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Results achieved

WP1. Development of GaN test structures
The following were designed and grown for research in tasks WP2, WP3, WP4, WP6 and WP7:
 Epitaxial layers p-GaN/sapphire, p+-GaN/p-GaN/sapphire,
 n-GaN single crystal substrates with an epi-ready surface with N polarity,
 Laser structures on a GaN crystal substrate for testing and verification of AZO-based ohmic

contact technology,
 Laser structures on a crystalline GaN substrate for technology testing of the possibility of using

the AZO layer as the upper cladding layer in a laser structure,
 Full laser structures with thinned cover layers – for testing laser properties at IWC PAN.

WP2. Development of ZnMgO:Al tuned to the desired wavelength and conductivity
The results of work on the low resistivity ZnO:Al (AZO) were published in the journal Vacuum.

The research on comparing the ZnMgO:Al (AZMO) films deposited from AZMO targets, composite
targets and cosputtering was carried out. We showed that by increasing the content of Mg in the
AZMO target, it is possible to scale the Mg content in the AZMO films, in the Zn sublattice achieving
bandgap engineering without the darkening effects seen in the co-sputtering or composite target
experiments. However, the Mg increase lead also to a lowering of the film conductivity due to a wider
bandgap. Trials with AZMO targets containing more than the standard amount of the aluminum dopant
did not improve the resistivities. At the same time, the AZO that was developed in the project has so
many carriers, that its energy gap is blue-shifted to the value achieved for AZMO with over 15% of
Mg. Since this material is very highly conductive and has an appropriately wide bandgap, it was chosen
for further tests in the contact structures.

In summary of the task which finished during the reporting period, we developed a state-of-the-art
AZO film deposition technology and a new approach to deposit AZMO films. We compared various
ways of material deposition and showed how they differ from one another.

Based on the results achieved on AZO and AZMO in the OxyGaN project, a project application was
submitted to the m-era.net 2022 call for IR-blocking coatings.

WP3. Development of ZnMgO:Al-based contacts to N-face n-GaN
The work in WP3 was continued on the same type of substrates, delivered from WP1 and using the
AZO developed in WP2. No metallic interfacial films yielded fully ohmic contacts, however
symmetrical I-V curves were observed. Low work function metals, closer to GaN electron affinity were
also studied but the I-V characteristics were asymmetric and the currents much lower than for the
transition metals used before.
A wide array of surface modification approaches was tested to further improve the properties of the
best contacts. We tested the solutions of HCl, buffered HF, NaOH and DMSO as well as plasma
etching prior to contact deposition, the final being the optimal approach. It does not yield completely
symmetrical I-V characteristics, however improves the current intensities. Since the n-GaN contact has
a large area, the nonidealities should be compensated in the device.

In summary of the task which finished during the reporting period, we developed an optimal approach
to contact formation to N-face n-GaN using an AZO film with interfacial metallic layer and plasma
pre-treatment of the surface. The details of this solution cannot be yet made public.

WP4. Development of ZnMgO:Al-based contacts to Ga-face p-GaN
The work in WP4 was continued on the same type of substrates, delivered from WP1 and using the
AZO developed in WP2. In contrast to WP3, two metallic interfacial films yielded fully ohmic
contacts. Based on characterization data from WP5, interface mixing and diffusion of the elements was
closely studied to understand the mechanism of contact formation. In the two different metals, the
mechanisms were different. In one case, there was strong influence of Ga-outdiffusion from the p-GaN
film, in the other - the outdiffusion was blocked and interfacial solid-state reactions seemed to govern
the contact formation.

AZMO films were tested as ohmic contacts to p-GaN and they did behave in a similar way as pure
AZO, slightly lowering the formation temperature, however not yielding better contacts than the ones



with the two metal films.

In summary of the task which finished during the reporting period, we developed two optimal
approaches to contact formation to Ga-face p-GaN using AZO films with interfacial metallic layers.
The details of this solution cannot be yet made public.

WP5. Advanced characterization
TEM, EDS, XPS and TOF-SIMS characterization of AZMO films as well as in-depth characterization
of the best contacts from WP3 and WP4 was carried out and helped understand the mechanisms of film
growth and contact formation.

WP6. Contact validation in diode structures
The task ran for 4 months during the reporting period. In this time, a technology for determining the
ohmic contact properties, regardless of their type (metallic or oxide-based) or thickness was started to
be developed and will be continued in the following year. This approach utilizes vertical current flow,
as is the case in the laser diodes and other p-n devices, contrary to the cTLM technique, which is easier
to screen contact properties, but may be not exact for device applications.

Technology of p-n diodes was further developed by improving Mg activation in the p-GaN layers after
annealing in hydrogen. First p-n diode structures were developed and tested before being used for AZO
contact tests.

WP7. Demonstrating an operational packaged LD
Several processing tests were carried out on the laser structures from WP1 covered with p-GaN
contacts from WP4. Although the surface finishes were not ideal, the devices were processed into laser
bars and tested for optical emission. One of the two contacts developed in WP4 proved to give better
parameters of the laser diodes and it was chosen for further tests. Initial lifetime tests were carried out,
proving good stability under a constant current bias, reaching 2000 hours.
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