
Observation of spin Seebeck effect (SSE) at room temperature in a

weak ferromagnetic material, for example, a spinel zinc ferrite (ZnFe2O4)

in bulk and thin film is demonstrated. In order to understand the physics

behind this effect, a systematic structural and magnetic characterization

with the SSE signal in this ferrite is presented. Measurements of surface

analysis by x-ray photoemission (XPS) and absorption (XAS)

spectroscopies, and x-ray magnetic circular dichroism (XMCD) provide

information about the cationic distribution in the lattice, which is found to

be responsible of the magnetic response in the material. The magnetic

anisotropy, as well as the Gilbert constant of the ferrite have been

investigated by means of ferromagnetic resonance measurements.

These measurements are useful to predict the spin Seebeck response

in the material.
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The spin Seebeck coefficients extracted from the data for the thin films were highly sensitive to the thermal

conductivity of the thin film and the substrate. Therefore, before measuring the Seebeck response in a material, it is

important to pay more attention to the growth of the magnetic layer, and the choice of substrate.

The lattice mismatch and the presence of anisotropies in the sample can significantly change the magnitude of LSSE

voltage; also, the type of substrate plays an important role in the calculated spin Seebeck coefficient.

Mixture of precursor 
oxide powders

•αFe2O3 - ZnO

Milling

• 100 rpm

• 2 h

Heat treatment 

• 1150 °C

• 12 h

Pressing

• 1500 psi

• 2 – 5 min

Sintered

• 1250 °C

• 6 h
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Fig. 5. a) XPS spectra for the thin films (a) ZFO/Si(111) (b) ZFO/STO(100). Symbols represent experimental data and lines represent the fit.

Fig. 4. Room temperature in-plane (0°) and out of plane (90°) magnetic hysteresis

loops of ZFO thin films. Fig. 2. XRD patterns of the ZnFe2O4 in bulk and ZFO 

thin films on Si (111) and STO (100) substrates growth 

under Ar/O2 - 1:2 

Fig. 3.  Mössbauer spectra of ZFO in bulk. The red line corresponds to 
a fitting of the experimental data using the Recoil software.

Isomer shift:

0.36 mm/s

Quadrupole splitting:

0.36 mm/s

Corresponding to characteristic

Fe3+ charge state in a direct spinel

structure.

Fig. 1. ZFO target preparation process.

Sample Fe/Zn 

atomic 

ratio

O/Zn 

atomic 

ratio

ZFO/Si 1.98 8.74 

ZFO/STO 1.87 5.41 

ZFO thin films were grown using RF 

magnetron sputtering. 

Sample Lattice parameter

ZnFe2O4 (Bulk) 8.44 Å

Thin film 8.43 Å

MAGNETIC CHARACTERIZATION

Superexchange interaction 

A-O-B   (JAB) is the strongest, 

B-O-B  (JBB) is weaker,

A-O-A   (JAA) is the weakest.

𝐙𝐅𝐎/𝐒𝐓𝐎
Fig. 8. Ferromagnetic resonance field as a function of the in-plane azimuthal angle 𝜑𝐻 for ZFO/Si 

and ZFO/STO. The red solid lines are theoretical fits to the experimental data (black spheres). 

FERROMAGNETIC RESONANCE

LONGITUDINAL SPIN SEEBECK EFFECT

XAS AND XMCD ANALYSIS

Results

𝐙𝐅𝐎/𝐒𝐢

ZFO/Si ZFO/STO

𝟒𝝅𝑴𝒔 (Oe) 1791.0 1587.0 

𝑯⊥ (Oe) -2200.0 -1484.7 

𝑯𝒄 (Oe) 90.7

𝑯∥ (Oe) -28.8 -29.0

Thin film
𝑺𝑺𝑺𝑬
( Τ𝜇𝑉 𝐾)

𝜿 𝒔𝒖𝒃𝒔

( Τ𝑊 𝑚𝐾)
𝜶𝑮𝒊𝒍𝒃𝒆𝒓𝒕

ZFO/Si 0.003 148 0.022

ZFO/STO 0.11 12 0.035

Τ𝑆𝑆𝑆𝐸 = 0.028 𝜇𝑉 𝐾

Fig. 10. (a) Schematic illustration of the LSSE experimental set-up. (b) Variation of the voltage with ∆𝑇
when the temperature gradient is applied along the +z and -z. (c) and (d) Variation with the magnetic

field of the 𝑉𝑆𝑆𝐸 measured on the Pt layer for different values of ∆𝑇 for Pt/ZFO/Si as indicated.

Fig. 9. SSE response with applied

magnetic field. (Inset) ∆𝑇 dependence of

SSE voltage ∆V [4].

Fig. 6. Comparison of the normalized XAS for the

bulk ZFO sample and the thin films grown on Si and

STO. An evident shift towards lower energies,

indicative of a lower valence (e.g Fe2+), is observed

on the ZFO/STO sample.

Fig. 7. Normalized XMCD results for the ZFO/Si and

ZFO/STO thin films. A larger intensity is observed for

ZFO/Si, consistent with a higher value of magnetization

for that sample. The intensity is more pronounced for the

sites occupied by Fe3+ in octahedral environment,

suggesting a larger component for this sample.

XAS and XMCD measurements

were performed on beamline 6.3.1

at the Advanced Light Source

(Berkeley, USA). Technical details

of the measurements: energies

around Fe L2,3 edges,

temperature of 300 K, magnetic

field of  1 T applied at 30º from

the sample plane, detection

method was total electron yield.


