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In the 90’s, transparent ceramics started an impressive trajectory to compete with glasses and single crystals 
as amplifying media in rare earth doped solid state lasers. A decisive publication was made in 1995 [1], with 
the first experimental demonstration of the capabilities of an Ytterbium doped YAG (Y3Al5O12) ceramic as a 
laser medium competing with single crystals overtaking them in respect to many physical aspects. Ceramics 
offer stronger thermo-mechanical resistance than single crystals and no bulk segregation of the doping ion. A 
major advantage lies in the capability to prepare large size pieces, comparable to those in glass and then 
much larger than single crystals. In addition, when glasses exhibit interesting optical capabilities they suffer 
from a low thermal conductivity, irremediable issue for applications requiring a high repetition of pulses. 
Recently, a renewed interest in ytterbium-doped compounds has emerged due to high-power optical pump 
sources operating at 980 nm, allowing efficient optical pumping of Yb3+. So, Yb3+-doped materials are leading 
compounds in the laser domain, and specifically for high-power laser systems emitting short pulses. At the 
same time, a fluoride single crystal, CaF2 doped with Yb3+, has demonstrated unique optical properties 
enabling high-energy, high-power, ultrafast laser operation [2]. However, once again, the single crystal form 
yields similar limits to those of oxides. To overcome them, a ceramic approach is necessary. An 
energy-efficient and reliable manufacturing process enabling to produce large and 100% dense ceramic pieces 
of CaF2 doped with ytterbium with high transparency due to a zero-defect material with clean grain boundaries 
leading to zero internal optical losses will be developed. Such ceramics should offer a breakthrough and a real 
opportunity to fluoride ceramics to be used in applications that is not actually the case. 
A new original process to produce Yb doped CaF2 transparent ceramics of high optical quality developed at 
the IRCP and patented [3] is proposed as a starting basis in this thesis project. In this process, the synthesis 
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but also the shaping of the green body is made in water. Despite the initial presence of water in green body, 
transparency is reached without any post-treatment only after steps of drying and sintering. The quality of the 
transparent ceramic is excellent allowing the best laser performance obtained with a Yb:CaF2 ceramic [4]. 
However, this last processing method suffers from drawbacks such as cracking and delamination of ceramics 
which occur sometimes, and thermal issues encountered in the ceramics under laser operation. Until now, the 
setting of drying conditions for green bodies has been empirical, based on observations without physical 
measurements. 
Thus, the first main objective of the thesis is to improve the reliability of the Yb:CaF2 ceramic production 
process initially developed at IRCP by studying the drying behaviour through real-time physical drying 
measurements. The collected data will be considered in a feedback loop to optimize the drying conditions. In 
parallel, if necessary, alternative processes for green body preparation by the wet route should be developed by 
pressure casting or preparation of soft micro aggregates of nanoparticles through a freezing granulation 
process. Finally, a new process to prepare fluoride ceramics, more energy efficient and reliable, will be defined 
offering a new breakthrough. 
The second main objective of the thesis is a better understanding of the thermal issues encountered in the 
ceramics under laser operation and an improvement of these thermal properties. The incorporation of Yb ions in 
the CaF2 matrix, necessary for laser action, has deleterious effects on the thermal conductivity with significant 
decrease occurring in the temperature range below 300 K. Though lattice defect scattering of phonons can 
qualitatively describe such a trend, the role of scattering by grain boundaries is not clear. The microstructure, 
grains and grain boundaries will be studied by XRD, SEM and TEM, optical spectroscopy as well as thermal 
diffusivity/conductivity of ceramics and results analyzed using theoretical models such as Klemens – Callaway 
and/or Kapitza resistance models. One important aim is to evaluate the grain boundary thermal resistance. This 
analysis should be used to influence the processing route, when necessary, to get the best physical properties. 
Thus, an optimum microstructure for laser applications can be identified. 

STEM cartography of ytterbium content and (b) corresponding 
HAADF picture of a thin section of  a1.5% doped Yb:CaF2 
ceramic synthesized by a wet route process.


