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Report:

To develop, test, optimize and finally obtain the first analyzable ReflEXAFS spectra at BM29, a set 

of simple samples was prepared and measured at BM29 beamline. Multilayers of metallic Cu and 

Cr over Si (100) wafers were grown by DC Magnetron Sputtering Physical Vapor Deposition. The 

samples are made of a periodic (CuCr)xN structure, where N = 2, 4 and 8, being the period a Cu/Cr 

bilayer.  Deposition time was controlled in order to keep the total thickness around 200 Å, as well 

as to keep the Cu:Cr thicknesses ratio equal to 2:1.

Prior  to  the  ReflEXAFS  measurements,  sample  layers  composition  and  absolute  atomic 

concentration  were  measured  by  Rutherford  Backscattering  Spectrometry  (RBS).  Layers 

thicknesses and roughnesses were measured by X-ray reflectometry (XRR). Surface roughnesses 

were measured by Atomic Force Microscopy (AFM). A micrograph of the sample CuCrx8 surface 

is shown in Fig. 1b.

In the standard procedure followed to perform the ReflEXAFS measurements, the sample and the 

reflectometer has to be accurately aligned in a first instance, using the protocol described in [1].

Then, a XRR spectrum at low angles (from 0 to 1.5 deg) was recorded in order to choose the best 

angles for ReflEXAFS spectra. These are the ones that allow different penetration depths while 

maintaining a high reflectivity due to the interference effects that these layered samples show. Once 

the angles were chosen, an EXAFS-like energy scan was recorded. 

The samples were measured by ReflEXAFS at angles selected, at the Cu-K absorption edge. The 



spectra for all the angles for CuCrx4 sample are shown in Fig. 1a.  Both the background with the 

typical interference pattern due to the multilayers reflection and the EXAFS fine structure can be 

seen. 

The  lowest  workable  angle  spectrum for  each  sample  were  analyzed  using  the  total  reflection 

approximation[2], and the FEFF 6 and FEFFIT 2.54 codes. The Fourier transform of the spectra for 

sample CuCrx2 with its fit is shown in Fig. 1c.

The results show that the Cu metal structure is maintained. However, the high Debye-Waller factors 

show that there is an increasing structural disorder for decreasing thicknesses of the samples. The 

AFM  images  and  the  Fourier  transform  of  the  EXAFS  spectra  also  show  that  some  surface 

oxidation has taken place in the case of sample CuCrx8.

Fig. 1: (a) Experimental ReflEXAFS spectra for sample CuCrx4 for all the incidence angles. (b) AFM image of sample 

CuCrx8 surface. (c) Fourier transform of the EXAFS spectrum recorded at 0.275 deg, and best fit.
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