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Non-specular (diffuse) X-ray scattering is a method to obtain quantitative information of buried interfaces 
and multilayers: While the specular X-ray reflectivity provides information about the structures 
perpendicular to the surface of the sample (surface and interface roughness, layer thickness and density), 
diffuse X-ray scattering gives information on the in-plane and out-of-plane structure of the involved 
interfaces [1-3]. Combining diffuse X-ray scattering with X-ray absorption spectroscopy may give additional 
information such as the chemical valence and the local atomic environment of atoms which are located in 
surface and interface regions [4-6]. Making use of the angular correlation of the Yoneda-peak with the 
density of the X-ray scattering material (see e.g. [7] and Fig. 1), different interfaces can be selected by a 
proper choice of the scattering (exit) angles. Therefore, by measuring the X-ray absorption fine structure for 
well defined incidence and exit angles, it is possible to study the atomic short range order and the chemical 
state of a chosen element in a chosen depth position inside a multilayered sample [6, 8]. Due to the small 
diffuse reflectivities of typically less than 10-3 or 10-4, the X-ray reflectivity fine structure has to be measured 
with an accuracy of at least 0.1% on this low intensity level, i.e. with an absolute precision of better than 10-5 
– 10-6.  
 
Successful experiments have so far been performed using ionization chambers as detectors, and incidence as 
well as exit angles were defined by slit systems [4-6, 8]. As a consequence the different diffuse scattering 
peaks have to measured sequentially, so that the data collection for a single sample may exceed several 
hours, even if high intensity wiggler beamlines are used. In the work described here, we want to investigate 
the feasibility of Yoneda-XAFS experiments using improved area X-ray detectors to collect the entire 
scattering pattern in parallel and employing a subsequent data analysis to separate the different contributions 
in the pattern. The present experiments were made using the Pilatus 100 K detector [9] at ESRF ROBL 
beamline BL20. Test sample was a Bi (20 nm)/Au (200 nm)-bilayer on a float glass substrate prepared by 
vacuum depostition. The entire scattering pattern was evaluated for each energy while scanning across the 
Au L3 (11919 eV) and the Bi L3 (13419 eV) absorption edges.  Selected examples of collected patterns are 
shown in Fig. 1 for three different energies in the vicinity of the Au L3 edge. As can clearly be seen, the 
intensity of the diffuse scattering strongly depends on the X-ray energy and the scattering angle, i.e. the 
diffuse scattering from the smaller exit angle (outer Bi-air surface) is not dramatically altered when the 
energy is scanned through the Au L3-edge, while the pattern related to the larger exit angle (inner Bi-Au 
interface) dramatically drops down in this energy range (Fig. 1c). 
 



 

 

 

 
 
This behaviour is also observed in the EXAFS spectra calculated from these diffuse X-ray scattering profiles. 
As can be seen in Fig. 2, the intensity measured for the Yoneda-peak with the larger exit angle (smaller y-
coordinate in Fig. 1) is always smaller compared to that related to the smaller exit angle (larger y-
coordinate). While a distinct Au L3-edge can be seen in the first Yoneda peak, no edge can be seen in the 
scattering related to the second feature. Furthermore, the Bi L3-edge spectrum related to the first peak shows 
a fine structure similar to that of metallic Bi, while that of the second peak resembles that of Bi2O3 oxide. 
The qualitative interpretation of these observations is clear: The diffuse scattering related to the larger exit 
angle is related to the inner Au-Bi interface, where both elements are present in a metallic form. 
 

 
Fig. 2: Non-specular reflection mode EXAFS experiments at the Au L3- and Bi L3-edges for an incidence 
angle φ = 0.5° and exit angles according to the Yoneda peaks shown in Fig. 1. The inset depicts a model of 
the layer structure of the sample. 
 

Fig. 1: Scattering pattern from a Bi/Au/glass sample for 
different photon energies in the vicinity of the Au L3-
edge and an incidence angle φ=0.5°: (a) 11800 eV, (b) 
11919 eV, (c) 12000 eV. The intense feature at an y-
coordinate of about 173 ± 3 pixel  corresponds to the 
Yoneda peak of the outer Bi-air surface, and the spot at 
y = 167 ± 2 pixel belongs to the inner Bi-Au interface, 
respectively. Regions of interest were defined around 
these two spots for the collection of diffuse EXAFS 
spectra. 



 

On the other hand, no gold is present at the outer surface of the bilayer, and thus no Au L3-edge is observed 
for the smaller exit angle. Due to the chemical reactivity of Bi metal, the latter metal is oxidized at its air-side 
surface, forming a thin oxide layer of about 1-2 nm thickness [10], and accordingly, the X-ray absorption fine 
structure in the diffuse scattering reveals features similar to that of Bi2O3 (see e.g. [11]) due to strong 
contributions of the outermost surface to the scattered signals. 
 
A detailed modelling of the measured data is currently in progress in order to determine the thickness of the 
Bi oxide layer at the surface. Furthermore, the possible formation of a gold-bismuth alloy at the inner 
interface should result in modifications of the EXAFS detected at the Yoneda peak at larger exit angles, and 
thus a very careful analysis is required to identify such interfacial phases. A more detailed publication is 
currently in preparation [12]. 
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