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Report:
In this experiment the investigation of secondary phase formationd=éd=exN) in iron-implanted GaN
substrates and the analysis of resulting structures by recigpaaé mapping in wide- and small-angle

scattering mode was proposed.

The experiment was carried out at the ROBL beamline on the pseudoete diffractometer, in
mirrored monochromatic setup with a X-ray wavelergtf.124 nm. Single crystalline wurtzite GaN(001)
films of about pm thickness, epitaxially grown by metal organic vapour phase ep{td&QVPE) on
Al,05(001), were implanted with 195 ke¥/Fe ions to a maximum Fe concentration of 4 at.% at the
projected range )= 85 nm. The standard technological process requires a subsequentdtaarit in N
atmosphere at the pressure of 1.1 bar. The equipment available arniiméeat the time of the experiment,
however, could not be run at elevated gas pressures in the samplehegkfore, the annealing experiments
were carried out at a reduced pressure of 0.5 bar and in a temperature range frofCA@0850C. Thein
situ reciprocal space mapping measurements were carried out udilgtas 100K detector with 10s

acquisition time per point.



In the frame of the experiment, we have found out that the annealingidrebf ion-implanted
samples at a low gas pressure differs strongly from thosedrat higher pressures. Instead of the formation
of Fe clusters at elevated temperatures, we observed the fmrro&tron nitride phases. Figure 1(a,b) shows
two X-ray scattering patterns recorded under low- and high- tetopereonditions. The wide diffuse spots
indicated by arrows come from Bragg scattering of the nanosizddlgsm of the secondary phase
incorporated into the GaN matrix. The full width at half maximunthefobserved reflections corresponds to
the particle dimensions of about 5 nm. The bright vertical lines dmmnethe Bragg reflections of the bulk
single crystal environment and could be used for additional angularopoaitid temperature control and
calibration. The low-temperature phase can be determingeFag\N and is well known from literature. The
Bragg reflection of the high-temperature phase can be attribussyéral iron nitride phases, including FeN,
(-FeN or disorderede—FexN. Remarkably, the observed phase transformation appeared to be full
reversible: by controlling the temperature, the system waddramed back and forth between the initial low-
temperature and the new high-temperature states. With each agraalie the integral intensity reduces
slightly indicating a loss of Fe due to an out diffusion towards #inepke surface. Figure 1(c) shows the

angular position of the iron nitride phase peak depending on the sample temperature.
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Figure 1. X-ray scattering patterns and temperature dependent phase composition behavimpiarked GaN [1].

The obtained results open a way for engineering of selected secqdags, embedded into GaN matrix
and possessing different electronic, magnetic and other propertiedtyon of processing parameters. In a
follow-up experiment it was also shown, that nanoparticles obtainedeirturrent experiment display a

superparamagnetic behaviour [1].
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