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The ferroelectric topological crystalline insulator SnTe is a promising material for ferronics and spintronics
studies and applications because of the strong spin-orbit coupling and surface states protected by the mirror
symmetry of the crystal. In this paper, we report ferromagnetic resonance-driven spin-pumping experiments
in several bilayers and trilayers having one layer of SnTe with thickness varying in the range 3-30 nm and
different ferromagnetic layers used to inject the spin-pumped spin current. In all samples x-ray-diffraction
spectra strongly indicate that the SnTe films grown are topological crystalline insulators and consequently have

preserved topological surface states. The spin-pumping studies reveal that the dominant spin to charge conversion
mechanism in SnTe is the inverse Rashba-Edelstein effect (IREE), evidencing that the topological surface states
are preserved. From the data in all samples, we obtain for the IREE parameter values in the range 1.1-2.8 pm,
which are comparable to the ones measured in graphene, Bi,Ses, and others topological insulators.

DOI: 10.1103/PhysRevB.110.014444

I. INTRODUCTION

Magnetic materials are at the root of the field of spintronics
that has been one of the most active areas of research in mag-
netism in the last two decades [1-13]. In many areas of this
field the elementary excitations of the spins, called spin waves
or magnons, play an essential role in the mechanism of intri-
cate phenomena, such as the spin Seebeck effect [14-24]. The
fact that magnetism and ferroelectricity break, respectively,
time-reversal and space-inversion symmetry [25,26], has stim-
ulated proposals of analogies of phenomena in the two areas.
While in magnets the magnetic dipoles order below some
critical temperature, in ferroelectrics, the ordering occurs with
the electric dipoles, also below some critical temperature.
Recently it has been proposed that the elementary excitations
of the electric polarization in ferroelectric materials, which
have been called ferrons, might play a role similar to magnons
in some phenomena in nanostructures [27-32].

One class of ferroelectrics that has been attracting at-
tention falls in the category of topological insulators (TIs),
which are characterized by the emergence of surface metal-
lic states. These are called topological surface states, which
exhibit peculiar properties such as massless fermions on the
Dirac-shape band dispersion, and spin-momentum locking
[33-39]. One important material of this class is SnTe, which
is semiconducting at room temperature [40—45]. Furthermore,
its designation as a topological crystalline insulator is high-
lighted by the manifestation of crystal symmetry-protected
topological surface states [45—47]. These surface states exhibit
metallic characteristics, featuring an intriguing arrangement
of an even number of Dirac cones on high-symmetry
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crystal surfaces such as {001}, {110}, and {111} [33,36].
This distinctive electronic configuration imparts SnTe with re-
markable properties, making it a subject of intense studies and
explorations. Moreover, SnTe distinguishes itself as a novel
multifunctional material, referred to as ferroelectric Rashba
semiconductor [48]. The moniker stems from the material’s
unique combination of ferroelectric and Rashba spin-splitting
properties. These properties grant SnTe the ability to have a
controllable and switchable spin texture via an electric field
[49]. This groundbreaking characteristic opens up avenues for
applications in ferronics and spintronics indicating potential
links between topology and Rashba physics within the same
category of materials [49]. A few years ago, this material was
used in epitaxial Fe/SnTe multilayer structures to study spin
to charge current conversion in spin-pumping experiments
driven by ferromagnetic resonance [43]. By examining the
dependence of the measured voltage on the microwave power,
magnetic-field angle, and temperature, the authors concluded
that the conversion mechanism takes place in bulk SnTe by
means of the inverse spin Hall effect (ISHE) [50-54].

In this paper we report an investigation of the spin to
charge current conversion in SnTe by means of the mi-
crowave spin-pumping technique [54-59]. We have used
four different heterostructures, a simple bilayer of YIG/SnTe
(YIG-Y3Fes04,, yttrium iron garnet), a reference sam-
ple of YIG/Pt/Py (Py-permalloy-Nig Fej9), a trilayer of
YIG/SnTe/Py, and a trilayer of Co/SnTe/Py. The magnetiza-
tion precession produced by microwave-driven ferromagnetic
resonance (FMR) in the ferromagnetic (FM) layer creates a
pure spin current that flows across the interface with SnTe and
it is converted into a transversal charge current that is detected
as a dc voltage between two edge contacts. Our results show
that by changing the direction of the pumped spin current, we

