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 Continuous developments in experimental spectroscopic techniques in the soft X-ray range 

enabled the measurement of light elements spectra including lithium (Li). Common techniques 

used in this range with different dispersive optical elements are high spectral resolution grating 

spectrometer [1] with resolving power reaching 0.01, reflection zone plates [2], and multilayers 

that can be implemented directly on the electron microprobe analyzers (EPMA) or scanning 

electron microscopes (SEM) [3]. However, difficulties in this spectral range persist; for 

instance, the low detection efficiency, limited spectral resolution and poor fluorescence yield, 

making very few Li K spectra available.  

The aim of this research is to study the electronic structure of different lithium compounds 

including lithium metal, lithium carbonate (Li2CO3), LFS (Li2FeSiO4), lithium peroxide 

(Li2O2), lithium oxide (Li2O), lithium aluminate (LiAlO2), lithium niobate (LiNbO3) and 

lithium fluoride (LiF). Theoretical studies including the electronic density of states (DOS), X-

ray absorption and emission spectra were simulated using density functional theory (DFT) 

calculations adopting the Wien2k code. Emission and absorption spectra were obtained by 

convolving the occupied and unoccupied DOS respectively, with a Lorentzian to account for 

the core hole bandwidth and a Gaussian for the experimental broadening. These results are 

compared with the available experimental. The obtained results show that the shape and energy 

of the features of spectra are sensitive to the chemical state of the emitting atom. 
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Proton or particle induced x-ray emission (PIXE) associated with Kossel diffraction (the 

equivalent of GEXRF, grazing exit x-ray fluorescence, but with x-ray excitation) can be used 

to study stacks of thin nanometer films. With this technique, a sample is irradiated by a proton 

or ion beam, leading to ionizations in the core levels of the elements present in the sample. 

Then, characteristic x-ray emission is generated within the multilayer stack and at the same 

time is amplified through constructive interferences along a preferential direction of emission. 

Finally, the intensity of the emitted radiation is measured as a function of the detection angle 

around this privileged direction, leading to a so-called Kossel curve. Fitting this Kossel curve 

enables determining the structure, the depth profile, of the multilayer stack. 

To obtain the necessary angular resolution needed to get contrasted Kossel curves, the detection 

should take place far away from the emitting sample. This, combined with the requirement of 

the angular scanning can lead to very long experiments. A way to overcome this drawback, is 

to use as detector an energy dispersive CCD camera (sometimes called color camera). In this 

case, each pixel of the camera leads to the acquisition of a spectrum in the energy dispersive 

mode, making it possible to obtain Kossel curves for all characteristic emissions of interest, 

without scanning, with a good angular resolution and in a limited time. 

We explain how works the acquisition setup and how it is possible to extract information about 

the stack of thin films and its interfaces, in the framework of the study of a planar x-ray 

waveguide, a stack of three thin films. In the case of a Pt/Fe/Pt stack deposited by magnetron 

sputtering on a flat silicon substrate, we give evidence of the presence of a thin (1.5 nm thick) 

interlayer at both interfaces, Pt-on-Fe and Fe-on-Pt. 

 

 
Left: principle of Kossel diffraction; 

Middle: scheme of the PIXE-Kossel experiment; 

Right: Fe K Kossel curve obtained on a Pt/Fe/Pt waveguide. 
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The Ta/Cr/Pt trilayer system can be used as a planar x-ray waveguide, that is to say it can guide 

an x-ray beam inside its chromium layer. This property comes from the difference of density 

and hence of optical index between the two “heavy” or cladding tantalum and platinum layers 

and the “light” or guiding chromium layer. The waveguide will be efficient provided the layers 

are a few nanometers thick and that the interfaces are as sharp as possible.  

To control the quality of the stack, we perform grazing incidence x-ray fluorescence (GIXRF) 

and x-ray reflectivity (XRR) measurements on a series of Ta/Cr/Pt samples, whose only 

difference is the thickness of the Cr layer. XRR is widely used for thin film analysis. Its 

combination with GIXRF enables constraining the parameters used to simulate the stack: 

thickness, roughness, composition and density of the layers and their interlayers. This 

represents a lot of free parameters to fit, without being sure that the fitting process leads to a 

unique solution. This is why combining various results obtained on the same system enables 

approaching a reliable description of the stack. With this idea, for each sample we used six 

GIXRF curves obtained from three different characteristic x-ray lines (Ta Lalpha, Cr Kalpha 

and Pt Lbeta2,15) excited at three different energies of incident photons (6.25, 10 and 12 keV) 

as well as a XRR curve obtained at 6.25 keV. 

The three considered samples have been deposited by magnetron sputtering and their designed 

structures are the following ones: Ta (8 nm) / Cr (5, 10 and 15 nm) / Pt (14 nm) / Si substrate. 

Experiment took place at the Métrologie beam line of the SOLEIL synchrotron facility. We 

show that the structure Ta/Cr/Pt is too simplistic and that it is necessary to introduce some 

interlayers to obtain a reliable agreement between the experimental and simulated GIXRF and 

XRR curves. 
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Periodic multilayer mirrors whose layers are some nanometers thick have potential 

application as optical components in X-ray microscopy, particularly, working in the water 

window region. The water window range, located between the absorption edges of carbon (285 

eV) and oxygen (530eV), along with the presence of nitrogen K absorption edge (395 eV), 

makes it a powerful method for imaging biological samples due to the natural optical contrast 

between water and carbon [1]. We characterized Mg/Sc and Sc/Mg bilayers with ZrC thin layer 

prepared by ion beam sputtering. The introduction of ZrC is studied to investigate their effect 

on the Mg-Sc interfaces and on the overall structure of the stack. 

