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    Aluminium nitride (AlN) crystal is a prospective material for optoelectronic applications in the deep UV region. Analogously to a wide-gap insulator BeO (Eg=10.62 eV) and wide-gap semiconductor ZnO, it has a similar crystalline structure of wurtzite. Free excitons and non-relaxed excitons localized on the impurity centres as well as self-trapped excitons (STE) were revealed in low temperature photoluminescence (PL) spectra in BeO. In contrary, only free excitons and non-relaxed excitons localized on the impurity centres (or defects) were found in ZnO, that is typical for whole family of semiconductors. AlN crystals possess an energy gap Eg=6.28 eV. According to literary data, the free excitons (6.02 eV emission band) and non-relaxed excitons localized on the impurity centres (5.7 - 5.9 eV emission bands) can be foumd in low temperature PL spectra.
    Our goal in present work was to study radiative relaxation of electronic excitations (EE) under selective excitation by photons in the fundamental absorption region (VUV and XUV regions) using nominally pure AlN single crystals. Time-resolved PL spectra (1.5 - 6.2 eV), PL excitation spectra and reflection spectra (3.7 - 21 eV) were measured at T=8 K at SUPERLUMI station. Time-resolved PL spectra (2.5 – 7.0 eV), PL excitation spectra (60 - 460 eV) as well as PL decay kinetics were studied in soft X-ray region using SR from the BW3 beam-line (HASYLAB, DESY). Two types of samples were investigated: AlN-1 consists of transparent single crystals with the low concentration of defects and AlN-2 were single crystals with blue-green colouring deposited on the carbon substrate. The single crystals were grown by the physical vapour-phase transport method in the controllable vapour environment at T > 2100(C from AlN powder by us.

The low energy peak at 6.2 eV in the reflection spectrum corresponds to the creation of anion excitons. The PL spectra and PL excitation spectra of these two types of samples differ very much. Under VUV excitation in the PL spectra the wide emission bands with the significant stokes shift in the region of 2-3 eV are observed only. These bands are tentatively assigned to the luminescence of defects (in the AlN-2 sample) or to the emission of relaxed excitons localized on defects (in the AlN-1 sample). The manifestations of the edge emission or STE emission were not revealed. The PL of the bound excitons is efficiently excited in the region of the intrinsic absorption edge as well as in region of interband transitions. The multiplication of EE occurs above the Eexc > 15 eV (Eexc > 2.5 Eg), pointing indicating to the considerable width of  valence band.. In contrary, XUV excitation results in the broad edge emission band only (Emax=6.04 eV, FWHM=0.65 eV). The PL of bound relaxed excitons or defects emission are absent. We tentatively suggest that the observed edge emission band is due to radiative decay of non-relaxed large radius excitons bound on defects. The large FWHM of this edge emission band is a result of inhomogeneous broadening. The excitation spectrum of the edge PL does not show any peculiarities in the region of the Al   L - edge, only the sharp doublet structure is observed in the region of nitrogen K - edge. The deep minima observed point to the significant mobility (large near surfaces losses) of EE created by XUV photons. 
