N
N

N

HAL

open science

A High Kinetic Energy Atom Probe Design to Improve
Instrument Performances in Voltage Pulse Mode

Francois Vurpillot, Antoine Normand, Matin Brault, Sylvain Nulli, Gérald da

Costa, Christian Bacchi, Raphaéle Danoix

» To cite this version:

Francois Vurpillot, Antoine Normand, Matin Brault, Sylvain Nulli, Gérald da Costa, et al.. A High Kinetic
Energy Atom Probe Design to Improve Instrument Performances in Voltage Pulse Mode. Microscopy and

Microanalysis, Jul 2024, Cleveland, United States. 10.1093/mam/o0zae044.041). <hal-04734921)

HAL Id: hal-04734921
https://normandie-univ.hal.science/hal-04734921v1

Submitted on 17 Oct 2024

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaire HAL, est des-
tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY 4.0 - Attribution - International License


https://normandie-univ.hal.science/hal-04734921v1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Microscopy and Microanalysis, 30 (Suppl 1), 2024, 82-83 Microsco py AND

https://doi.org/10.1093/mam/0zae044.041 MicroanalySiS
Meeting-report

A High Kinetic Energy Atom Probe Design to Improve
Instrument Performances in Voltage Pulse Mode

Francois Vurpillot’, Antoine Normand’, Matin Brault®, Sylvain Nulli’, G. Da Costa’, C. Bacchi’,
and R. Danoix"

'Groupe Physique des Matériaux, Universite de Rouen, Normandie, France
*Corresponding author: francois.vurpillot@univ-rouen.fr

Atom probe tomography (APT) has emerged as a powerful technique for three-dimensional elemental mapping with near-atomic
resolution in research laboratories. Over the past two decades, significant advancements in APT have been realized through in-
novations in hardware configurations, leading to simplified techniques and enhanced data acquisition rates. These developments
are closely tied to the evolution of detectors and notable improvements in mass spectrometer performance [1-3].

Enhancing mass resolution in voltage pulse APT necessitates the utilization of energy compensation devices, commonly referred
to as reflectron. Modern APT instruments are typically equipped with the latest version of these devices, referred as large-angle
reflectrons, enabling a mass resolution (MR) in the range of ~150 FW1%M albeit with a compromise in detection efficiency and a
slight degradation in spatial resolution due to the presence of meshes. The detection efficiency in the latest generation of APT in-
struments is around 50%, compared to 80% in straight flight path instruments [3,4].

To address these challenges, alternative methods to increase MR have been proposed, such as post-acceleration using adapted
electrodes facing the sample. Elevating the final energy of ions offers numerous advantages, particularly in improving MR at a low
cost and expanding the probed field of view on the sample [5]. However, the original design of counter-electrodes, to which high
voltage was applied, imposed a technical limitation on the final acceleration (~20 kV) [6].

In this paper, we propose an alternative design called the High Kinetic Energy Atom Probe (HIKEAP), capable of adding an
acceleration voltage of up to 30 kV, corresponding to ion kinetic energies of 30 keV to ~150 keV depending on of their charge
state. Note that the HIKEAP is designed to increase the ion’s initial energy without the need for a mesh in its configuration.

Electrodynamic simulations were employed to calculate the potential performance metrics, including field of view, MR (in volt-
age pulse mode), and maximum pulse repetition rate (PRR), and were compared with preliminary results from the setup. As de-
picted in Figure 1, post-acceleration significantly enhances MR at the base of the mass peak (X2, FW1%M from 50 to 100) while
doubling the field of view. Although time-of-flight (TOF) is slightly reduced with post-acceleration, full width at half maximum
(FWHM) remains comparable between both configurations. Note also the significant increase in field of view, resulting from the
ion compression in post-acceleration mode. A side aspect is the reduction of maximum TOF to ~5000 ns with an extended flight
path of 55 cm, enabling a high pulse repetition rate (>100 kHz). Another advantage of this approach is that the total ion energy
remains consistently above 20 keV, allowing for the evaluation of alternative detector technologies, such as pixelated avalanche
detectors, Timepix detectors, and CF-MCP detectors, potentially replacing simple MCP-DLD detectors and providing the ability
to employ kinetic energy discrimination [7-9].
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Figure 1. a) Simulated and b) experimental mass spectrum of a material composed of Al (m/n=27) for a configuration with no post acceleration (blue

h

istogram) and the HiKEAP prototype (orange histogram) in VP mode (20% PF) in blue, and at Vpc=5kV, post-acceleration is set to 20 kV, total energy

kinetic energy of ions is about 26 keV.
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