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I. SAMPLE FABRICATION AND CHARACTERIZATION
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FIG. S 1. Magnetization curves collected via AGM measurements for all samples.

We fabricated thin films by co-sputter deposition [1] starting from pure high-resistive NiFe2 O4 (NFO) (∼ 160 nm) up
to the metallic Ni33 Fe67 (10.4 nm) with intermediate NiFe2 Ox1 (60 nm) and NiFe2 Ox2 (35 nm), with 4 > x1 > x2 > 0.
The films were deposited on MgAl2 O4 (001) (MAO) substrates by dc magnetron sputtering. The metallic film was
deposited in Ar atmosphere with pressure in the range of 2 · 10−3 mbar at room temperature (RT). The NiFe2 Ox1
and NiFe2 Ox2 films were prepared by reactive co-sputtering from an elemental Ni and Fe target in Ar and O2
atmosphere at 610◦ C substrate temperature. For the NiFe2 Ox1 bilayer the Ar partial pressure during the deposition
was 1.7 · 10−3 mbar, while the total pressure was 2 · 10−3 mbar. For the NiFe2 Ox2 bilayer the Ar partial pressure
was 1.8 · 10−3 mbar, while the total pressure was 2.3 · 10−3 mbar. The pure NFO was grown in pure O2 atmosphere
with a pressure of 2 · 10−3 mbar at 610◦ C substrate temperature. The base pressure in all cases was less than
10−8 mbar. Moreover, in the x-ray diffraction (XRD) patterns (partially shown in Ref. [2]), (004) Bragg peaks are
visible for all samples unveiling a crystalline structure with epitaxial growth in [001] directions. The out-of-plane
lattice constants are extracted from the XRD peaks to be equal to 8.44 Å, 8.40 Å and 8.33 Å for NFO, NiFe2 Ox1
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and NiFe2 Ox2 , respectively. Additionally, the in-plane lattice constants are identified from the position of the (606)Peak (2θ ≈ 103◦ ), which is observable with ω − 2θ measurements and an ω-offset of ∆ω ≈ 45◦ . Further structural
information are discussed in Ref. [2].
Figure S1 illustrates the magnetization against the magnetic field extracted from alternating gradient magnetometry
(AGM) measurements. The plots are presented after the subtraction of diamagnetic and paramagnetic contributions.
In the magnetic field of 10 kOe, the NiFe2 Ox1 and NiFe2 Ox2 samples are clearly saturated. In contrast, for the NFO
it is crucial to note that the magnetic saturation achieved in 10 kOe (which was the maximum field strength applied
while measuring in the OPM configuration) was 80%, but this condition didn’t affect the transport measurements
since no ANE signal was detected in this configuration. The inset of Fig. S1 represents the magnetization curve of
the Ni33 Fe67 sample which already reached a saturation condition at around 3 kOe.
II. THEORETICAL AND EXPERIMENTAL BACKGROUND FOR XRMR
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A fundamental theoretical background for the XRMR includes the determination of the optical properties of a
material exposed to x-rays as given in the refractive index n = 1 − δ + iβ, where δ and β are the dispersion and the
absorption coefficients, respectively, connected via the Kramers-Kronig relation. When the magnetization changes
directions (±), the optical parameters δ and β vary by a fraction ∆δ and ∆β, respectively. These so called magnetooptic parameters are most pronounced at energies right around the absorption edge of the investigated material and
vanish far from the resonance. Considering the interference of the reflected light from the surface and the interfaces
this method can reveal a possible spin polarization in a film independent from the layer thickness [3].
Here, the XRMR data were collected at a fixed energy close to the Pt L3 absorption edge by performing x-ray
reflectivity (XRR) scans with circularly polarized x-rays (off-resonant at 11465 eV, resonant at 11565 eV) [4], while
the field was switched between parallel and antiparallel orientation to the in-plane projection of the incident beam at
every reflectivity angle. The degree of circular polarization was (88 ±1 )% as derived from a model for the performance
of the phase-plates [5].
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FIG. S 2. (a) XRMR asymmetry ratio for Pt/Ni33 Fe67 and simulation with the corresponding magnetooptic depth profile (b).
(c) XRMR asymmetry ratio for Pt/NFO after using the magnetooptic depth profile of (b), (d) close-up of the experimental
data from (c) and simulation assuming 5% of the Pt/Ni33 Fe67 spin polarization.
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The fitting tool ReMagX [6] was used to evaluate the magnetic XRMR asymmetry ratio ∆I = II+
plotted over
+ +I−
4π
the scattering vector q = λ sin θ, where λ: wavelength, I± : XRR intensity for different field directions and θ: angle of
incidence. The structural parameters (thickness, roughness) extracted from the fittings of the off-resonant XRR scans
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FIG. S 3. (a) XRMR asymmetry ratio for Pt/NiFe2 Ox1 and simulation using the magnetooptic depth profile of the Pt/Ni33 Fe67
bilayer, (b) assuming 20% of the Pt/Ni33 Fe67 spin polarization. (c) XRMR asymmetry ratio for Pt/NiFe2 Ox2 and simulation
using the magnetooptic depth profile of the Pt/Ni33 Fe67 bilayer, (d) assuming 2.5% of the Pt/Ni33 Fe67 spin polarization.

