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The development of specialised electronics drives the need for materials that can 
operate in conditions that cannot be met by Si-based devices. Such harsh conditions can be 
defined by high temperature, high reactivity environments or high power load on the device. 
Due to their wide band gap, semiconductors from the III-N group are seen as promising 
candidates for such applications. Nevertheless, a device itself is not only composed of the 
semiconductor and one has also to take into account the issues of electric contacts, heat 
dissipators, packaging etc. This work concerns studies on phase formation of thermally 
stable, oxidation-resistant ohmic contacts to n-type GaN. 

An ohmic contact to n-GaN conventionally used is a Ti/Al Bilayer [1]. The idea 
behind this study was to replace this bilayer with a Ti-Al-N MAX phase. The MAX phases 
are material phases exhibiting both metallic (good thermal and electrical conductivity) and 
ceramic (high hardness, oxidation resistance) properties [2,3]. Their hexagonal elemental 
cells are constructed of transition metal atoms (M), a IIIA or IVA-group element (A) and 
nitrogen or carbon (X) and have a MN+1AXN stoichiometry, where N=1,2 or 3. The unique 
material properties of the phases arise from their nanolaminate structure (see fig. 1).  

The samples were prepared using sputter deposition by two methods. First: TiN, Ti 
and Al multilayers were deposited on GaN (0001) substrates and subsequently annealed in Ar 
flow in 600oC Second: several Ti/Al bilayers were deposited on a GaN (0001) substrate and 
annealed in a N2 flow at 600oC.  

Phase transformations in the interface region were characterised by conventional and 
high resolution transmission electron microscopy (TEM) in cross-section. Transparent TEM 
specimens were prepared by Ar+ ion milling at 10 keV, and finished at 3 keV in order to 
decrease the ion beam damage. Conventional TEM images were taken on a Philips CM20 
transmission electron microscope working at 200 kV, while high resolution images were 
taken on a JEOL 3010 operating at 300 kV. Elemental maps of the areas were also measured. 

Secondary Ion Mass Spectrometry depth profiles (CAMECA IMS6F) and X-Ray 
Diffractometry (Phillips X’Pert) were performed for complementary characterisation.  

The results obtained show that in some of the samples a new material phase forms on 
the interface with the substrate (see fig.2 and fig.3). A HR-TEM image shown on fig. 2.b. 
shows the laminar structure of this phase and the spacing between the layers to be equal to 
0.75 nm. When assumed that this spacing is between two subsequent layers of MX and A 
atoms it is seen that for a Ti2AlN unitary cell the cell parameter c is equal to two times this 
value giving 15 Å. From the XRD measurements for this sample a c = 13.9 Å is obtained. A c 
= 13.6 Å value is given by Barsoum [2]. Based on these figures one can identify the phase 
observed in the samples as the Ti2AlN phase. 
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Figure 1. MAX phase cell. 
 

a)  b)  
Figure 2. (a) TEM image of sample M01, (b) HR-TEM image of the interface region 
 

 
Figure 3. SIMS depth profile of sample M01 
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