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Abstract * The higher the temperature, the lower the core level binding energies, meaning that Surface Debye temperature us 1N g low en ergy
the sample became more metallic at the higher temperatures. . :
electron diffraction (LEED)

In X-ray photoelectron spectroscopy (XPS) of NiFe,0, thin film, the Ni and Fe 2p;,,
core level binding energies show strong indications that a reversible transition
between a more dielectric and a more metallic phases of NiFe,0, film is possible.
The XPS of Ni and Fe 2p;, core levels for the NiFe,O, thin film at room
temperature showed large photovoltaic surface charging leading to core level ] = Ioe—ZW(T)’

binding energy shifts, characteristic of a highly dielectric (or insulating) surface of 3(hAK)2T

At (or near) 538 K, the core level binding energies were correct [1] suggesting no

measurable surface charging. For example, the binding energy for Ni 2p,,, at 538 K

was 855.3 eV, which is in excellent agreement with correct value of 855.4 eV [1]. * The intensities of LEED can be used to get effective surface Debye temperature (6p),
using Debye-Waller factor [3, 4]:

e The thin film surface hence became metallic at (or near) 538 K. W(T) =

NiFe,O, thin film at room temperature. This photovoltaic surface charging, seen in 7, Where the notations have usual meaning and m is mass of the

the XPS binding energies of the Ni and Fe 2p,, core levels, decreased with scatterer.
increasing temperature, indicating that the NiFe,0O, thin film became more metallic
at elevated temperatures. The photovoltaic surface charging was absent at 538 K
indicating metallic nature of the thin film. When the thin film was cooled down to
room temperature, the core level binding energy shifts, due to photovoltaic
surface charging, were observed again. This indicates that there exists a reversible
non-metal to metal phase transition of the NiFe,0, thin film with temperature.
This work illustrates a route to regulate the surface metal-to-insulator transition in
NiFe,O, thin film. Furthermore, effective surface Debye temperature has been
estimated for the NiFe,0, thin film.
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* There is an electronic phase transition of the NiFe,0, thin film surface from non-
metallic phase to metallic phase when annealed.

Cooling of the sample from 538 K to room temperature

 Cooling the sample slowly increased the binding energies: sample slowly became

dielectric (non-metallic) again, with decreasing temperature.
Fig. 6. LEED of NiFe,0,(111) thin film taken at 133 eV electron energy at 296 K (left)

Motlvatlon and 384 K (right).
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film

 For the better fundamental insights, temperature dependent X-ray absorption
measurement, could be carried out using polarized light, which could give us both

Partially reversible non-metal to metal phase transition * In order to avoid creation of more oxygen defects at the surface, only one higher electronic and magnetic properties across the phase transition.
temperature (410 K) XPS was carried out (Fig. 4).
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A study to carry out could be whether the thickness of the film affects the nature
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Fig. 5. A simple schematic of two (left) and three (right) terminal device architectures
Fig. 3. The XPS spectra of core levels of Ni, Fe, and oxygen at different temperatures. for the material (example NiFe,0, thin films) undergoing reversible metal to insulator )
phase transition [2]. The high-resistance insulating state and the low-resistance metallic * We acknowledge the support provided by Emergent En u HD‘{\E
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core levels of the elements.
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Annealing of the sample from room temperature (296 K) to 538 K Refe rences

e At the beginning of the annealing cycle at 296 K, all core level binding energies
have highest values (high binding energy shifts), meaning that sample was in
non-metallic phase.
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