using literature values for the optical parameters δ and β, are used to fit the resonant XRR curves and determine
the optical parameters in resonance [7]. Afterwards, the XRMR asymmetry ratios are simulated using the previously
derived parameters along with the variation of magnetooptic depth profiles for the magnetooptic parameters ∆δ and
∆β. The ratio ∆β
∆δ = −14.3 was kept fixed during fitting and was determined by adjusting the magnetooptic data
from the ab initio calculations to a fixed q-scan [4]. We calculated this ratio at an energy of 11565 eV where we also
collected our XRMR measurements. Finally, by comparing the resulting ∆δ and ∆β values to optical data from
ab initio calculations [3], the magnetic moment per spin polarized Pt atom is identified.
In Fig. S2 the measured XRMR asymmetry ratio and the corresponding simulation are presented for the Pt/Ni33 Fe67
and Pt/NFO bilayers using the corresponding magnetooptic depth profile for the metallic sample. In Fig. S2(a) the
measured XRMR asymmetry ratio for the Pt/Ni33 Fe67 bilayer is displayed. From the corresponding fitting and by
comparing the experimental fit values of ∆δ and ∆β derived from the magnetooptic depth profile in Fig. S2(b) to
ab initio calculations [3] we obtain a maximum Pt magnetic moment of (0.48 ± 0.08) µB per spin polarized Pt atom.
In Fig. S2(c) the measured XRMR asymmetry ratio for the Pt/NFO bilayer is presented along with a simulation
using a magnetooptic depth profile identical to the one derived for the Pt/Ni33 Fe67 bilayer. Obviously, the simulated
asymmetry ratio of the Pt/NFO sample (Fig. S2(c)) deviates strongly from the one of the Pt/Ni33 Fe67 sample
(Fig. S2(a)), although the same magnetooptic depth profile (Fig. S2(b)) was used. This is due to the different
optical constants of Ni33 Fe67 and NFO. Since no asymmetry was detected for the Pt/NFO sample, a potential MPE
present in this film must be significantly smaller than in the all-metallic system. By decreasing the magnitude of the
magnetooptic parameters down to 5% of the Pt/Ni33 Fe67 spin polarization (Fig. S2(d)), we can estimate a detection
limit leading to an upper limit for the maximum magnetic moment in Pt of 0.04 µB per spin polarized Pt atom.
In Fig. S3 the measured XRMR asymmetry ratio is presented for the Pt/NiFe2 Ox1 (Fig. S3(a),(b)) and
Pt/NiFe2 Ox2 bilayers (Fig. S3(c),(d)), respectively, along with a simulation using a magnetooptic depth profile
identical to the one derived for the Pt/Ni33 Fe67 bilayer. Firstly, we compare the experimental data with an asymmetry ratio simulation that describes a Pt/NiFe2 Ox system but with the same magnetooptic depth profile as for
Pt/Ni33 Fe67 . As in the case of the Pt/NFO analyzed previously, the simulated asymmetry ratio of the Pt/NiFe2 Ox1
(Fig. S3(a)) deviates strongly from the one of the Pt/Ni33 Fe67 sample, although the same magnetooptic depth profile
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was used (Fig. S2(b)), due to the different optical constants of Ni33 Fe67 and NiFe2 Ox1 . Therefore, since the simulated
asymmetry ratio of the Pt/NiFe2 Ox1 sample does not match the experimental data, a potential MPE present in this
film must be significantly smaller than in the all-metallic system. In order to extract a limit for a quantitative magnetic moment value, we decreased the magnitude of the magnetooptic parameters down to 20% of the Pt/Ni33 Fe67
spin polarization (Fig. S3(b)) and, thus, we estimated a detection limit leading to an upper limit for the maximum
magnetic moment in Pt of 0.1 µB per spin polarized Pt atom. Accordingly, for the Pt/NiFe2 Ox2 bilayer we decreased
the magnitude of the magnetooptic parameters down to 2.5% of the Pt/Ni33 Fe67 spin polarization (Fig. S3(d)) and
we estimated a detection limit leading to an upper limit for the maximum magnetic moment in Pt of 0.01 µB per
spin polarized Pt atom. The extracted limits for both samples are different compared to Pt/NFO due to different
signal-to-noise ratios in the XRMR data.

