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Due to the good thermal and mechanical properties of the YAG ceramics and the advantages of using Yb3+ ions, 

namely (i) a small quantum defect between the pump and the laser photons, (ii) broad absorption bands and (iii) long 

fluorescence lifetime of the upper laser level, Yb3+-doped YAG are suitable for commercial high-power lasers, 

moreover, the possibility to incorporate ytterbium in a very high concentration, up to 100 at.% (Yb3Al5O12), is 

especially advantageous for producing thin-disk lasers [1,2]. However, the 10 at.% Yb:YAG ceramic laser performance 

is worse than its counterpart single crystal, whereas the 20 at.% Yb:YAG ceramic is better [3]. One of the reasons of 

such behaviour might reside in the energy loss processes where the energy transfer of the Yb3+-Yb2+ pair is followed by 

anti-Stokes white emission of Yb2+- Yb3+-ions pair, as evidenced shown by us [4]. The formation of Yb2+ ions is an 

important part of the energy loss process due to the energy transfer in the Yb3+- Yb2+ pairs, therefore, understanding the 

nature of Yb2+ charge compensation mechanism would allow decreasing the occurrence of this parasitic process in laser 

materials [2]. 

Yb0.3Y2.7Al5O12 ceramics were synthesized according to the protocol described in our previous works [4] by 

reactive sintering in a vacuum furnace at 1750°C for 10 hours. Tetraethylorthosilicate (TEOS) was used as a sintering 

aid [1]. The ceramics were characterized by XRD spectroscopy, scanning electron microscopy (SEM) (JEOL JSM-

6390LV) and absorption optical spectroscopy (Perkin Elmer Lambda 35). The oxidation of the ceramics was carried out 

in a special vacuum furnace with the capability to change the residual pressure in the chamber in a short time from the 

ambient pressure down to 4 Pa. We performed a study of the oxidative kinetics of Yb ions at three different 

temperatures of 860, 890 and 920°C. 

The X-ray diffraction patterns of the prepared ceramics of Yb:YAG show the formation of the pure YAG phase. 

Pores and impurity phase inclusions were not detected on the ceramics’ surface. The ceramics consist of grains in the 

range of 3–40 µm with a bimodal grain size distribution centred at 12 µm. The present investigation aims at unravelling 

the Yb2+ to Yb3+ ion valence transformation mechanism (further called Yb2+ oxidation) through the analysis of the 

variation of Yb2+ concentration in time during air annealing at three different temperatures in Yb:YAG ceramics. The 

Yb2+ oxidation process was monitored by measuring the optical absorption spectra during air annealing. In our 

experiment, a prolongation of the air annealing led to a decrease in the amount of Yb2+ ions, whereas an increase in 

temperature sped up the oxidation rate. Only a small fraction of Yb ions existed in the divalent state after vacuum 

sintering. Based on these data, we investigated the oxidation kinetics of Yb2+ ions in Yb:YAG ceramics, to propose a 

model for describing the kinetic as well as the charge compensation mechanism of Yb2+ ions. 

The Yb2+ time-dependence was described by the Jander model, allowing to conclude that the Yb2+ to Yb3+ 

oxidation process is limited by the diffusion of oxidative agents. The EG of Yb2+ oxidation was Ea(D)= 2.7±0.2 eV, 

which corresponds to the activation energy EG for volume oxygen diffusion in the YAG lattice [4]. The EG of Yb2+ 

oxidation in the Yb:YAG ceramics was higher than the activation energy for single crystals (1.43±0.12 eV. [5]). We 

suppose that there is a difference in the charge compensation mechanism between single crystals and ceramics. For 

YbAG single crystals, M. Kreye and K. D. Becker concluded that Yb2+ oxidation is limited by the migration of anion 

vacancies [5]. Regarding Yb:YAG ceramics, we obtained a value for Yb2+ oxidation EG in very good agreement with the 

oxygen diffusion activation energy calculated through molecular dynamics simulations of the YAG lattice (Ea=2.86 eV) 

[6] and with the energy barrier for oxygen migration in the YAG crystal structure resulting from first principles 

calculations (2.6 eV) [7]. Consequently, Yb2+ oxidation in the Yb:YAG ceramics takes place thanks to the oxygen 

diffusion through the grain volume, dissimilar to what happens in the YbAG single crystal. The oxidation defects in 

YbAG single crystals are oxygen vacancies, whereas they are oxygen atoms in Yb:YAG ceramics, resulting in different 

Yb2+ charge compensation mechanisms as well as dissimilar Yb2+ ions absorption band positions [4]. 
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