. 3. (a) Resonance position as a function of frequency at room temperature, (b) frequency-dependent linewidth (symbols) and linear fit (solid line) according to Eq. (2)
for different Pd thickness on top of the 5 nm FM A2-Fe60Al40 thin film, (c) g-factor, (d) effective magnetization μ0Meff, and (e) inhomogeneous broadening ΔB0 of 5 nm FM
A2-Fe60Al40/Pd as a function of Pd layer thickness.
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conductance at Pd interfaces with different FM films are ranging
significantly due to varying interface conditions like the crystallinity
of the FM layer,61 the chemical composition,60 and the morphology
of the interface62 as well as due to varied detection methods.

The obtained spin mixing conductance of the FM–FeAl/Pd inter-
face is comparable to the reported value for Fe/Pd.52 A broad varia-
tion within the published values of g"#Pd in case of Fe/Pd as well as
Py/Pd interfaces might also be ascribed to the alloying and the
change of interface roughness in capped films. Our study shows
that an A2-disordered FM–FeAl alloy can generate a spin pumping
into an adjacent paramagnetic layer, which is confirmed by FMR
and the determination of the spin-diffusion length of Pd.

B. B2-ordered paramagnetic Fe60Al40 as a spin sink

Our next step was to investigate spin pumping in thin film
bilayers where Fe60Al40 is used in its B2-ordered paramagnetic state
as a spin sink [Fig. 1(c)]. FMR measurements as described above
were performed on the series of 5 nm thin Py films grown on top
of the paramagnetic B2-FeAl films of varied thickness as summa-
rized in Fig. 5. Based on the analysis of the resonance field and fre-
quency [Fig. 5(a)] using Eqs. (1) and (2), the values of g-factor and
Meff of the Py films with and without PM–FeAl layer were found
[Figs. 5(c) and 5(d)].

The g-factor for the single Py film grown directly on a Si/SiOx

substrate is g ¼ 2:098+ 0:001, which is in good agreement with
the value reported by Shaw et al., who showed that the g-factor of
Py for the out-of-plane geometry is decreasing with the reciprocal
thickness, leading to a smaller g-factor than the bulk value of
gbulkPy ¼ 2:109+ 0:003.63

FIG. 4. Damping parameter α of 5 nm FM A2-Fe60Al40 films in dependence of
the Pd capping layer thickness. The solid red line indicates the fit according to
Eq. (3). The dashed blue line shows the intrinsic damping contribution of the fer-
romagnetic Fe60Al40 layer without capping.

FIG. 5. (a) Resonance position as a function of frequency at room temperature, (b) frequency-dependent linewidth (symbols) of 5 nm Py and linear fit (solid line) according
to Eq. (2) for different thickness of the underlying PM–Fe60Al40 layers, (c) g-factor, (d) effective magnetization μ0Meff, and (e) inhomogeneous broadening ΔB0 as a function
of the B2-ordered PM–Fe60Al40 underlayer thickness.
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When a Py film is deposited on top of the B2-ordered
PM–FeAl, the g-factor decreases to g ¼ 2:084+ 0:002 and remains
constant within the error bar for the presented FeAl layer thickness
range [Fig. 5(c)]. In contrast, the effective magnetization of the Py
film was found to be higher for the bilayer samples reaching the
value of 0:83+ 0:01 T while for single Py layer it was
0:78+ 0:01 T. Both these values are reduced in comparison to the

bulk permalloy saturation magnetization (μ0M
Py bulk
S ¼ 1 T) and

obtained here for 5 nm Py film (μ0M
Py 5 nm
S ¼ 0:867 T), which

implies a positive perpendicular magnetic anisotropy field 2K2⊥/Ms

known for thin films.64,65 The perpendicular magnetic anisotropy
is decreasing for the PM–FeAl/Py bilayer in comparison to single
Py films, which is also consistent with a decrease in the g-factor.
We assume this reversed effect of an adjacent PM layer on the
g-factor [Fig. 5(c)] and effective magnetization [Fig. 5(d)] in con-
trast to the FM–FeAl/Pd bilayers [Figs. 3(c) and 3(d)] is due to the
increase in the ratio of spin-to-orbital magnetic moment.

