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Introduction 

 

III-nitrides have become more and more important for the semiconductor 

industry during recent years due to their direct band structure and other 

electronic properties playing a key role in optoelectronics [1] and high 

temperature and high-power applications. 

Unfortunately growth of III nitrides is rather difficult [2]. The costly 

methods produce high defect density material. Although III-nitride based 

devices will operate at much higher defect densities than e.g. Si based 

devices [3] most of today’s research aims to decrease the defect density in 

nitride material.  

The bulk growth techniques for these material have failed to fulfil the 

requirements for device fabrication [4]. Most commonly epitaxial layers 

grown on sapphire are used. For III-nitride based devices the hetero 

epitaxial growth of different AlGaInN alloys is carried out. This has led us 

to investigate the growth of AlInN alloys that are lattice matched to GaN 

and to develop a new method for the investigation of such structures. 

In the first chapter of the results I report on experiments with AlInN alloys. 

In the second chapter I summarize my investigation on a new method for 

decreasing the stress in growing GaN films. Results of a new technique for 

decreasing defect density of GaN films and the special sample preparation 

technique for the characterisation of such films is found in the third chapter. 



Experimental and Characterisation Techniques 

 

Our films were deposited by UHV reactive DC magnetron sputtering. This 

method was chosen for its flexibility, simplicity and low costs. The back 

draw of this method is that it produces high defect densities compared to 

chemical methods applied in device fabrication. The growth experiments 

were carried out at IFM, Linköpings University. Most of the 

characterisation was carried out by TEM (transmission electron 

microscopes Philips CM20 and CM20-UT 200 kV). In addition I carried out 

X-ray diffraction optical microscopy and scanning electron microscopy 

measurements. The transparent specimens for TEM were prepared by ion 

milling using 10kV Ar
+
 ion beam. In some cases the resultant amorphized 

surface layer was decreased by low energy ion milling (200-500V). 

 

New scientific results 

 

1.) AlInN alloy films [S1-S3] 

a) AlInN alloy films of various composition were grown and characterised. 

We synthesised alloys within the 10%-90% immiscibility gap and stated 

that the In content of the film grown at 900°C was very low. 

b.) I discovered a novel structure grown at low temperature (300°C) 

consisting of curved whiskers which was named nanograss after its 

morphology. The nanograss consists of 10-20 nm wide 300 nm long 

whiskers in which the hexagonal structure is bent approximately in the same 

way as the whiskers. 



c.) I developed a novel growth model for the nanograss depending on the 

geometrical constraints of the growth experiment. According to the model 

the curvature is assigned to a concentration gradient across the columns 

which results in a gradient in the lattice parameters. I proposed a 

geometrical transformation that transforms points of a crystal structure to 

the curved structure of the nanograss. 

 

2.) InN buffer layers [S4] 

a.) I proposed the growth of low adhesion AlN films and carried out such 

experiments by magnetron sputtering on MgO and Sapphire substrates and 

the application of InN buffer layers. 

b.) I applied a double buffer layer consisting of InN and AlN (or AlInN) 

layers. After the deposition of the AlN buffer InN was broken down by heat 

treatment, hence the AlN buffer was detached from the substrate. On top of 

this buffer a thick (~200 nm) AlN film was deposited. 

c.) I made experiments with several modified versions of the above 

procedure. In these experiments I used AlInN buffer instead of AlN and I 

interchanged some steps of the procedure. The best result was achieved by 

applying InN and AlInN buffers. 

 

3.) Preparation of buried interfaces in plan-view. [S5] 

a.) For the investigation of the buried interfaces under thick (~10 µm) GaN 

films I developed an ion milling technique for the preparation of these (or 

similar) interfaces in plan-view. 

b.) With this technique I was able to prepare an area of the interface larger 

than 10×10 µm
2
 suitable for obtaining morphological information. The 

method could be applied for local determination of the epitaxial relationship 



due to moiré fringes detected. Following this method plan-view specimens 

of the interface can be prepared out of conventional plan-view specimens. 

c.) The method was demonstrated on GaN/sapphire interface containing a-

SiNx islands. 

d.) The method was reported in detail and its applicability on other 

materials was discussed. 

 

 

Concusions 

 

1.) Alloys of III-nitride material with non-equilibrium composition were 

synthesised with parameters advantageous for the semiconductor industry. 

In addition a novel structure consisting of curved whiskers, the nanograss 

was discovered. The aperiodic yet deterministic structure is expected to 

exhibit unique properties. The growth model can be used to grow nano 

fibers with predefined parameters and for investigating the factors (such as 

surface diffusion, geometrical effects) influencing growth.  

 

2.) I developed a growth technique applying AlN/InN/sapphire structures 

which will probably find its application in the fabrication of GaN wafers. In 

addition to the core of the concept I investigated factors influencing the 

growth and the quality of the films. 

 

3.) The method I developed makes plan-view preparation of buried 

interfaces a routine task. With this new method the defect structure and 

inclusions at the interface can be investigated more reliably in shorter times. 
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