Photoluminescence and photoluminescence excitation spectroscopy of ZnO doped with Co and Ni
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Recently the ZnO:3d are investigated very actively  in order to discover  the theoretically predicted ferromagnetic ordering at  Тс > 300 К . During the researches the difference between the optical properties of  ZnO:3d (especially noticeable for ZnO:Mn) and other compounds of  II-VI:3d was found. T. Dietl  suggests to consider ZnO:3d the  insufficiently studied materials, whose properties  are determined by strong d-p hybridization [1].  Convincing arguments about the strong d-p hybridization in Zn1-xMnxO were received from the observing of photoluminescence. In the photoluminescence excitation spectrum of 2.9 eV band at the energies of light quants ħω>E​g the intensity increasing is observed and we can see 3 peaks at the energies of  3.9eV, 4.5eV and 5.3eV against the background of this increasing. This spectrum  differs significantly from intracentral photoluminescence excitation spectrum of  Mn2+ ion (4Т2 → 6А1 transition) in Zn1-xMnxS where we can see the rapid decreasing at  ħω>E​g [2,3].
In this paper the photoluminescence (PL) and photoluminescence excitation (PLE) spectra of ZnO:Co and ZnO:Ni are presented. In PL spectra we can see the peaks, which are caused by the transitions through donor and acceptor levels of  Ni2+ and Co2+ at the energies of 1.85eV, 2.20eV  and 2.47eV,  2.80eV  correspondently. The position of  high energy edges of photoluminescence bands allows to estimate the positions of  donor and acceptor levels relatively the edges of allowed bands. PLE- spectra of photoluminescence peaks have the particularities in the region of E​g and at the energies ħω>E​g we can see significant increasing of excitation  intensity, on the background of which   some maxima are observed. This rise is analogous to the character of PLE- spectrum observed earlier for Zn1-xMnxO.   
Peculiarities in the PLE- spectra for Zn1-xMnxO, Zn1-xCoxO and Zn1-yNiyO are the evidence of the fact [1], that in the valence band of these materials the localized states appear due to the strong hybridization. Thus, the photoluminescence excitation spectroscopy gives us the unique information about the properties of ZnO:3d semiconductors. This information allows us to consider  these materials as a strong correlated systems. 
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