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Electrical Measurements

 Amorphous Fe-Dy-Tb oxides.

 Samples were prepared at room temperature by electron beam co-

evaporation from Terfenol-D targets [metal composition of Fe(65.7

at.%):Dy(24 at.%):Tb(10.3 at.%)] with different iron content.

 Thin films (up to 40 nm thickness) were deposited on quartz substrates or

SiO2/Si wafers with at least 400 nm of thermally grown oxide.

 The film structure was amorphous which was confirmed by the glancing

incidence x-ray diffraction.

Metal composition was measured by energy dispersive x-ray

spectroscopy (EDS), from which the iron to lanthanide atomic ratio

R=at.%Fe/at.%(Tb+Dy) was obtained.

 As deposited, films with lowest iron concentration exhibited

semiconductor-like optical and electronic properties, while films with

high iron content were metallic.

 Some films showed high optical transparency depending on the ratio R

and film thickness.

Amorphous ternary oxides (Me)2O3 with primary metal (Me) being iron,

along with two lanthanides, terbium and dysprosium, were recently reported

to show a combination of very high optical transparency, electrical

conductivity, and Hall mobility [1, 2]. The Hall mobility values observed in

this material are comparable to the best indium-based transparent conductive

oxides and an order of magnitude better than in amorphous silicon.

Moreover, the material is ferromagnetic at room temperature. That makes the

material a potential candidate for a wide range of applications in electronics,

photonics, and spintronics.

Here we report detailed in-situ studies of the evolution of electrical

conductivity of the material due to thermal cycling in the temperature range

290-700 K under low vacuum conditions. Conductivity behavior changed

from metallic (as deposited) to semiconductive due to continuing material

oxidation. The material retained ferromagnetism even after 14 heating cycles.
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Material

 Van der Pauw geometry.

 Set-up: programmable Hall Measurement System from the MMR

Technologies, Inc.

 Electrical contacts: silver pads were deposited on the four corners of the

sample using e-beam evaporation; copper wires were attached to contact

pads with silver epoxy followed by 48 hour curing at room conditions.

 The linearity of electrical contacts was ensured by measuring the contact

resistance in wide range of applied currents.

Room-Temperature Ferromagnetism
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 The evolution of the transport properties of the iron-rich films

(Fe:TD=4:1), which corresponds to R=21, was studied in-situ during

repeated heating-cooling cycles in the temperature range from 290 to

700K under low vacuum of 5 mTorr. Each cycle (heating – cooling) took

approximately five hours. Special care was given to ensure that sample

does not stay at elevated temperature longer that necessary to take

measurements for a given point.

 As deposited, samples were metallic. They became semiconductive

following repeated thermal cycling. The room-temperature conductivity

decreased by an order of magnitude (from 2x104 to 3x103 S/cm) and)
stabilized after 14 cycles.

 Samples retained ferromagnetic properties after repeated exposure to

elevated temperatures which was verified by magnetoptical

measurements.

 Curie temperature has been estimated form the peak in the resistivity vs

temperature curve [3]. It was about 560K for as deposited sample, then

decreased and stabilized at around 530 K after 14 cycles, remaining well

above room temperature.

We believe that continuous oxidation of the material due to the thermal

cycling results in changes of metal cation state. This mechanism is

responsible for the evolution of the transport properties. This was

confirmed by comparing conductivity data with X-ray photoemission

spectroscopy data.
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Resistivity Evolution
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(a) Evolution of resistivity 

of  iron-rich film  

(R=21); 

(b) Room temperature 

conductivity in the 

beginning of the cycle; 

(c) Curie temperature 

estimated from the 

resistivity 

measurements.

Room temperature magnetoptical measurements (Kerr effect) at 

a) 50 Hz and b) 100 Hz. The sample is ferromagnetic as deposited, and 

after  going through 14 thermal cycles.

Oxidation states

Pre-heating

Post-
heating

XPS studies of the 

oxidation states.  

Comparing to as 

deposited, thermal 

cycling results in 

increase of the 

concentration of oxidized 

states in the film
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