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Report: 
 
GaFeN is a novel wide band gap semiconductor doped with a transition metal belonging to a new class of 
materials with magnetic properties whose origin and methods of control are not yet sufficiently well 
understood [1,2]. Most importantly, GaFeN exhibits Curie temperatures above room temperature. With 
SQUID magnetometry, apart from a paramagnetic behaviour, a ferromagnetic component of the 
magnetization curve is detected persisting up to 320K. The mechanism responsible for the ferromagnetic 
ordering of the spins of the Fe atoms is not yet fully established. It could be either mediated by carriers, it 
might also be a consequence of spinodal decomposition, or caused by foreign-phase inclusions. According to 
recent theoretical suggestions [3], the co-doping of GaFeN by donor (Si) or acceptor (Mg) impurities 
influences the position of the Fermi level in the energy gap and affects the charge state of the magnetic Fe+ 
ions. Si doping increases the density of electrons which change the charge state of the iron ions from Fe3+ to 
Fe2+. Whereas Fe3+ fits perfectly onto group III sites, the charges associated with the Fe2+ ions inhibit the 
creation of both coherent Fe-rich inclusions in the GaN lattice as well as the growth of foreign Fe-based 
phases. 
The aim of the beamtime was to detect foreign 
phases in undoped, Si- and Mg-doped GaFeN 
layers, to determine the nature of these phases 
and to estimate the size of the precipitates. The 
measurements have been carried out at the ID-31 
beamline using the energy of 15.5 keV, the 
diffracted radiation has been detected by a point 
detector equipped with a graphite secondary 
monochromator. We have measured a series of 
GaFeN layers with various Fe concentrations 
(achieved by various Cp2Fe-flow rates in the 
MOVPE growth chamber) and with various 
concentrations of either Si or Mg dopants. For 
each sample, symmetric ω/2Θ scan and several 
ω scans across diffraction peaks were measured. 

Fig. 1. Diffraction curves of undoped GaFeN samples 
grown with various Fe fluxes  



Figure 1. shows an example of diffraction curves of undoped GaFeN layers with different Fe concentrations. 
For higher Fe contents, the solubility limit of Fe was exceeded, resulting in the formation of precipitates. In 
the diffraction curves, we have found two diffraction maxima of precipitates and have identified the these 
maxima as originating from ε-Fe3N (hexagonal siderazot structure, PDF file #00-049-1663), in agreement 
with previous transmission electron microscopy studies [4]. From the FWHMs of these maxima estimated the 
mean diameter of the precipitates was estimated to be approximately 15 nm. Other, much narrower 

diffraction maxima in Fig. 1 were ascribed to 
the sapphire substrate and to diffractions from 
the GaN host lattice. 
In Fig. 2 we present a comparison of the 
diffraction curves of undoped and Si-doped 
GaFeN layers. 
  
 

 
From the results it clearly follows that 
codoping GaFeN with Si hinders indeed the 
growth of ε-Fe3N precipitates.   
So far only a preliminary conclusion can be 
drawn from diffraction curves of Mg-doped 

GaFeN layers, since the only GaFeN:Mg sample investigated up to now was not homogeneously Mg doped, 
but δ-doped, i.e. only a sequence of Mg doped layers separated by undoped regions were present. Again, ε-
Fe3N-related peaks disappear in Mg-doped samples. On the other hand, in these samples the presence of very 
small (few nm wide) inclusions of pure γ-Fe was detected; possibly caused by traces of γ-Fe on the sample 
surface as identified in TEM micrographs. 

Fig. 2. Diffraction curves of undoped (blue) and 
Si-doped (green) GaFeN layers 

 
 
 
 
 
 

Fig. 3. Diffraction curves of undoped (green) 
und Mg δ- doped (blue) GaFeN layers 

 
 
 
 
 

Summarizing, the diffraction curves measured during the SI-1633 experiment demonstrate for the first time 
that the codoping of GaFeN both by Si donor impurities hinders the creation of Fe-rich incoherent 
precipitates in the GaFeN matrix. This result is therefore a direct experimental proof of the hypothesis 
published in Ref. [3]. 
The role of acceptor impurities (Mg-ions) has to be studied further in homogeneously doped samples.  
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