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Abstract 
 
 
Due to the strong polarization of wurtzite-type semiconductors (GaN and ZnO), ion-beam mixing has 

been suggested to increase the internal quantum efficiency through the formation of graded 

superlattices (SLs) [1]; however, the actual mechanism controlling the damage are greatly unknown. 

This work explores ion-induced intermixing and damage build up in GaN/AlN SLs with different 

dimensionality: quantum wells (QWs) and quantum dots (QDs) [3]. These systems show reduced 

intermixing by thermal treatments [2], but this work addresses the successful intermixing by ion 

implantation at very low temperatures. Sequential 100 keV Ar+ implantations were performed at 15 K 

and in situ analyzed by Rutherford backscattering spectrometry (RBS) in channelling mode. Further 

characterization was done by means of X-ray diffraction and transmission electron microscopy (TEM). 

Results agree with a 3-step damage model with an amorphization threshold of 40 displacements per 

atom (higher than for bulk GaN). However, the SLs show significant differences in the saturation level of 

defects at high fluences (>1015 cm-2), this being higher for QDs than for QWs. Compositional depth 

profiles obtained by TEM were fitted with an interdiffusion model, demonstrating that the higher damage 

in 0D structures is correlated with a larger diffusion length. Furthermore, the high radiation resistance of 

SLs as compared to bulk GaN is demonstrated. 
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(Left) HAADF-STEM images showing the different intermixing of QDs (a) and QWs (b) implanted to a 
fluence of 2·1016 cm-2. The inset shows the aspect of as-grown QDs for comparison. Brighter layers 
correspond to Ga-rich zones. 

 

(Right) Depth-resolved information obtained for QDs and QWs implanted to a fluence of 2·1016 cm-2. (a) 
Ar profiles (symbols) extracted from RBS data compared with the expected ion profile from SRIM (line). 
(b) Damage distribution extracted from RBS data (symbols) compared with SRIM calculation (line). (c) 
Diffusion length calculated from HAADF fits following Eq. (3). (d) Intermixing efficiency Q calculated 
from Eq. (4). Note the semilogarithmic scale. 

 

 


