
 

                                                         

 
Doctoral position  
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Title: 3D microscopy of biologic materials by THz Atom Probe Tomography  
Responsible of the project: Angela Vella  
Team: Angela Vella (GPM), Jonathan Houard (GPM) 

 
This research will be developed at the Groupe de Physique des Matériaux (GPM) at the University of 
Rouen FRANCE. 
 
Description of the project: 
 
Nowadays, electron microscopy and tomography are considered essential tools to bring new 
knowledge in the fields of biology and medicine. Indeed, cryo-microscopy techniques have not 
stopped evolving, allowing the spatial characterization of biological macromolecules and drug delivery 
systems at the nanometric scale [1,2]. From medical imaging to structural biology, the structure and 
function of bio-systems are much easier to grasp if one can look in 3D, rotate the image in 3D, cut out 
the image and even segment the different elements, that is to say discriminate the main components 
of biomaterials. Thus, 3D spatial characterization techniques should go further towards so-called 4D 
techniques by collecting information on the local chemical composition as a fourth dimension.  
The atom probe tomography (APT) can meet this need for 4D microscopy in biology. APT is a 4D 
imaging technique based on the field effect evaporation of atoms from a needle-shaped nanometric 
sample[3]. APT combines sub-nanometer spatial resolution with high chemical sensitivity across the 
entire periodic table and its isotopes. APT is a rapidly developing technique in the field of condensed 
matter analysis. Initially, this technique was used almost exclusively for the analysis of metals and 
alloys, but its fields of application have widened during the last decade. To open this technique to 
weakly conductive semiconductors and biomaterials, a pulsed ultraviolet (UV) laser is now used to 
control the evaporation process [4]. However, the use of the laser beam induces a loss of spatial and 
chemical resolution of the instrument due to the heating of the sample under laser illumination [5,6]. 
Very recently, we have shown that the use of terahertz pulses can reduce thermal effects and thus 
improve the performance of the instrument. These first tests were carried out on pure metallic 
materials (aluminum, tungsten, iron) [7,8].  
 
This thesis project is part of the European project MIMOSA Project - HORIZON-EIC-2021-
PATHFINDEROPEN-01 which aims to extend the use of the new atomic probe assisted by terahertz 
pulses to biological materials encapsulated in sol-gel matrices. We have shown that when analyzing 
metal samples, the terahertz pulses are strongly amplified by the sample. This amplification allows to 
expect a very intense electric field necessary to perform the atomic probe analysis. When analyzing 
sol-gel matrices the amplification factor will be less important and it will be necessary to vary the 
amplitude and / or the center frequency of the terahertz pulse to excite resonant effects.  
 
Between 2015-2018, we set up in the laboratory a bench for the generation and characterization of 
THz pulses based on two-color filamentation [9-10]. Then between 2019 and 2020, this bench was 
used to reproduce the results of the state of the art, namely, to emit electrons from nanotips by THz 
pulses [11]  and then to go farther, not only in the characterization of the terahertz near field but also 
in the demonstration, for the first time, of ultra-fast ionic emission from metallic samples (tungsten,  
 



 

                                                         

aluminum, iron). Figure 1 shows the functional diagram of this new instrument for analyzing materials 
at the atomic scale.  

 
 
During this thesis, this new instrument will be used to analyze pure sol-gel (silica) matrix and then 
containing antibodies, within the framework of the European project: MIMOSA Project - HORIZON-
EIC-2021-PATHFINDEROPEN-01. We also plan to explore other means of THz generation (LiNbO312 
crystals or filamentation in liquids13) in order to increase the power, the stability of the terahertz 
source and the duration of the pulses (directly linked to their spectral width).  
 
Outlook: This project will enable the SAT to meet existing industrial needs in the field of 
characterization of biological materials at the nanoscale. The project therefore has a strong potential 
for valorization with a view to the introduction of SAT in the production chains of pharmaceutical 
products. Note that a patent has been filed in France and its European extension is pending14. The 
establishment of a functional prototype will validate the concepts of the patent and thus accelerate 
the transfer to manufacturers (eg Cameca), via license contracts or industrial contracts.  
 
The GPM laboratory 

Activities at the GPM laboratory are focused on investigating the link between material properties 
and their features at the nanometer scale. One of the laboratory’s teams is the “advanced 
instrumentation team” (ERIS) where the Tomographic Atom Probe was developed in the 1990s. Today, 
ERIS is one of the world’s leading teams in the development of laser-assisted 3D atom probes, in 
particular concerning field evaporation processes and laser matter interaction at nanoscale. 

 
 
Qualifications and experience: 
 
The applicant will work to the optimization of the ultrafast THz source as well as to the analysis of 
different silica matrix with and without biomaterials inside, in order to prove the capabilities of the 
new illumination conditions.  

perform high resolution 4D imaging is thus very promising, but it is essential that we acquire

a deeper understanding of the physics underlying terahertz-pulse-matter interaction within the

APT operation environment.

Figure 1: Ion field evaporation triggered by terahertz in a tomographic atom probe. (a)
Ultrashort terahertz (red) pulses are focused onto a metallic nanotip inside a high vacuum cham-
ber. The high voltage applied to the metallic tip translates into an intense electric field at the
specimen apex. The evaporated ions are projected towards a time and position-sensitive detec-
tor located at 10 cm from the nanotip. A near-infrared pulse (blue) can be combined to the THz
pulse with a variable delay to probe the interaction mechanisms. (b) Isosurface plots of the 3D
field distributions calculated numerically for the excitation frequency of 2 THz and for different
values of the field enhancement factor. (c) Mass spectrum as measured from a terahertz-assisted
atom probe analysis of a pure aluminum specimen. The datasets consist of around 105 ions col-
lected at a bias voltage VDC = 8.7 kV, evaporation rate of 0.01 ion/pulse at T = 50 K. (d) 3D
reconstruction of a pure aluminum specimen.

Here, we show that the enhancement of terahertz fields in positively biased nanotips al-

lows to trigger the emission of positively charged ions from the nanostructure surface. Based

on this effect, we demonstrate a high-chemical and spatial resolutions terahertz-assisted APT

3

Figure 1: Field evaporation triggered by terahertz pulses in an 
atom probe tomography. The ultra-short terahertz pulse (shown 
in red) is focused on a metal nanotip inside an ultra-high vacuum 
chamber. The high voltage applied to the metal tip results in an 
intense electric field at the top of the sample. The ions 
evaporated by the field effect are projected towards a detector 
located 10 cm from the nanotip, sensitive in time and in position. 
An ultra-short near infrared laser pulse (shown in blue) can be 
combined with the THz pulse with varying delay to probe the 
mechanisms of interaction between the terahertz pulse and the 
nanotip.  
 



 

                                                         

 
 
The thesis proposal is aimed at students with a good level in solid state physics, with a particular 
interest in optics and microscopy studies, and with a strong orientation towards fundamental 
research. 
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Contact : Please submit your application (including a cover letter and a detailed CV) by e-
mail.  
Pr Angela Vella and Dr. Jonathan Houard 
GPM –UMR6614, CNRS-Université de Rouen Normandie-INSA de Rouen UFR Sciences et 
Techniques Avenue de l'Universite - B.P. 12   76801 SAINT ETIENNE DU ROUVRAY CEDEX 
FRANCE  
E-mail: Angela.vella@univ-rouen.fr /Jonathan.houard@univ-rouen.fr 
Phone: (33) (0)2 3 295 5168  
For further information see: http://www.univ-roue.fr/gpm/ 


