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In the late 1990s, swift developments in the fields of particle physics and medical tomography have been made. As a
result, need for high quality ultra-fast scintillator materials has increased. One of the most perspective type of materials for
use in the field of ultrafast detectors are garnets doped with cerium. The parameters of garnet structure materials cause it
to be an attractive option for use in ionizing radiation detector systems. By changing the doping or co-doping element and
the amount of it in garnet - it is possible to vary its luminescence properties. However, the processes behind the change of
these properties are not well known. One of the most recent and promising discoveries is gadolinium aluminum gallium
garnet Gd3Al3Ga2O12 (GAGG).

The work was aimed at investigating photoluminescence properties of GAGG:Ce. This material is known to have
some of the most immense values light yield (LY), yet its decay time of PL signal is relatively large. By co-doping
GAGG:Ce with Mg2+ it is possible to reduce decay time. However, after introducing magnesium, LY also decreases. The
change of the photoluminescence properties can be assigned to the stabilization of cerium ion in a tetravalent state and
because of that, it was attempted to examine the influence of magnesium co-doping on the PL parameters.

Two samples of garnets were analyzed: GAGG:Ce and GAGG:Ce,Mg. These crystals were grown in the same con-
ditions and the only difference between them was Mg-codoping of one of the crystals.. The measurements were executed
utilizing photoluminescence spectrometry equipment in semi-stationary state using adjustable values of excitation energy:
4.88 eV (254 nm) and 3.61 eV (343 nm). The samples were also investigated with confocal microscope WITec Alpha
Alpha 300 with the resolution of 250 nm.
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Fig. 1. Absorption (a) and photoluminescence spectra (b) of GAGG:Ce and GAGG:Ce,Mg. The PL spectra are normalized
by phoexcited carrier density and were measured at different excitation energies, indicated in (b) and by arrows in
(a).

During the investigation, the absorption spectra (figure 1(a)) of GAGG:Ce and GAGG:Ce,Mg were measured and
spatially integrated spectra were obtained. Spatial distributions of the luminescence parameters were mapped. In this
work it is reported that the shape of photoluminescence spectra (figure 1(b)) of GAGG:Ce stays the same during both:
excitation of electrons from 4f to 5d level and by excitation of charge transfer band. It does also not depend on co-
doping. This implies that the mechanism behind the luminescence process can always be assigned to electron tranisitions
of cerium ion. The co-doping of GAGG:Ce by magnesium results in deterioration of photoluminescence intensity by
approximately 20 times when charge transfer (CT) band is excited and only three times when electron transitions 4 f → 5d
of Ce3+ are excited. This shows that when exciting the CT band a noticeable part of photons are absorbed by non-radiative
recombination centers. It is also evident that co-doping by Mg2+ does not influence the homogeneity of distribution of
photoluminescence parameters.