©2024 American Physical Society
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FIG. 1. (a) Out-of-plane XRD patterns (£-20 scans) of SnTe (30 nm) film grown on a Si (100) substrate. (b) GIXRD pattern of the Si/SnTe
(30-nm) sample. The inset of (b) shows the XRR for a 30-nm-thick SnTe. The red solid line across the XRR data is the best fitting for
the calibration thickness and surface roughness. (c) XRD patterns (6-26 scans) of SnTe (30 nm) film grown on a GGG/YIG (111) sample.
(d) GIXRD pattern of the YIG/SnTe (30 nm) sample. The inset of (d) shows Bragg diffraction of the GGG substrate and the epitaxial YIG in

the (444) planes.

ascertain that the dominant spin charge conversion mechanism
in SnTe thin films is not ISHE, but rather the IREE [60-85].

II. SAMPLE PREPARATION AND CHARACTERIZATION

The YIG (Y3FesO;;) films were grown onto GGG (111)
(Ga3GdsOy,) substrate via liquid-phase epitaxy. High-purity
oxides of Fe, 03, Y,03, PbO, and B,0O3, were mixed into a Pt
crucible at a temperature of 1000 °C, and the mixing process
was done until reaching a homogeneous melt. The melt was
then cooled down to the temperature of 935°C at which the
films were grown. The thickness of the YIG films grown onto
GGG substrate was 100 nm. Once the YIG films was grown,
the film was cut into 3.0 x 2.0-mm? samples; following, the
samples were cleaned in an ultrasonic bath with acetone. The
Pt and SnTe layers were deposited at room temperature by dc
magnetron sputtering. The deposition process was carried out
with base pressure of 2.0 x 10~ Torr, deposition pressure of
3.0 mTorr with a 99.99% pure Ar at 32-sccm constant flow and
setting 60 W in the power source. Moreover, the Permalloy
and cobalt layers were prepared by dc magnetron sputtering
in a similar way.

The structural properties were measured through x-ray
diffraction (XRD) using a Rigaku x-ray diffractometer, model
Smartlab, with the CuK, radiation (A = 1.5418 A) in a 6-26
Bragg-Brentano geometry. Figure 1(a) shows the out-of-plane

XRD 6-26 scan pattern of the Si/SiO, /SnTe (30-nm) sample.
The SnTe spectra become more evident when the substrate
contribution is subtracted out using the grazing incidence
x-ray-diffraction (GIXRD) technique, as shown in Fig. 1(b).
This technique is used to minimize the diffraction intensity
that comes from the Si substrate, thus emphasizing the char-
acteristic peaks of SnTe films. Clearly, the diffraction peaks of
the SnTe layers are preferentially oriented along the (100) and
(110) planes, exhibiting reflections associated with the (200)
and (220) crystalline planes at 260 = 28.14° and 260 = 58.32°,
respectively.

The thickness calibration as well as the surface rough-
ness of the SnTe films were estimated using x-ray reflectivity
(XRR). The well-defined Kiessig fringes for a 30-nm-thick
SnTe are shown in the inset of Fig. 1(b). Figure 1(c) shows
the XRD pattern for the GGG/YIG (100-nm)/SnTe (30-nm)
sample with a diffraction peak associated with the (444) crys-
tal plane of YIG and SnTe (222). The GIXRD data in Fig. 1(d)
show a narrow diffraction peak characteristic of the SnTe
film, at 20 ~ 49°. This feature observed for the YIG/SnTe
sample indicates that the SnTe layers grown onto GGG/YIG
(111) provide well-textured behavior along {111} directions.
From high-resolution XRD measurements shown in the inset
of Fig. 1(d), we can observe the two peaks at 260 ~ 51.10° and
260 ~ 51.23°, corresponding to the (444) Bragg diffractions of
the GGG substrate and the epitaxial YIG in the (444) plane,
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respectively. With regards to the XRD results, is important to
note that the topological nature of electronic structures of the
SnTe arises from crystalline symmetry. Unlike conventional
topological insulators, in which the surface topology is easily
broken due to magnetic perturbation when a ferromagnetic
material is grown onto topological insulators, the SnTe surface
topology is protected due to the high crystalline symmetry that
is associated with the {001}, {110}, and {111} directions.
Thus, the x-ray results strongly indicate that the SnTe films
are topological crystalline insulators and consequently have
preserved topological surface states.