III. APPLICATION OF THERMAL GRADIENTS

In the IPM geometry the samples were clamped between two copper blocks from their top and bottom sides. The
copper block on the top side acted as a heat source and the one on the bottom side acted as a heat sink. In between
the upper copper block and the sample there was an additional magnesium oxide layer with a thickness of 0.5 mm
in order prevent electrical contacting between those two parts. In between the lower copper block and the bottom
side of the film a Peltier element was placed acting as a heat flux sensor. Then, an out-of-plane thermal gradient was
homogeneously applied to the film in a presence of an in-plane magnetic field. The temperature difference between
the two copper blocks was measured by two K-type thermocouples.
In the OPM geometry the samples were placed on top of two copper blocks and were clamped with copper plates
on top in the hot side. Therefore, we could ensure a homogeneous application of an in-plane thermal gradient in a
presence of an out-of-plane field. In the cold side a Peltier element was placed between the sample and the copper
block for the detection of the heat flux.
The measurements were performed in vacuum at room temperature. For the voltage measurements two aluminum
wires 25 µm thick were bonded on top of the samples and glued properly with silver paste to copper wires that are
connected to the electrical feedthroughs of the vacuum chamber.

IV. HEAT FLUX CALCULATION

To calculate the heat flux φq in the IPM geometry we inserted Peltier elements as heat flux sensors right below the
samples and converted the output signal of the sensor into heat flux by taking into account the cross section area of
the heat between the sample and the Peltier element. We calibrated the heat flux sensors by using an electric heater
resistor to simulate a Joule heat source as described by Sola et al. [8, 9]. In the OPM configuration, the heat flux
was theoretically determined by taking into account the thermal conductivity of the FM layers. For the Pt/Ni33 Fe67
bilayer we additionally considered the contribution of the spin polarized layer of Pt with the effective spin polarized
thickness extracted from the XRMR investigations.
The heat Q which passes through every layer of the samples is calculated from
Q=

∆T
K ·S
LT

(1)

where LT : total length of the sample in the direction of the temperature gradient, S: side area perpendicular to the
direction of the heat propagation and K: thermal conductivity of the corresponding layer. The ∆T is extracted from
the value of the thermal conductivity of the MAO substrate which is 24 Wm-1 K-1 [10] and the heat flux output taken
from a Peltier element located below the substrate. We consider that the ∆T remains the same along all the layers.
The main contribution to the total heat of the sample comes from the MAO layer since this is the thickest part of
every sample. However, we are only interested in the contribution of the FM layer in which the effects are generated.
The thermal conductivities of the NiFe2 Ox (x > 0) layers are assumed to be (8.5 ± 0.9) Wm-1 K-1 [11], since all of
these samples are in the insulating regime at RT. The error is introduced since the absolute value of the thermal
conductivity corresponds to a bulk material and not to thin films. Then the heat flux is determined from
φq =

K ∆T
LT

.

