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Introduction 
 
 Multilayers and superlattices, with thickness of few nanometers, are of 
considerable experimental and theoretical interest because of their specific properties 
(e.g. magnetic, electronic, mechanical and optical) and many promising areas of 
applications. These properties are usually related to the high interphase density and 
sometimes to the additional defects (grain boundaries, dislocations, mismatch stresses, 
etc.). However, the multilayers as artificial, compositionally modulated materials are not 
equilibrium structures. In particular, sufficient atomic mobility even at moderated 
temperatures, hence changes in the composition profile are expected to occur. Thus, 
investigation of the factors controlling structural changes of these multilayers is very 
important for the interpretation of their operation and prediction of their lifetime.  
 

Since most structural changes are related to atomic diffusion, any real 
understanding of the structural transformation, homogenization, etc., must be based on 
the knowledge of the diffusion processes. Sophisticated preparation techniques 
nowadays make the fabrication of multilayers with almost atomically sharp interfaces 
possible. Thus, they can be used as ideal systems to check theoretical models (e.g. 
spinodal decomposition, diffusion along distances comparable to the atomic spacing, 
effects of as grown and diffusion induced stresses, interfaces migration, interfaces 
diffusion). For examples the lowest bulk diffusivities (down to 10-27 m2/s) can be 
measured by multilayer techniques. 
 
 Aims 
 

In this work a detailed analysis was given regarding the strong concentration 
dependence of the diffusion coefficients in amorphous multilayers. It is based on 
experimental results obtained by small angle X-Ray diffraction (SAXRD), Transmission 
Electron Microscope (TEM), Rutherford backscattering (RBS) and Auger-depth profiling. 
The dissertation contains new results in the following areas: 
 

- Experimental results confirm the theoretically predicted strong concentration 
dependence of the interdiffusion coefficient in amorphous Si/Ge system. The 
interdiffusion coefficient was determined from the change in the small angle X-
ray diffraction satellites intensities. 

    
- Direct experimental evidences on the diffusion asymmetry in Si/Ge multilayers 

were given by RBS and Auger depth profiling technique. 
 

- Laser and heat induced optical changes were investigated in amorphous 
multilayers. Common features of stimulated structural transformations were 
discussed. Characterization of mechanism of the light- or heat-induced 
structural changes and interdiffusion as well as their interrelation with the 
optical parameters were also given. 



 

 Results 
 
- Interdiffusion in amorphous Si/Ge multilayers, produced by DC magnetron 

sputtering with different modulation wavelength (2-9 nm) and nearly equal 
thickness of sublayers, was investigated. Experimental results, obtained from small 
angle X-ray diffraction, show a significant initial curvature on the lnI/Io vs. t curve 
(I/Io is the normalized height of the first-order small angle X-ray diffraction peak, t 
is the time). The origin of this behavior previously was attributed to the effects of 
structural relaxation and stresses. From our experimental results, which was 
confirmed by theoretical calculations, can be clearly seen that the origin of this 
curvature is due to a concentration dependence of interdiffusion coefficient rather 
then to the structural relaxation. 

 
- The theoretically predicted and experimentally indicated (by X-Ray diffraction 

and Rutherford backscattering measurements) thickening of the Ge layer was 
shown by Auger depth profiling technique. The results clearly show that the 
diffusion is very asymmetric: during annealing the silicon could enter into the 
germanium layer but the germanium could not diffuse into the silicon; at the 
same time, due to the silicon diffusion the germanium layer become thicker. It 
was also clear that during the heat treatment the sharpness of the interface 
remained the same. These results clearly indicated that the diffusion coefficient 
should strongly depend on the concentration and consequently measurements 
based on the SAXRD of multilayers could not be interpreted by neglecting non-
linear effects. It was shown that it was possible to determine the concentration 
dependence of diffusion coefficient from plot of the lnI/Io vs. t curves.  

 
- The changes of optical parameters of amorphous Si/Ge multilayers during heat 

treatment and laser illumination was investigated. The results were compared to 
previous results on chalcogenide glasses (AsSe, Se/As2Se3). In amorphous Si and Ge 
single layers we could not detect noticeable changes under illumination, while the 
photo darkening was observed in single chalcogenide layer (As, Se). Blue shift of 
optical absorption edge was observed in all as-deposited multilayers, which can be 
connected with quantum-confinement effects. With decreasing thickness of the 
“valley” layers, and/or with the appearance and growth of intermixed layers due to 
interdiffusion, further shift and further bleaching of the multilayers was observed. 

 
- It is shown that the blue-shift of the fundamental absorption edge in as-deposited 

compositionally modulated amorphous Si/Ge and As6Se94/Se80Te20 multilayers is 
further enhanced due to the thermal or laser-induced intermixing of adjacent 
layers. The laser-induced intermixing process, as supported by experiments and 
model calculations, can be attributed to both the local heating and photo-effects 
in As6Se94/Se80Te20 multilayers, while only the thermal effects were observed for 
Si/Ge multilayers. Structural transformations, based on this enhanced 
interdiffusion, provides good capability for spatially patterning optoelectronic 
devices and digital information recording. 
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