III. SPIN-PUMPING EXPERIMENTS
IN BILAYERS WITH SnTe

Ferromagnetic resonance measurements were carried out
in a homemade X-band microwave spectrometer. The sample
was mounted on the tip of a polyvinyl chloride (PVC) rod and
inserted into a rectangular microwave cavity operating in the
TE p> mode, with resonance frequency of 9.417 GHz, quality
factor (Qy) of 2000. In order to avoid rf electric effects, the
samples were placed close to the end wall of the cavity, in
a nodal position of minimum rf electric field and maximum
rf magnetic field perpendicular to the static field, such that
the rf magnetic field drove the magnetization precession. This
precaution avoided the generation of galvanic effects caused
by the rf electric field. The static magnetic field produced by
the poles of an electromagnet were modulated at 1.2 kHz with
a pair of Helmholtz coils that allowed lock-in detection of the
absorption derivative.

The spin-pumping experiments were carried out using
samples made of one film of SnTe with varying thickness (¢) in
contact with three different magnetic films, ferrimagnetic YIG
and ferromagnetic Co and Py. The YIG/SnTe (¢) bilayers were
used to quantify the spin to charge conversion efficiency. In
order to investigate the behavior of the voltage polarities with
inversion of the spin current direction to show that the mech-
anism of the spin-to-charge conversion in SnTe was IREE, we
used trilayer samples of YIG/SnTe/Py and Co/SnTe/Py. In the
spin-pumping experiment, the FM film in the multilayer sam-
ple was subjected to a rf magnetic field with frequency in the
microwave range applied perpendicularly to a static field so as
to drive the magnetization precession about the field. At the
interface with a conducting layer, the precessing spins in the
FM film generated a spin current that flowed into the adjacent
layer and produced two effects: (i) Increased damping of the
magnetic excitation due to the flow of spin angular momentum
out of the FM film [56,78]; and (ii) Generation of a charge
current by means of a spin to charge conversion mechanism
that produced a voltage at the ends of the layer, as sketched in
Fig. 2(a). These two independent phenomena made possible
the extraction of material parameters from the measurements
of the FMR absorption and the spin-pumping voltage.

Figure 3(a) shows the FMR spectrum of a bare 100-
nm-thick YIG film, obtained with H in plane and normal
to the long strip dimension, with microwave frequency
f =9.417 GHz and input power P = 20 mW. The absorp-
tion line corresponds to the uniform (FMR) mode that has
frequency close to the spin-wave mode with k = 0, given
by the Kittel equation wy ~ y H'?(H + 4w M.g)"/?, where
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FIG. 2. (a) Sketch of the YIG/SnTe and (b) YIG (or Co)/SnTe/Py
samples used in the FMR-driven spin-pumping experiments. The
lateral dimensions are 3.0 x 2.0 mm?.

y =2m x 2.8 GHz/kOe is the gyromagnetic ratio for YIG,
and 4 M. is the effective magnetization. The fit of the line
with a Lorentzian derivative function, shown in Fig. 3(a),
provides the half width at half maximum, or simply linewidth,
of AH = 5.1 Oe.

Figures 3(b)-3(d) show the FMR absorption derivative
spectra of three of the four YIG/SnTe (¢) bilayers studied
here, with the SnTe layer thickness ¢ indicated. Clearly, in all
samples the FMR linewidth was larger than the one of the bare
YIG film. This was attributed to the spin-pumping damping,
resulting from the precession of the magnetization M in the
YIG film, which generated a spin current at the YIG/SnTe
interface with density

> ngly (. oM
Jg= —< | a1 x — ), 1
ST a2 \" 7 T M

where glfr is the real part of the interface spin-mixing conduc-
tance, which takes into account the spin-pumped and backflow
spin currents [57,78,79]. The spin current that flows into the
adjacent conducting layer produces increased damping of the
magnetic excitation due to the flow of spin angular momentum
out of the FM film. The additional linewidth due to the spin-
pumping mechanism is given by [78]

ﬁwglé
4w M tem ’

where w is the driving frequency, fpy is the thickness of the
FM layer, and SP is spin pumping. Actually, this expression is
valid for relatively thin FM films, with thickness smaller than
a coherence length. For thicker films it has been shown that the
thickness in Eq. (2) has to be replaced by a coherence length
that for YIG is on the order of 300 nm [79]. By measuring the
linewidths before and after the deposition of the SnTe layer
on the same sample as in Refs. [59,65,72], one can extract a
reliable value for the spin-mixing conductance with a simple
relation obtained from Eq. (2) [78,79],

Seft = ~p o

Using this relation and the measured linewidths shown in
Fig. 3, we obtained for the four YIG/SnTe bilayers similar
values for the spin-mixing conductance. The average value
was git ~ 3 x 10" m~2, which was somewhat smaller than
the values measured in YIG/Pt interfaces [55-59].

