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Studying quantitatively the bulk distribution of dopants within materials by means of atomically-
resolved STEM-HAADF imaging has become possible and efficient using modern microscopes.
Because the STEM detector collects incoherent electrons scattered at large angles, the ADF intensity
varies as Z [1], where Z is the atomic number of the probed atom and [] ~ 1.6-2. ADF-STEM is then
in its principle, and since its origin, suitable to the detection of heavy atoms on a substrate [2], or later
on, of dopants embedded in a matrix (for example Sb atoms in silicon [3]). More recently, aberration
corrected microscopes were used to identify single dopants and/or impurities in various materials
(oxide materials, semi-conductors, ceramic interfaces or catalysts), where the added specie generally
substitutes to one specific site, leading, in projection, to one specific type of atomic columns
concerned by the doping (see for instance references cited in [4]). However, adding direct chemical
information obtained with a spectroscopic method, such as EELS (Electron Energy-Loss
Spectroscopy) may bring an unambiguous confirmation that HAADF intensity variations attributed to
dopants are not artefact, or produced by any other unexpected impurity. A combined STEM-EELS
study of dopants is then possible, as was demonstrated in the case of oxide materials |5].

Good candidates for such studies are luminescent garnet-based structures, such as RE-doped
YAG, where RE designates a rare earth element, and YAG, the Yttrium-Aluminium-Garnet Y;Als0;,, a
cubic phase with space group la-3d [6] and a = 1.20062 nm. In these compounds, two different sites
and types of atomic columns in the <100> projection are concerned by RE® dopants, see figure 1. We
focus here on Yb3+—doped YAG polycrystalline ceramics. This system has great potentialities for
replacing single crystals for optical applications, such as in lasers and scintillators. It is then important
to check that the dopant distribution is homogeneous, since any kind of heterogeneity (second
phases, grain-boundary segregation, clustering) drastically affects the optical properties (e.g. see [7]).
Previous HAADF obtained with an uncorrected FEI-TITAN, 300 kV microscope images of Yb** doped
YAG crystals were already reported [8]. We present here the STEM-EELS study of a 1.4 Yb** at. %
doped YAG sample (substitution ratio [Yb]/[Y] = 10 %; details on the elaboration, optical and
microstructural characterization can be found in [7]). Results were produced at 200 kV on a double-
corrected FEI TITAN-cubed equipped with a Gatan 866 spectrometer. Figure 1 shows that the
distribution of Yb*" ions can be revealed in STEM-HAADF micrographs, owing to the contrast
enhancement caused by the difference in atomic weights (Zy, = 70 and Zy = 39).STEM-EELS analysis
was performed on slightly thicker areas compared to figure 1, because of very rapid irradiation effects
in thin regions. Results (such as shown in figure 2) will be discussed quantitatively in terms of statistics
(including prediction from the binomial law and thickness estimation), EELS quantification and
measurement of the HAADF intensity of atomic columns [9].
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Figure 1. [001] HAADF image of a Yb-doped YAG crystal: note intensity reinforcements (circles) at two types of
atomic positions (labelled ‘col. 1° and ‘col. 2’ respectively — col. 1 has twice the atomic density of col. 2, and thus
leads to brigther dots —) where Yb is known to substitute to Y. The projection of the cubic cell is shown (Al atoms

in blue, Y in red, O in green).
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Figure 2. 2x2 nm STEM image during Sl acquisition (16x16 pixels with 0.2 s/pixel) and corresponding EELS
spectra showing an evident correlation between the ‘column 1° HAADF intensity and the Yb content, maximal at

the central column (red frame).
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