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A new spectroscopic tool to study the electronic structure of dilute magnetic semiconductors
(DMS) is proposed. By combining hard x-ray absorption and emission spectroscopy (XAS and
XES) is possible to probe, at the bulk level (or at buried interfaces), the charge and spin state of
3d transition metals, being selective to hybrid band states (pd-like). This technique is applied
to the study of high quality and well characterized dilute (Ga,Mn)N [1, 2] when co-doped with
Mg (shallow acceptor in GaN) to investigate Mn hole trapping mechanism and demonstrate the
possibility of insulator-to-metal transition in this system.

The high resolving power ( E
∆E > 5000) of a wavelength dispersive spectrometer coupled

with a high brilliance synchrotron beamline permits to collect Kβ emission lines even on dilute
species in strong absorbing matrix, as DMS. Due to the intrinsic spin-polarization of d electrons
and strong 3p3d intra-atomic exchange interaction, the spin momentum is determined by the
non-resonant XES spectrum that probes the transitions from the spin-up (Kβ ′) and the spin-
down (Kβ1,3) levels. Then this is used to record spin-selective XAS (Fig. 1). The pre-edge
features, enhanced by the sharpening effect of the high resolution collection mode, quantify
the t↑2 -t↓2 splitting when altering the position of the Fermi level by co-doping. This represents a
direct experimental feedback for ab initio calculations.

Fig. 1: Spin-selective XAS (left) of (Ga,Mn)N obtained from the Kβ ′ and Kβ1,3 emission lines
(right) compared with the total fluorescence yield (blue).
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