The analysis of the peak-to-peak linewidth ΔBpp vs frequency
[Fig. 5(b)] fitted to Eq. (2) reveals an inhomogeneous broadening
of 1:6+ 0:1 mT for the single 5 nm Py film grown on Si/SiOx and
8:2 to 2:8+ 0:5 mT for the 5 nm Py films grown on top of PM–
FeAl, prominently decreasing with FeAl thickness [Fig. 5(e)], which
might be associated with the improved surface roughness of the
thicker films. After subtraction of the inhomogeneous broadening,
the increase of the linear slope with increasing thickness of the
PM–FeAl interfaced with the Py film is evident (Fig. 6).
Both parameters g"#FeAl of the PM B2-FeAl/Py interface and λFeAl of
PM–FeAl were determined. According to Eq. (3), one obtains
g"#FeAl ¼ (2:1+ 0:2)� 1018 m�2 and λFeAl ¼ 11:9 + 0:2 nm.

When interfaced with Py, PM–Fe60Al40 exhibits an almost
31% larger spin diffusion length as compared to Pd, which is con-
sistent with the smaller spin–orbit coupling in the PM–Fe60Al40
alloy. The spin mixing conductance of PM–FeAl/Py is smaller as

compared to the FM–FeAl/Pd interface. Since the formation of an
interfacial oxide layer between PM–FeAl and Py during deposition
is excluded, we attribute the determined value g"#FeAl to intrinsic
properties of the interface, as described above. A significant varia-
tion of the inhomogeneous broadening of the Py resonance line
depending on the thickness of the underlying PM–FeAl layer
might indicate a non-vanishing role of surface roughness, which in
turn affects the transparency of the interface for the spin current.62

Currently, we conclude that the Fe60Al40 alloy in a paramagnetic
B2-ordered state can be used as spin sink in spin pumping
experiments.

Summarizing, spin pumping experiments performed on two
sets of bilayer samples, i.e., FM–FeAl/Pd and PM–FeAl/Py with an
identical chemical composition of Fe60Al40, demonstrate the
bi-functionality of this alloy in spintronics and show that it can be
used as a spin source and spin sink at room temperature depending
on its structural order. Engineering an interface design, e.g., by
combining FM–Fe60Al40 and PM–Fe60Al40 as a bilayer as well as
laterally patterned nanostructures by ion-beam41 or laser irradia-
tion,46 might be a promising approach to generate pure spin cur-
rents via spin pumping.

IV. CONCLUSIONS

The spin pumping efficiency of the Fe60Al40 alloy in bilayer
systems acting as a spin source and as a spin sink when formed
in A2/B2 structural order has been studied using FMR. Fe60Al40
layers were prepared in the A2-disordered ferromagnetic state
and in the B2-ordered paramagnetic state and interfaced with
thin films of Pd and Py (Ni80Fe20), respectively. We determined
the spin mixing conductance g"#Pd ¼ (3:8+ 0:5)� 1018 m�2 of
the FM–Fe60Al40/Pd interface and the spin diffusion length
λPd ¼ 9:1+ 2 nm in Pd as well as the spin mixing conductance
g"#FeAl ¼ (2:1+ 0:2)� 1018 m�2 of the PM–Fe60Al40/Py interface
and the spin diffusion length λFeAl ¼ 11:9+ 0:2 nm in
PM–Fe60Al40. The possibility to use Fe60Al40 thin films of the
same chemical composition at room temperature as spin sink
and spin source may add an additional degree of freedom in the
design of spintronic and magnonic devices based on the genera-
tion, manipulation, and detection of pure spin currents.
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