(2)
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It is crucial to also consider the contribution of the spin polarized Pt layer to the heat flux in the case that an MPE
is present. This has to be examined only for the Pt/Ni33 Fe67 bilayer as confirmed by XRMR. In this case KNi33 Fe67
consists of two components
KNi33 Fe67 = Ke + Kph

(3)

where Ke : thermal conductivity of free electrons and Kph : thermal conductivity of phonons. The value of Ke is
calculated from the Wiedemann-Franz law
Ke = L σ T

(4)

where σ: measured electrical conductivity at each temperature T and L=2.44 · 10−8 WΩK−2 is the Lorentz number.
The value of Kph is regarded to be equal to (8.5±0.9) Wm-1 K-1 . The contribution from the 1.0 nm spin polarized layer
of Pt is quantified to be 17% of the heat flux of the Ni33 Fe67 layer. The chosen heat flux values for the normalization
of the measured voltage in Fig. 2 of the main text are comparable but not identical. However, the magnitude of the
normalized signal will not be influenced by the choice of the heat flux value due to the linear interdependency between
both the voltage and the heat flux.

V. PHYSICAL CHARACTERISTICS OF THE SAMPLES

In the Table I the measured physical parameters of all samples are presented, where tFM : thickness of the FM,
SP
tPt : thickness of the Pt layer, tNM
Pt : thickness of the non-magnetic fraction of Pt, tPt : thickness of the spin polarized
fraction of Pt, ρFM : electrical resistivity of the FM (measured on the samples without Pt on top), ρPt : electrical
resistivity of Pt and R: resistance between the voltage contacts, for each film respectively. The ρPt values were
calculated from the measured ρ values of the twin samples with and without the Pt layer on top.
Film
tFM (nm)
tPt (nm)
tNM
Pt (nm)
tSP
Pt (nm)
ρFM (Ωm)
ρPt (Ωm)
RFM (Ω)

Pt/NFO
160
3.0
3.0
0.0
40.5
1.6 · 10−7
3.4 · 109

Pt/NiFe2 Ox1 Pt/NiFe2 Ox2
60
35
2.7
3.1
2.7
3.1
0.0
0.0
1.5 · 10−4
4.5 · 10−5
1.7 · 10−7
1.8 · 10−7
4
3.3 · 10
1.7 · 104

Pt/Ni33 Fe67
10.4
3.5
2.5
1.0
4.2 · 10−7
1.6 · 10−7
0.5 · 103

TABLE I. Resistivity at room temperature, thickness and resistance between the voltage contacts for Pt/NFO, Pt/NiFe2 Ox1 ,
Pt/NiFe2 Ox2 , and Pt/Ni33 Fe67 samples.

As additional information the Seebeck coefficients for the NiFe2 Ox1 , NiFe2 Ox2 and Ni33 Fe67 are found to be equal to:
57.2 µV/K, 28.2 µV/K and 18.2 µV/K, correspondingly. The Seebeck coefficients are estimated after the subtraction
of the contribution from the gold wires used for the electrical contacts [12]. Moreover, the DANEFM coefficients for
NiFe2 Ox1 , NiFe2 Ox2 and Ni33 Fe67 are also calculated in units V/K and found to be equal to: 2.8 nV/K, 3.8 nV/K
and 4.7 nV/K, respectively. The ANE coefficient for the metallic sample is consistent with values found for permalloy
in earlier publications [13].
Figure S4 represents the change of RT resistivity according to the partial O2 pressure during deposition. The partial
O2 pressure was calculated from the partial Ar pressures and total pressures recorded during the deposition of each
sample. A clear increase of the resistivity is observed when the amount of oxygen increases.
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VI. PARASITIC PLANAR NERNST AND TRANSVERSE SPIN SEEBECK EFFECT CONTRIBUTIONS
IN THE OPM CONFIGURATION
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FIG. S 5. (a) Total ANEFM + ANEprox signal and antisymmetric contribution of it for the Pt/Ni33 Fe67 bilayer. (b) The
symmetric contribution to the total signal.