For the investigation of the spin-pumping voltage Vsp,
two Cu electrodes were attached with silver paint to the
edges of the SnTe layer, as depicted in Fig. 2(a), and con-

AHgp = ()

(AHpmmL — AHpm). 3)
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FIG. 3. Field-scan FMR microwave absorption derivative spectra measured at a frequency of 9.417 GHz with the magnetic field applied
in the film plane, normal to the long dimension: (a) Bare YIG (100 nm) film; (b)—(d) YIG/SnTe bilayers for several SnTe layer thickness. The
(red) solid lines across the FMR data for all samples are the best fittings using a Lorentzian derivative function.

nected directly to a nanovoltmeter. As mentioned earlier,
the sample was mounted on the top of a polyvinyl chloride
(PVC) rod and inserted in a hole at the end wall of the
microwave cavity so that it could be rotated while main-
taining the static and rf fields in the sample plane and
perpendicular to each other. The measurements were made
at an in-plane fixed angle ¢ of the field relative to the
axis perpendicular to the electrodes along the sample, with-
out the ac field modulation, sweeping the field to obtain a
spectrum of Vsp(H ). Figure 4 shows the spectra of the spin-
pumping voltage Vsp measured in the four YIG/SnTe samples,
with a microwave frequency of 9.417 GHz and power of
110 mW, for three directions of the field, ¢ = 0°, 90°, and
180°. As expected, at ¢ = 0° all samples exhibited a peak
in the spin-pumping voltage at the field of resonance, as in
Fig. 3. The peak reversed polarity if the sample was rotated to
¢ = 180°, and the signal vanished for ¢ = 90°. This behavior
was common to the two known mechanisms for spin to charge
conversion, ISHE and IREE. However, one notable feature of
the data in Fig. 4 is that while the spin-pumping voltage peak
was negative for ¢ = 0°, in the well-studied YIG/Pt bilayer,
at ¢ = 0° it was positive [21,80].

Figure 5 shows another important feature of both con-
version mechanisms, a linear variation of the spin-pumping
current peak, Isp = Vsp/R (R is resistance measured between
the two contacts) with the microwave power, measured in all
four YIG/SnTe samples.

IV. SPIN PUMPING IN TRILAYERS
AND INTERPRETATION OF THE DATA

In order to investigate the mechanism of spin to charge
conversion in SnTe, we have carried out spin-pumping ex-
periments with trilayers, in which a nonmagnetic conducting
layer was sandwiched between two different FM films, as
depicted in Fig. 2(b). This arrangement made possible to inject
a spin-pumped spin current from either side of the conducting
layer in order verify the behavior of the spin-pumping voltage
polarity with the inversion of the spin current direction. In case
the spin to charge conversion is the inverse spin Hall effect
(ISHE), a spin current with density Js pumped by a FM film
into the conducting layer, the charge current density generated
in the conversion process is [53-56]

Je = 0Osu(2e/h) (Js x 6), “)
where 6 is the spin polarity of the spin current and sy is
the spin Hall angle. Equation (4) shows an important feature
of the ISHE mechanism: the direction of the charge current,
and thus the sign of the spin-pumping voltage, reverses either
with the reversal in the direction of the spin current, or the
direction of the spin polarity. This is the case for a conducting
layer made of platinum, which is a well-known material in
which the spin to charge conversion mechanism is the ISHE
[21,80,81]. Figure 6(a) shows that in the YIG/Pt (6-nm)/Py
(30-nm) trilayer, the peak of Vsp corresponding to the FMR in
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FIG. 4. Field scan spin pumping DC voltage measured with microwave driving with frequency 9.417 GHz and power 110 mW for (a)
YIG/SnTe (6 nm), (b) YIG/SnTe (9 nm), (¢) YIG/SnTe (12 nm), and (d) YIG/SnTe (30 nm) bilayers, with the magnetic field applied in the film

plane at the angles ¢ indicated. The inset in (a) shows the definition of the angle ¢ between the field and the axis normal to the long sample
dimension.
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FIG. 5. Variation of the spin-pumping current peak with the FMR microwave driving power measured with frequency 9.417 GHz for

(a) YIG/SnTe (6 nm), (b) YIG/SnTe (9 nm), (¢) YIG/SnTe (12 nm), and (d) YIG/SnTe (30 nm).
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FIG. 6. Field-scan spin-pumping voltages in the SnTe conduct-
ing layer sandwiched between two FM films produced by FMR at
9.417 GHz. (a) YIG/Pt (6 nm)/Py (30 nm). (b) YIG/SnTe (30 nm)/Py
(30 nm).

