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The presented results concern the change of the semiconductor valence band density 

of states caused due to contribution of 4f electrons states to the semiconductor valence band 
structure. It results in a new distribution of the valence band density of electronic states in 
semiconducting crystals, nanoelements and nanostructeres.The interaction of electrons 
creating the structure of the valence band of a semiconducting material with the open-shell 
electrons of rare earth impurities strongly influences magnetic properties of systems with 
reduced dimensionality (like quantum dots or nanowires). Therefore revealing the 
contribution of such impurity states to the region of the valence band has become one of the 
important research problems in electronic band structure studies.  

The synchrotron source (Hamburg, DESY, E1, Flipper II) of strong continuous 
radiation spectrum in the wide photon energy range (from infrared, through visible light, 
ultraviolet, and up to the hard X-rays) was used to induce the Fano type resonant 
photoemission [1,2] and to study the Sm 4f shell contribution to the valence bands of GaN 
and PbGeTe. The impurity atoms of Sm were sequentially deposited on GaN  and PbGeTe 
crystal and the sets of photoemission spectra were acquired for the photon energy range 
corresponding to Sm 4d-4f Fano resonance. The data were collected after each sequential 
deposition. Measured spectra showed the contribution of the 4f electrons corresponding to 
Sm2+ and Sm 3+ ions. The annealing of the samples led to the diffusion of the Sm ions into the 
sample and to the change of their valence in accordance with the value expected for the cation 
of the host semiconductor. 

The results allowed to determine the rich structure of contribution of the 4f electrons 
to the valence band of the semiconductor crystals and to distinguish the contributions of Sm2+ 
and Sm3+ to it. The Fano type resonant energies 136 and 141eV were obtained for Sm2+ and 
Sm3+ , respectively. The binding energies and the relative intensity of the correlated peaks 
were determined. The preliminary description of Sm introduction into the crystals is 
proposed.  
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