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The ternary alloy InGaN has been subject to considerable investigation because of its importance as 
an active medium in electro optical devices. Early investigations [1] showed surprisingly that the 
InGaN thin films of these devices exhibit chemical fluctuation forming nanoscale Indium rich 
clusters. This may be a consequence of the wide miscibility gap of InxGa1-xN alloys. However the 
driving force causing these fluctuations has yet to be established. Investigations of thicker InGaN 
layers promise to provide a more complete understanding of effects governing this phase separation, 
which is crucial to growing layers of better homogeneity. The main difference between thick layers 
and quantum wells is their strain state. The former are grown above the critical thickness and are in a 
partially relaxed state, while the latter are grown pseudomorphically and are strained by the 
substrate. Karpov performed calculations of the phase diagram of InGaN taking into account 
contributions of strain to the Gibbs free energy. It is shown that strain can effectively suppress 
decomposition for low (x<0.2) Indium concentration and the miscibility gap is skewed towards 
larger x [2]. However, it is still uncertain if decomposition in bulk and thin InGaN layers is governed 
by a similar process. 
 
In previous studies both thin and thick InGaN layers with a wide range of Indium concentration 
showed a composition dependent amplitude of chemical fluctuations [3, 4]. Other studies on thick 
InGaN layers reported periodic contrast fluctuations in TEM micrographs. Shoulders in diffraction 
spots were associated with these fluctuations and interpreted as chemical decomposition. The 
wavelength of the modulations is computed to be 20 to 3 nm for samples with Indium concentration 
between 0.21 and 0.34 [5, 6]. Although these publications give convincing evidence of spinodal 
decomposition and ordering in InGaN thick layers, a quantitative study at a microscopic level is 
desirable. 
 
In this talk we present the first quantitative measurement of periodic Indium concentration 
fluctuations in epitaxial InxGa1-xN layers. This was achieved by strain field analysis from 
reconstructed high resolution TEM (HRTEM) micrographs to map local chemical composition. 
Strain mapping is a powerful tool which has been widely used to study InGaN quantum well 
heterostructures but there are no reports of the technique being applied to decomposed thick layers. 
Figure 1 a shows a HRTEM micrograph of a series of 20 images used for exit wave reconstruction. 
Strain mapping on the reconstructed image shows stripes of different Indium concentration (Fig. 1 b) 
corresponding to contrast in the HRTEM image. 
 
An interpretation of the fluctuations in the framework of the Cahn-Hilliard equations shows, that 
both wavelength and amplitude are important parameters for the understanding of spinodal 
decomposition in InGaN.  Further we compare our results with previous studies on the amplitude of 
decomposition and suggest that very similar processes must govern phase separation in bulk and thin 
InGaN layers. 
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Fig. 1. (a) one of the HRTEM micrographs used for exit wave reonstruction. The InGaN layer shows 
contrast modulation corresponding to variations in c-lattice constant as extracted from the 
reconstructed image. (b) shows the strain map converted to Indium concentration (white areas 
correspond to vacuum or areas where no lattice constant could be extracted). 
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