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Report: 
This experiment is associated with the French research network STRESSNET, aimed at a detailed 
understanding of mechanical stresses in nanostructures. Within STRESSNET different samples will be 
fabricated: blanket Cu films capped with SixNy and capped lines with different aspect ratios. The width 
ranges from 0.3 µm to 3 µm and the thickness is about 0.5 µm. Previous experiments in lab showed the 
occurrence of two main texture components : <111> and <002>.  
The experimental procedure has been as follows: the line arrays have been cycled in temperature under 
vacuum between room temperature and 500 °C at a heating rate of about 5-10°C/min. Every 60°C, three 111 
peaks owing to the <111> texture component have been recorded in the θ/2θ mode, in order to follow two 
different in-plane azimuths: along the lines and perpendicular to the lines. Additional isothermal experiments 
have also been performed at temperatures selected in the plastic regime in order to investigate stress 
relaxation mechanisms. The position of the Bragg peaks have been plotted as a function of sin2ψ to 
determine stresses. Here ψ is the angle between the surface normal and the normal to the diffracting planes. 
To perform these experiments we used the Multitechnique goniometer together with the heating stage 
available at BM32. Since the thermal cycles are the result of a competition between strain rate and plastic 
deformation rate they are very sensitive to the heating rate. It is therefore very important to be able to 
monitor Bragg peaks for very short times. Unfortunately, the use of a NaI detector and the goniometer 
configuration (no Euler circle), leads to very long counting time and large goniometer rotations. For instance, 
one stress measurement at a given temperature took at least 45 min and two cycles between RT and 500°C 
took not less than 30 hours!!! This had the following consequences: 
- We limited our measurements to the <111> texture components. Of course the strong elastic anisotropy of 
Cu should induce large stress in homogeneity between the <111> and the <002> texture component and thus 
may have a large influence on the results. 
- This long measurement time is not compatible with strain relaxation rate observed in previous works for 
Cu. This was the case for the larger lines (3 µm). As a consequence, only the 0.3 µm lines were clearly 
investigated because their behavior are mainly thermoelastic (see below). 
- Finally, in addition to strain measurements, we expected to analyze the Bragg peak widths in order to get 
information about inhomogeneous strain fields. For some selected diffraction peaks several orders of 
diffraction (e.g. 111 and 222) could be analyzed in order to separate different contributions (size, 
microstrain). Once more, the long measurement time did not allow for the measurements of the second order. 



 

 
The main results are the following (figure 1). They have been obtained on the 0.3 µm lines. They showed a 
pure thermoelastic behavior of the lines. This is confirmed by FE simulations. 
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a)       b) 

Figure 1 : a) Experimental strains measured by X-ray diffraction on BM32 : along the normal to the surface ε3, parallel to the 
surface and perpendicular to the lines ε2 and along the lines ε1; b) Experimental stresses determined from the above strains along 

the normal to the surface σ3, parallel to the surface and perpendicular to the lines σ2 and along the lines σ1. 
 
Finite elements calculations : 

Finite elements calculations have been performed using ANSYS code for these 0.3 µm width Cu 
lines, assuming a thermoelastic behavior of the copper. The results are shown in figure 9. They are in good 
agreement with the experimental values for strains. In peculiar, we find these very low strain levels in the 
directions perpendicular to the lines (X2 and X3), and a very strong strain variation along the lines (X1). 
For the stresses, we find the same evolutions than for the experimental data. Nevertheless, the calculated 
stress variations are lower than those determined experimentally. This could be explained by the large elastic 
anisotropy of the copper (A=3) which is not yet taken into account in these simulations and by the 
occurrence of the <002> texture component which has not been measured during these shifts. 
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Figure 2 : Calculated strains with FE method (ANSYS) a) along the lines ε1, b) along the normal to the surface ε3 and parallel to 
the surface and perpendicular to the lines ε2 and c) Stresses deduced by FE method (ANSYS). 

 


