e LI.EGEuniversité e
b Library .

https://lib.uliege.be https://matheo.uliege.be

Master's Thesis : XRF instrument power supply

Auteur : Levaux, Nicolas

Promoteur(s) : Redouté, Jean-Michel

Faculté : Faculté des Sciences appliquées

Dipléme : Master : ingénieur civil électricien, a finalité spécialisée en "electronic systems and devices"
Année académique : 2019-2020

URI/URL : http://hdl.handle.net/2268.2/9038

Avertissement a l'attention des usagers :

Tous les documents placés en acces ouvert sur le site le site MatheO sont protégés par le droit d'auteur. Conformément
aux principes énoncés par la "Budapest Open Access Initiative"(BOAI, 2002), I'utilisateur du site peut lire, télécharger,
copier, transmettre, imprimer, chercher ou faire un lien vers le texte intégral de ces documents, les disséquer pour les
indexer, s'en servir de données pour un logiciel, ou s'en servir a toute autre fin Iégale (ou prévue par la réglementation
relative au droit d'auteur). Toute utilisation du document a des fins commerciales est strictement interdite.

Par ailleurs, I'utilisateur s'engage a respecter les droits moraux de I'auteur, principalement le droit a I'intégrité de l'oeuvre
et le droit de paternité et ce dans toute utilisation que l'utilisateur entreprend. Ainsi, a titre d'exemple, lorsqu'il reproduira
un document par extrait ou dans son intégralité, I'utilisateur citera de maniére compléte les sources telles que
mentionnées ci-dessus. Toute utilisation non explicitement autorisée ci-avant (telle que par exemple, la modification du
document ou son résumé) nécessite l'autorisation préalable et expresse des auteurs ou de leurs ayants droit.




Title: XRF instrument power supply

Author: Nicolas Levaux

Master of Science in Electrical Engineering — major in Electronic Systems and Devices
Academic year: 2019 — 2020

Promotors: Prof. Dr. Ir. Jean-Michel Redouté & Dr. Alain Carapelle

Abstract

This thesis brings a complete redesign to the power supply of an X-Ray fluorescence (XRF)
spectrometer.

XRF is the phenomenon in which an atom absorbs an X-radiation with a certain energy
level and release another X-radiation with another energy level. Indeed, if the excitation
source has enough energy, ionization can occur in the material and the atoms become
unstable. To restore equilibrium, electrons from higher orbitals can fall to fill the gap by
releasing energy (in the form of a photon) equal to the difference between the 2 orbitals
involved. In an energy-dispersive spectrometer (EDXRF), the number and the energy of
the incoming X-rays are measured and then sorted. A complete spectrum of the target
can be obtained, and the atomic composition of the target determined.

The ALEXIS instrument is basically composed of 6 excitation sources, 1 detector and
signal processing electronics. The excitation sources are pyroelectric crystals which are
thermally cycled in order to have a continuous flux of X-Rays. The detector is a Silicon
Drift Detector (SDD) which the actual state of art in EDXRF analysis. This technology
needs to be cooled down by a Peltier element and must be polarized by a high negative
voltage to drift the electron-hole pairs produced by the X-Rays impact to the collection
electrode.

The first part of the thesis is dedicated to the design of a controller for a current source
driving the Peltier cooler. The goal is to obtain a stable cold temperature of the detector
chip during the measurements. In space applications, due to radiations, analog electronics
is preferred to digital. That is why an analog PID controller has been implemented based
on the temperature feedback coming from the SDD. The finality of this part is a series of
simulations to tune PID parameters.

The second part of the work is the implementation of the thermal cycle of the sources.
Two temperature thresholds determine if the source must be powered up or not and the 6
sources must work independently. In order to achieve this, an analog Schmitt trigger was
designed on each source with a digitally controlled gain attenuator to control the output
voltage. Final simulations give results very close to the real lab tests.

The last part of the project described the method to design a DCM Flyback converter.
The goal is to generate negative high voltage from the rover power supply (28V) in order
to generate the drift electric field in the SDD. A spreadsheet was created. It automati-
cally computes the circuit parameters according to the input/output requirements. The
conclusion is open-loop simulations performed to show the influence of the parameters.
Future closed-loop design is just discussed.
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