In the OPM configuration the application of an in-plane thermal gradient is combined with the application of an
out-of-plane magnetic field and an unintended misalignment of the field direction (possible in-plane components) could
induce parasitic contributions hampering the measured signal. One possible contribution could be the transverse spin
Seebeck effect (TSSE) which is controversially discussed. So far, in our former investigations we could not observe any
evidence for the existence of a TSSE and, therefore, we neglect such a parasitic signal in our measurements [14–17].
These results are in line with prior publications [18, 19].
Furthermore, apart from the TSSE an additional planar Nernst effect (PNE) contribution could contaminate the
measured voltage prohibiting from the correct interpretation of the desired signal. This contribution is indeed observable while measuring on the Pt/Ni33 Fe67 sample and appears in the deep of the curve in Fig. 2(d) of the main
manuscript. However, the PNE is symmetric with the field and we can easily separate this contribution from the
antisymmetric ANE signal. In Fig. S5(a) the total signal is presented together with the extracted antisymmetric
contribution from the ANE. In Fig. S5(b) the symmetric contribution is illustrated which is considerably smaller
than the antisymmetric one. In addition, since we are interested in the difference of voltages between plus and minus
magnetic field saturation the symmetric signal does not contribute to the measured voltage and the values extracted
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from the antisymmetric signal are the same as if we calculate the magnitude of the effect from the total one. Therefore,
we conclude that although a PNE contribution is visible in our measurements, it doesn’t affect the magnitude of the
effect allowing for the correct interpretation of the measured voltage.

VII. THICKNESS DEPENDENCY OF SSE AND ANEFM COEFFICIENTS
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A challenging issue is the thickness dependency of the obtained SSE and ANEFM coefficients. In order to further
elucidate this issue we disentangled the effects and extracted the corresponding SSE and ANEFM coefficients for an
additional Pt/NFO and Pt/Ni33 Fe67 sample with nominal FM thicknesses equal to tNFO =22 nm and tNi33 Fe67 =160 nm.
For both samples tPt =3 nm. As visible from Fig. S6 the SSE coefficient of the additional NFO sample (rhombus)
is smaller then the initial one illustrating a weak thickness dependency. However, the main trend of decreasing
SSSE with increasing conductivity still holds. Moreover, considering the additional Pt/Ni33 Fe67 bilayer (triangle) a
weaker thickness dependency of both coefficients can be extracted. Consequently, the DANEFM clearly increases with
increasing conductivity whereas the SSSE decreases. These results, are a first step towards the study of the thickness
dependency of SSE and ANEFM coefficients in such systems and further investigation should be conducted to clarify
this issue.

FIG. S 6. SSE and ANEFM coefficients as a function of the electrical conductivity σ for NiFe2 Ox1 /x2 (blue area), NFO (orange
area) and Ni33 Fe67 (green area) samples.

VIII. BAND GAP ENERGY DETERMINATION

The optical band gap energies are obtained from ultraviolet-visible spectroscopy, and in that respect extracted
using Tauc plots [1] ((αE)0.5 versus energy), where α(E) is the absorption coefficient extracted from the measured
transmission T and reflectance R spectra by α = d1 ln 1−R
T , where d is the thickness of the corresponding NiFe2 Ox (x >
NFO
≈ 1.49 eV, close to our previous investigations
0) layer. The optical band gap for the NFO film is estimated to be Egap
NiFe O

NiFe O

[1]. The optical band gap for the NiFe2 Ox1 and NiFe2 Ox2 sample is Egap 2 x1 ≈ 1.27 eV and Egap 2 x2 ≈ 1.09 eV,
respectively, unveiling the more conducting character of the latter. A detailed band gap analysis on these NiFe2 Ox
(x > 0) samples is reported in Ref. [2]. However, the use of Tauc plots for the determination of the band gap
energies could lead to rough estimated values because of the uncertainties that may come up during this kind of data
processing [20]. The electrical band gap for the NFO determined from an activated conduction is equal to 0.19 eV [2]
in accordance with previous publications [1, 21, 22].
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