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Results achieved

WP1. Development of GaN test structures
The task lasted for two months in the reporting period. During that time, the final structures were
developed and transferred to WP6 and WP7.

WP2. Development of ZnMgO:Al tuned to the desired wavelength and conductivity
This task was finished before the reporting period started.

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

WP3. Development of ZnMgO:Al-based contacts to N-face n-GaN
This task was finished before the reporting period started.

In summary of the task which finished during the previous 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
This task was finished before the reporting period started.

In summary of the task which finished during the previous 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 technology for determining the ohmic contact properties, regardless of their type (metallic or
oxide-based) or thickness was finalized and adopted for use with laser diode devices. The technique
was applied to the determination of contact resistivities for four processed laser device types: with
standard n-GaN (Ti/Al/TiN/Au) and p-GaN (Ni/Au) contacts, with standard p-GaN and AZO-based n-
GaN contacts (nAZO), with standard n-GaN and AZO-based p-GaN contacts (pAZO) and with AZO-
based n-GaN and p-GaN contacts (allAZO). The AZO-based contacts were the ones developed in WP3
and WP4.
The current-voltage (I-V) characteristics of these devices were analyzed. Operating voltages were
determined for selected currents and the effective resistances of the devices were calculated. From the
I-V characteristics for high currents (in the range of 40-150mA), series resistances (differential
resistances) were determined for individual types of contacts. Although the differences in series
resistance are not large, the best results are achieved for lasers with lower and upper contacts based on
AZO (allAZO).

In summary of the task, in the light of electrical parameters, AZO-based contacts seem to be
comparable to conventional contacts, but contact aging tests should ultimately be decisive. Based on
the properties of oxide materials and contacts, it can be expected that oxide-based contacts will
constitute an anti-diffusion barrier for metal migration and prevent decomposition of the semiconductor
under the contact during laser operation, which will allow the contacts to operate stably for a long time.

WP7. Demonstrating an operational packaged LD
The same laser variants as described in WP6 (standard, nAZO, pAZO, allAZO) have been
implemented in the production cycles of nitride lasers. Each variant required an individual approach to
processing and appropriate cycle modifications to first create a matrix of lasers, which were then
divided into individual devices and mounted in TO56 housings. Each of these lasers is treated as a
demonstrator. The lasers prepared in this way were subjected to standard testing procedures:



measurements of initial parameters (such as voltage and current at the laser action threshold, emission
wavelength) and tests of the device's lifetime (e.g. monitoring changes in the threshold current,
operating current and voltage). The lifetime test lasted 100 hours, during which the device was
powered by direct current at stabilized optical power and at a constant temperature.

The detailes of these results cannot be publically given at this time, however it can be said that the laser
diodes with AZO-based contacts all exhibited lasing and their stable performance enables to state that
the goals of the project were reached.

In summary of this task, mounted laser diode demonstrators were prepared and their optical, electrical
and lifetime tests were carried out. The achieved results satisfy the initial assumptions and meet the
project goals.
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