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Measuring lithium and light elements

 Electron microprobe
X-ray emission spectroscopy induced by electrons

" Incident electrons

= Detection of X-rays

= Non-destructive

= Easy preparation of sample
= Quantification
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The Li Koo emission band
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The Li Koo emission band

* Lithium: atomic numberZ =3

e 2 core electrons 1s, binding energy around 55 eV

* Electron transition between valence p level toward 1s core level
* Valence electron participates to the chemical bond

* The shape and position of the emission band strongly depend on the
chemical state of the emitting lithium atom

* Good, to study the electronic structure or chemistry of lithium
* No so good, to quantify: no standard for peak or height of the emission



The Li Koo emission band — chemical sensitivity

 Calculation of x-ray emission spectra

* |(v) o< v3 N(E) M(E)
e v frequency (E = hv)
* N density of states
* M matrix element

* Density functional theory / WIEN2k

http://susi.theochem.tuwien.ac.at/

e Spectra alighment:
XPS Li 1s binding energy
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K. Hassebi et al., X-Ray Spectrom. 52, 330-336 (2023)
http://doi.org/10.1002/xrs.3329
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The Li Koo emission band — chemical sensitivity
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Different spectroscopies

* Energy dispersive spectrometry (EDS)
 EDS — bolometer
* EDS —silicon drift detector, Si(Li)

* Wavelength dispersive spectrometry (WDS)
 WDS - crystal
* WDS - grating



WDS - Crystal

e Li emission band around E=50eV or A =25 nm

* Crystal spectrometers work following the Bragg law

nA=2dsinO d inter-reticular distance
0 Bragg angle (glancing, with respect to the surface)

A/ 2d <1is needed, therefored > 12.5 nm

No crystal available with so large inter-reticular distances



WDS - Crystals

* Possibility to use pseudo-crystals!
Multilayers = periodic alternation of thin fillms

The period (inter-reticular distance) can be adjusted to the spectral
range and the angular range of the spectrometer

* [Be (12.5 nm) / Si (2 nm) / Al (14.5 nm)]x20 / Si substrate
Period d =29 nm

Appl. Sci. 11, 6385 (2021) https://doi.org/10.3390/app11146385
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Reflectance

WDS - Crystals — Be/Si/Al
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WDS - Crystals

* Issues with the windows!
(1) Sample - spectrometer

(2) Entrance of gaseous detector

Transmission of polypropylene, 1 um, @ 50 eV

Transmission of Si;N,;, 50 nm , @ 50 eV

Aluminum
SiN
Aluminum

poly-Si grid bars

Microsc. Microanal. 21, 1645 (2015)

)

Adhesive glue
Installation frame

CXRO, https://www.cxro.lbl.gov/
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WDS - Crystals — CAMECA multilayer — 5 kV
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WDS — Grating

* Grating spectrometers suited to the ultra-soft x-ray range

* Grating spectrometers work following the grating law

nA=d (sina —sinf) d grating period
o et 3 incident and detection angles
(with respect to the grating normal)

Example:

Grating
d =10°m (1000 lines/mm) o :
o = 850 B = 800 \( /
n=1 Detector

A=11nm (113 eV)

L.V. Azaroff, “X-ray spectroscopy” (1974)



WDS — Grating
Focal curve

* Angular scanning is necessary ¥ (mm)
. . . . -250 -240 -230 -220 0
with periodic gratings P S

* Use of variable line specing (VLS) grating
Flat field spectrometer
Dispersed wavelengths focused on a line

_—

60

* Linear detector or camera CCD
No scanning required

Proc. SPIE 4146, 163 (2000)



WDS — Grating — RZP

* Fresnel lens
* Fresnel zone plates

* Reflection zone plate (RZP) spectrometer
Only a part of the RZP is used as a variable line spacing grating

RZP VLS structure
incoming beam

7
Source A \ 7 ”

2953 I/mm
front end 3371 I/mm
center 3757 Imm

back end




WDS — Grating — RZP

* Spectrometer good for Li K spectral range and light elements
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WDS —Grating —
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AlLiCu Quasi-cystal

: - 54, 171-179 (2025)
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Counts /s/nA

WDS — Grating — RZP
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Conclusion

* Multilayers and windows are available for medium resolution
spectroscopy of light elements

* Spectrometers are available for high-resolution spectroscopy

e Spectroscopy in the ultra-soft x-ray range is difficult:
* Low intensities
* Spectral interferences
* Emission sensitive to surface (oxidation, contamination)
* Lack of reference spectra

* Forget the “standard” way to perform quantification:
* Work with integrated intensities
* New quantification model
* Account for electronic structure
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