Py, at H, = 0.96 kOe, has the opposite sign as the peak due to
the FMR in YIG at H, = 2.45 kOe, because the spin currents
injected by Py and by YIG have opposite directions. Also,
both peaks change sign when the magnetic field is reversed,
because this reverses the direction of the spin polarity &.

In case the spin to charge conversion is dominated by the
inverse Rashba-Edelstein effect (IREE), a spin current with
density Js pumped by either FM film into a 2D conducting
layer, the surface charge current density generated in the con-
version process can be written as [63,68,77]

jo = ar(e/h) (2 x ), )

where o is Rashba parameter, S is nonequilibrium spin den-
sity due to spin injection, and Z is the unit vector normal
to the interface. Equation (5) shows that in contrast to the
case of ISHE, the sign of the IRRE charge current does
not change with the reversal of the spin current direction.
Thus, if the IRRE is the dominant mechanism for the spin-
charge conversion, one expects voltage signs for the two peaks
corresponding to spin pumping from the FMR films on the
two sides of the conducting layer to have the same polarity
[76,77]. This is just what occurs in the trilayer of YIG/SnTe

(30 nm)/Py (30 nm), that has spin-pumping voltage shown in
Fig. 6(b) for three directions of the magnetic field, ¢ = 0°,
90°, and 180°. The spectra exhibit two peaks, one at at H, =
0.95 kOe, due to the FMR in Py, and another one at H, =
2.6 kOe, corresponding to the spin current generated by the
FMR in YIG. Clearly, for either ¢ = 0° or 180°, the two peaks
have the same sign, in contrast to the behavior in YIG/Pt/Py.

These results represent very strong indication that the
spin-to-charge conversion mechanism in SnTe is the IREE,
not ISHE as reported in Ref. [43]. In order to confirm this
conclusion, we have carried out spin-pumping measurements
in trilayers of Pt or SnTe sandwiched between two different
metallic FM films, Co and Py. Fig. 7 shows the FMR ab-
sorption derivative spectra and the spin-pumped voltage of
three samples, Co (20 nm)/Pt (4 nm)/Py (20 nm), and Co
(20 nm)/SnTe (3 nm)/Py (20 nm), and Co (20 nm)/SnTe (30
nm)/Py (20 nm). The FMR lines in Figs. 7(a), 7(b), and 7(c)
with resonance fields at ~0.6 kOe and ~1.0 kOe correspond,
respectively, to the Co and Py films. The behavior of the
spin-pumping voltage peaks in Figs. 7(d), 7(e), and 7(f) is
similar to the one observed in YIG/Pt/Py and YIG/SnTe/Py.
The H dependence of Vsp for Co/SnTe/Py layers shows a sym-
metric Lorentzian line shape with a minimal antisymmetric
component, as shown in Refs. [55,63,83,84]. This indicates
that the contributions from galvanomagnetic and spin recti-
fication effects, produced by the metallic layers itself [59],
can be neglected. While in the first sample the two peaks
arising from spin currents injected from opposite directions
have opposite signs, in the second and third samples they
have the same sign. We have also made these measurements
in other Co/SnTe (¢)/Py samples with thickness t = 6, 9, and
12 nm, and obtained very similar results. Therefore, these
results demonstrate clearly that also with spin pumping pro-
duced by FMR in metallic films, the spin to charge conversion
mechanism in SnTe is the IREE, not ISHE.

Taking the previous results, let us calculate the IRRE
parameter for the SnTe first using the spin-pumping data

= Co(20)/Pt(4)/Py(20) 0 Co(20)/SnTe(3)/Py(20) __|Co(20)/SnTe(30)/Py(20)
E 5 E
g 1 g
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FIG. 7. Field-scan FMR absorption measured at 9.4 GHz in (a) Co (20 nm)/Pt (4 nm)/Py (20 nm), (b) Co (20 nm)/SnTe (3 nm)/Py (20 nm),
and (c) Co (20 nm)/SnTe (30 nm)/Py (20 nm). (d), (e), (f) Spin-pumping voltages in the conducting layer sandwiched between the Co and Py

films produced by FMR in the same samples.
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obtained with the YIG/SnTe (¢) because YIG is an insulator
so that the measured resistances are due solely due the SnTe
layer. As is well established, the spin current density at the
YIG/SnTe interface generated by the magnetization preces-
sion is, in units of angular momentum-time area [21,55,56],