The structural analysis of the bilayers was carried out by using grazing incidence X-ray 

reflectivity (XRR) to obtain non-destructively a first description of the structural parameters, 

thickness, roughness, and density of the layers. Resonant soft x-ray reflectivity measurements 

in the vicinity of Sc L-absorption edge (around 405 eV) were performed to investigate and to 

quantify the atomic distribution of deposited layers. Near absorption edge, the atomic scattering 

factor of an element changes sharply depending on its chemical environment inside the 

structure. Additional information about elemental distribution in buried layers and interfaces 

were obtained with secondary ion mass spectrometry (SIMS). Mg-on-Sc and Sc-on- Mg 

interfaces both have high roughness (~1nm) and are thus prone to interdifussion. Reflectivity 

of 27% for [Sc/Mg]x25 multilayer is achieved at the glancing angle of 12.6°corresponding to 

incident photon energy of 405eV. Such a multilayer is ideal for application as optical 

components in x-ray spectroscopy in the range of the nitrogen K emission band. 

 

[1] P. Jonnard, M. Wu, K. Le Guen, A. Giglia, K. Koshmak, Q. Huang, Z. Zhang, Z. Wang, I. Esteve, N. 

Menguy, B. Doisneau, Characterization of Sc/Mg multilayers with and without Co barriers layers for x-ray 

spectroscopy in the water window range, J. Appl. Phys. 126 (2019). 
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The water window range, located between the absorption edges of carbon (285 eV) and oxygen 

(530 eV), along with the presence of nitrogen K absorption edge (395 eV), known for imaging 

biological samples, is also particularly interesting for spectroscopy in nitrogen K emission band. 

A crystal spectrometer equipped with suitable periodic multilayer with high reflectance is 

required for x-ray spectroscopy[1]. We studied the design and characterization of one such 

multilayer, the Mg/Sc multilayer. Various combinations of bilayer, trilayer, and multilayer 

systems of Mg/Sc with Cr as a capping layer, were fabricated and characterized. Bilayer and 

trilayer were prepared to study the interfaces (Cr-Mg, Cr-Sc, Mg-Sc) closely and hence 

facilitate analysis of the multilayer. The stacks are analysed using CASTOR (Chambre 

d’Analyse Spectrométrique en Transmission ou en Réflexion), an instrument dedicated for 

combined measurement of x-ray reflectivity (XRR) and grazing incidence x-ray fluorescence 

(GIXRF) analysis at SOLEIL, with an incident photon energy of 6.25keV. The combination of 

XRR, sensitive to the atomic density, and GIXRF, sensitive to element density, allows to obtain 

structural parameters as wells as elemental composition and depth concentration profiles of 

each of the element present in the stack. The combined analysis educes the uncertainties 

presented by each of the methods individually [2]. [Cr/Mg/Sc]x50 multilayer shows the 

reflectivity of 19% at energy 6.25keV (1st Bragg peak at angle 0.61°) with slight intermixing at 

Mg-Sc interface, and no interdiffusion at Cr-Mg interface. Hence, such a multilayer could be a 

good candidate for its application in x-ray spectroscopy 

 

[1] P. Jonnard, M. Wu, K. Le Guen, A. Giglia, K. Koshmak, Q. Huang, Z. Zhang, Z. Wang, I. Estève, N. 

Menguy, B. Doisneau, Characterization of Sc/Mg multilayers with and without Co barriers layers for x-ray 

spectroscopy in the water window range, J. Appl. Phys. 126 (2019) 195301. https://doi.org/10.1063/1.5128867. 

[2] Y. Ménesguen, B. Boyer, H. Rotella, J. Lubeck, J. Weser, B. Beckhoff, D. Grötzsch, B. Kanngießer, A. 

Novikova, E. Nolot, M.-C. Lépy, CASTOR, a new instrument for combined XRR-GIXRF analysis at SOLEIL, 

X-Ray Spectrom. 46 (2017) 303–308. https://doi.org/10.1002/xrs.2742. 
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Since the development of multilayer dispersive elements with large periods, the electron 

microprobe is a powerful tool for the concentration measurement of light elements in different 

materials using wavelength dispersive spectrometry [1]. Recently developed multilayers even 

allow spectroscopy in the Li K range [2]. The high resolution of this spectrometric technique 

allows observing peak shape alterations and peak shifts depending on the chemical state of the 

emitting atoms.  

 

Nevertheless, quantitative electron probe microanalysis (EPMA) of light elements is a 

significant challenge due to the difficulties of signal extraction for low intensities. Therefore, a 

good choice of measurement parameters and suitable signal treatment, accurate background 

description, and interference correction are crucial. For light elements, peak to background 

ratios (P/B) can easily approach unity and special care needs to be paid to the setting of the 

pulse height analyser (PHA) to avoid noise contribution to the emission peak. Furthermore, the 

background may have a high curvature and the classical approach of a linear background fit is 

no longer valid [3].  

 

Our work investigates the EPMA of light elements from Li to F with the aim to determine the 

best experimentation parameters. The obtained data were used to calculate spectral form factors 

of emission peaks depending on the material’s composition. These form factors help determine 

the integral measured intensity of the emission and improve quantification accuracy. 

 

Further, the work also focuses on the influence of different background fits on quantification. 

It proves that a third-degree linear polynomial describes the background better than the 

commonly used exponential or linear functions. Consequently, the overestimation of P/B values 

leading to large quantification errors can be avoided. 
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