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Pd/Y multilayers are high reflectance mirrors designed to work in the 7.5-11 nm wavelength 
range. Samples, prepared by magnetron sputtering, are deposited with or without B4C barrier 
layers located at the interfaces of Pd and Y layers to reduce interdiffusion, which is expected 
by calculating mixing enthalpy of Pd and Y. Grazing incident x-ray reflectometry is used to 
characterize these multilayers. B4C barrier layers are found effective on reducing the Pd-Y 
interdiffusion. Details of the composition of the multilayers are revealed by hard x-ray 
photoemission spectroscopy under x-ray standing waves effect. It consists in measuring the 
photoemission intensity from samples that perform an angular scan in the region 
corresponding to the multilayer period and the incident photon energy according to the Bragg 
law. The experimental result indicates that Pd does not chemically react with B nor C at the 
Pd-B4C interfaces while Y does at the Y-B4C interfaces. The formation of Y-B or Y-C 
chemical compound can be the reason why the interfaces are stabilized. By comparing the 
experimentally obtained angular variation of the characteristic photoemission with the 
theoretical calculation, the depth distribution of each component element can be interpreted. 
 

 
Figure 1: (A) Experimental setup and (B) depth distribution of the x-ray standing wave 

electric field within a B4C/Pd/B4C/Y multilayer irradiated by a 10 keV photon beam. 
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About 20 years ago, André1 suggested to use a multilayer interferential transmission mirror as 
a soft x-ray fluorescence spectrometer by placing the multilayer between a sample emitting 
some characteristic radiation to be analyzed and an x-ray detector. In the transmittance curve 
of the multilayer measured as a function of the detection angle,  the presence of a dip indicates 
the occurrence of a fluorescence emission. From the Bragg law the fluorescence wavelength 
can be determined allowing the identification of the chemical element. 

 

Figure 1: measured and calculated angular distribution of the transmittance of a 
[B4C/Pd/B4C/Y]x20 multilayer at the wavelength of the Si Kα emission from the Si substrate.  
 
The dip in the angular distribution of the Si Kα characteristic emission, originating from the 
substrate and transmitted through the B4C/Pd/B4C/Y periodic multilayer, is clearly observed 
in Figure 1. It is well in agreement with simulation. The emission is induced upon proton 
irradiation through the multilayer and detected with an energy-sensitive CCD camera. Such a 
device can be envisaged as a spectrometer without mechanical displacement and using 
various ionizing sources (electrons, x-rays, ions). 
 
1 J.-M. André, Rev. Sci. Instrum. 69, 1267 (1998) 
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While waveguide optic is ubiquitous in the visible and infrared spectral range, it is still much 
less developed in the X-ray regime. X-ray waveguides can be used as spatial and coherence 
filters for X-ray coherent imaging. They are usually designed and fabricated with a low 
density guiding layer embedded in high density cladding layers. The interfaces of the thin film 
waveguides play a crucial role in their service reliabilities. In this study, Pt/Fe/Pt and Ta/Cr/Pt 
thin film waveguides are firstly designed by using the IMD software, and then deposited on Si 
substrates by magnetron sputtering. Grazing incident x-ray reflectometry is performed to 
obtain the geometrical information of the designed thin films waveguides. The Kossel 
interference of proton-induced X-ray emission lines (PIXE) [1], as a non-destructive way, is 
used to analyze the interfaces of the thin films, as shown in Fig.1. PIXE is an X-ray 
spectrographic technique, which can measure the characteristic radiations emitted by electron 
transitions and identify each element. It is used in Kossel geometry to obtain what we call 
Kossel curves, i.e. the angular distributions of the intensity of the characteristics emissions. In 
our experimental conditions, we use an energy dispersive CCD camera, which enables 
performing the experiment without any rotation of the sample or camera. By comparing the 
experimentally obtained Kossel curves of the characteristic emissions and the simulated ones, 
the interfacial environments of the studied stacks can be explained.  

 
Fig. 1. Experimental setup of the PIXE-Kossel experiment. A column of pixels of the CCD 
camera measures the emitted intensity at one angle. The 256 columns enables scanning a 3° 

angular range without moving any part of the experiment. 
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A four-layer stack, Al/ZrC/Al/W/Si substrate, designed as a planar x-ray waveguide, is 
characterized by combining grazing-incidence x-ray reflectivity (GIXRF) and x-ray diffuse 
scattering (XDS). The sample is prepared by magnetron sputtering and the aimed thicknesses 
of the different layers are in the order of 10 nm. The experiments are performed on the 
Métrologie beam line of the SOLEIL synchrotron facility by using the CASTOR setup. 

The incident photon energy was chosen to be 10.25 keV. GIXRF experiment is done 
by measuring the intensity of the characteristic W Lα and Zr Lα emission lines as a function 
of the glancing angle between the incident hard x-ray beam and the surface of the sample. The 
variation of the angle is obtained through rotation of the sample. The XDS curves are 
obtained at fixed detector and source positions. In this case, rocking or ω scan, the sample is 
rotated while there is a fixed 2° angle between the incident and detected beams. A guided 
mode feature is present in each experiment, see Figure 1 around 0.22° in both GIXRF and 
XDS curves. This demonstrates the concentration of the electric field of the incident radiation 
inside the buried Al layer. 

The simulations should enable obtaining a description of the stack, particularly of the 
interdifussion zones present at the interfaces. The combination of both GIXRF and XDS 
results puts constraints on the fit process and makes us expecting a precise description of this 
Al/ZrC/Al/W planar waveguide. 
 

 
Figure 1: Al/ZrC/Al/W/Si substrate system. (a) Experimental (solid-dotted line) and 

simulated (dashed line) GIXRF curve of the W Lα emission;(b) Experimental (solid line) and 
simulated (dashed line) diffuse scattering curves at 10.25 keV. 
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