Jo = ha)pxyg;‘#( het
= —oeft

2
o E) L(H — H,), (6

where w = 27 f and hy are, respectively, the frequency and
amplitude of the driving microwave magnetic field, L(H —
H,) denotes a Lorentzian function, H, is the field for reso-
nance, and p is the magnetization precession ellipticity fac-
tor given by Pxy = 4(0)/)/)(Hr + 477Meff)/(2Hr + 477Meff)2a
where 4mM.s is the effective magnetization that ap-
pears in the expression for the FMR frequency f =
y [H.(H, + 471 M.5)]'/?. For YIG, at 9.4 GHz, the ellipticity
factor is py, = 0.31.

The spin current in Eq. (6) is injected in the SnTe layer
where it is converted into a surface charge current with den-
sity jo given by Eq. (5). Using Eq. (5) in the form J. =
ar(e/h)(Ss) and spin current density J./e = (d;)/1y, as re-
ported [63], where 7 is an effective relaxation time, charge
current density can be written as jc = (2e/h) Argg Js in units
of charge/(time x area), where e is the electron charge and
MReg = ar(ts/h) is called the IREE parameter. Using the
relation in Virgg = R w jc, where R and w are, respectively,
the resistance and lateral width of the SnTe layer, we obtain an
expression for the IREE parameter in terms of the measured
voltage peak value:

peak
4 VIREE

Rwef gt po(hi/AH)?

(N

AREE =

The driving rf magnetic field at the back wall of a rectangu-
lar waveguide cavity is calculated with an expression obtained
for the electromagnetic fields in the TE o, mode [82]:

1/2
_ e 8N (1_ B\ e
hat = | Queo/no)'?( —- ) (1= P2 (8)

where P is the microwave power, Ao, a, and b are, respec-
tively, the wavelength in vacuum and the two inner waveguide
dimensions, gy and g are the vacuum permissivity and per-
meability, and Q; is the quality factor of the loaded cavity.
Using the dimensions for an X-band waveguide, one can show
that for f = 9.417 GHz and Q;, = 2000, the amplitude of the
driving field in Oe units is given by &y = 1.776 (P )'/?, where

P is the input power in watts. For P = 110 mW this gives
hye = 0.56 Oe.

Using for the four YIG/SnTe (¢) bilayers with thick-
nesses t = (6, 9, 12, 30) nm investigated here, the
values of the respective spin-mixing conductance deter-
mined by Eq. (2) using the measured linewidths, gZ#f =
(5.1, 6.7,2.3, 3.8) x 10" m~2, the resistances measured be-
tween the two contacts in the SnTe layer, R = (1.4, 1.6,
1.2, 0.66) k€2, the peak values of the spin-pumping volt-
ages Vsp = (1.3, 1.6, 1.5, 1.28) uV, f =9.417 GHz, p,, =
0.31, w=2 mm, and hys = 0.56 Oe, we obtain for the
values of the IREE parameter in the four SnTe (¢) lay-

ers Arpg = (1.12,1.09,2.43,2.82) x 107> nm. Thus, we
can consider for SnTe the value Argg = 1.87 £0.48 pm,
which is on the same order of magnitude as graphene [65,85],
Bi,Se; [86], as well as other topological insulators [72,87].
Similar calculations done for SnTe in the trilayers using the
data shown in Figs. 6 and 7 give IREE parameters on the same
order of magnitude as in YIG/SnTe.

In summary, we have conducted ferromagnetic resonance-
driven spin-pumping experiments in several bilayers and
trilayers having one layer of the ferroelectric topological crys-
talline insulator SnTe with thickness varying in the range
3-30 nm. Our study reveals unequivocally that the spin to
charge conversion mechanism in the SnTe layer for all thick-
nesses is the inverse Rashba-Edelstein effect (IREE). This
conclusion is confirmed by comparison with measurements
made in trilayers containing a platinum layer instead of SnTe.
While in Pt the sign of the spin-pumping voltage changes
when the injected spin current changes direction, in SnTe the
sign does not vary with the direction of the spin current. From
the data in all samples, we obtain for the inverse Rashba-
Edelstein effect parameter Ajggg values in the range 1.1-2.8
pm, which are comparable to the ones measured in graphene,
Bi,Ses;, and other topological insulators.
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