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Effet de la température

La vitesse de refroidissement dans la zone de transition vitreuse est 
enregistrée.
La température fictive représente la température de transition vitreuse 
pour une vitesse de refroidissement donnée.

Refroidissement à différentes vitesses Chauffage à différentes vitesses



Effet de la pression
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Modifications atomiques liées aux 
changements de volume

Misawa et al. Science Advances 2017

Mathieu Bauchy

Modification de la coordination de l'oxygène 
des éléments formant le réseau Si, B, Al

provoque également une modification 
de l'angle et de la taille des anneaux.

CN4 CN5 CN6

Zeidler et al. 2014 PRL 113, 135501
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Lire la mémoire du verre

Différents instruments
Methode Taille

observée
Forme Calibration

DSC Calorimétrie mm Poudre pas

Volume mm Régulière pas

Indice de réfraction 100 m Régulière Coef. photoélastique

Densité cm Complexe pas

Raman 1 m Complexe Spécifique

Brillouin 1 m Complexe Spécifique

Luminescence 1 m Complexe Spécifique
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Spectroscopie Brillouin

Deschamp et al. 2014

Le signal Brillouin montre une évolution progressive avec une pression 
maximale. Pas tout à fait proportionnel à la compression.



Luminescence des Terres Rares
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Equation y = a + b*x

Weight No Weighting

Residual Sum of 
Squares

0.10976

Pearson's r 0.99629

Adj. R-Square 0.99152

Value Standard Error

Pressure
Intercept -279.87495 9.18039

Slope 0.20211 0.0066

La luminescence est proportionnelle à la densité, soit par 
compression, soit par contrainte résiduelle.

Effet de la pression
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Dense ceramic coatings manufactured with the Aerosol-Deposition-

Method (ADM) at the Department of Functional Materials 
 

Manufacturing of ceramic components or coatings requires usually high sintering temperatures above 1000°C. 

Joining of ceramic coatings with lower-melting materials such as metals, glass and polymers is difficult. 

Furthermore, many functional and structural ceramics can hardly be processed to dense devices without 

decomposition. Therefore it is challenging to produce, e.g., electroceramics or microelectronic components. 

 

By utilizing the Aerosol-Deposition-Method (ADM) it is possible to produce dense ceramic coatings completely 

without any high-temperature process directly from an initial bulk powder on almost any substrate material. 

 

A powder aerosol is generated and transported by a pressure 

difference to a vacuum chamber. By means of a nozzle, the 

aerosol is accelerated to several 100 m/s. The aerosol beam 

hits the substrate material and dense films are formed (see 

Fig. 1). Resulting coatings can be achieved in a thickness 

range between 1 and 300 µm with good adhesion to the 

substrate. Without any subsequent sintering step, the 

stability and mechanical properties of these coatings are 

comparable to the initial powder. 

As an issue of research, the exact mechanism of film 

formation has not yet been clarified. It is assumed that the 

high kinetic energy of the sub-micrometer particles makes 

them breaking by impaction on the substrate resulting in 

nanometer fragments (see Fig. 2). As a first step, an 

anchoring layer is created on the substrate surface on which 

subsequently a coating forms. The coatings get compacted 

by continuous bombardment of impacting particles (so called 

Room Temperature Impact Consolidation). The thickness of 

the coating can be varied simply by variation of the 

deposition time.  

 

At the Department of Functional Materials, we combine 

gained knowledge about materials (material classes, 

functional properties, powder synthesis and preparation) 

and the process technology (process control, nozzle 

design, aerosol generation and transport) in the 

improvement and optimization of the deposition results. 

The key facts of our work are research on the 

fundamentals for successful deposition behavior as well as 

the mechanical and functional properties of coatings and 

last but not least their applications. 
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MFC

MFC

aerosol jet

programmable x-y stage
with substrate table

aerosol chamber
with powder on 

vibrating table

carrier gas supply
with mass flow
controllers

vacuum pump

deposition chamber
with separated
compartments and
slit nozzle

Fig. 1: Schematic drawing of an aerosol deposition device 

with aerosol generator, deposition chamber and vacuum 

pump. 

Fig. 2: Mechanism of particle breaking and consolidation 

Aérosol déposition

Cicconi et al. JACS 2019



Aérosol déposition

Pendant la déposition
la pression augmente
jusqu‘à 10GPa

Cicconi et al. JACS 2019
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Modifications de SiO2 avec laser picosecond

Nd:YVO4-laser, 10 ps, 1064 nm, 2MHz, 3W



Précise calibration du Raman avec la 
vitesse de refroidissement



Utilisation de la calibration Raman



?

Utilisation de la calibration Brillouin



Comparaison entre  Raman et Brillouin

Possibilité de déterminer les contraintes residuelles
dans la zone modifiée



Croiser les informations

M. Bergler et al.

F. Werr et al.



Modification laser stationnaire

Utilisation du changement local de 
l‘indice de refraction pour remonter
à la vitesse de refroidissement K. Cvecek et al. 2020



Conclusion

• Le verre a une mémoire

• Cette mémoire peut être lue en 
utilisant les spectroscopies de 
vibrations et de luminescence

• Elle est sensible à beaucoup de 
paramètres: vitesse, pression max, 
contrainte, cisaillement

• Elle peut aussi s’effacée totalement 
ou partiellement
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