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Introduction 

Memristors are resistive switching devices that vary their internal resistance states according to the 

history of applied voltage and current. Recently, resistive switching in many transition metal oxide 

based memristive devices has been extensively studied and the formation or modulation of 

conductive channels (tens of hundreds of nm in diameter), driven by the drift/diffusion of oxygen 

vacancies are believed to play a key role. Highly non-stoichiometric, amorphous gallium oxide thin 

films, a-GaOx (x ~ 1.1) are heavily-doped, n-type semiconductors with high concentration of 

mobile oxygen vacancy donors. It was discovered by our group that these a-GaOx phases exhibit a 

chemically-driven insulator-metal transition at Tc ~ 400 °C, where a-GaOx disproportionates into a 

Ga-rich, amorphous phase and -Ga2O3 [1]. 

A powerful and versatile tool to create such amorphous and non-stoichiometric thin films from 

various targets is the Pulsed Laser Deposition (PLD). Through adjustments in substrate temperature 

and gas atmosphere during deposition, the structure and stoichiometry of the deposited films can be 

varied. 

Thin films of gallium oxide were deposited by means of PLD at room temperature on ITO-coated 

amorphous SiO2 substrates. As target, a sintered pellet of Ga2O3 was used. The atmosphere during 

deposition consisted of 30 mTorr of pure argon. 

On these samples, current-voltage (I-V) characteristics were measured on a custom-made probe 

station, where the top electrode was made of sputter-deposited platinum. To observe the change in 

valence as well as conductivity at elevated temperatures, in-situ XANES measurements were 

carried out. 

 

XANES Analysis 

The Ga K edges were measured at beamline C at the synchrotron DORIS III in fluorescence 

geometry. As a reference, a Zn foil was used between the ionic chambers 2 and 3, while the sample 

itself was located in a custom-made furnace, which was positioned between the ionic chambers 1 

and 2. To control the atmosphere inside the furnace and to prevent unwanted re-oxidation of the 

sample, it was constantly flushed with helium. DC conductivity measurements were carried out at 

the same time as the XAS measurements, using a DC source-measure unit (Keithley 2677). The in-

situ measurements were performed out at 400 °C. As a reference for the edge position, a film of 

Ga2O3 was used. 

As we reported earlier [1], we could confirm in separate experiments that our a-GaOx thin films 

clearly exhibit a metal-insulator transition at around 400 °C, where the resistance was decreased by 

five orders of magnitude. However, it was not possible to observe this transition while conducting 

the DC conductivity measurements during the in-situ XAS measurements. But we found that the 

previously black a-GaOx films were colorless and transparent after heating to 400 °C for the XAS 

measurements, which indicates re-oxidation to a small extent of the films, even though the 



atmosphere was pure He. The oxidation can also be seen in the XANES region, shown in Fig 1. 

Here one can see that over the course of one hour at 400 °C the edge shifts to higher energies, 

which means that the absorbing atom is in a higher oxidation state. However, the peak at around 

10378 eV and the shoulder on its left-hand side, both of typical for Ga2O3 are still absent in the film 

annealed at 400 °C, indicating that GaOx is not fully oxidized to Ga2O3. 

 

 

 

 

 

 

 

 

 

 

Fig. 1: In-situ Ga K edge XANES spectra of an amorphous GaOx thin film (0.5 m thickness) 

during heating at 400C in flowing He gas. For comparison, the spectrum of a crystalline -Ga2O3 

thin film (0.5 m thickness) is also shown. 

 

As the Ga K edge shifts to higher energies, without any signs of formation of Ga2O3, we think that 

our GaOx thin films did not disproportionate, but were re-oxidized by oxygen from either residuals 

in the furnace or from leakages that were previously undetected. As the disproportion reaction is 

elemental to the insulator-metal transition, we therefore could not observe the corresponding 

conductivity jump. Another hint for the re-oxidation is the loss of the black color of our films, as 

colorless films usually are stoichiometric, while black films usually are oxygen deficient. 

In summary, our experiments could not show the desired results because our samples were re-

oxidized and the required disproportioning reaction could not take place. Further experiments are 

necessary to improve the combined measurements of DC conductivity and X-ray absorption spectra 

to better understand the connection between conductivity and valence. 
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