
New photon upconversion processes in transition metal and 
lanthanide metal doped materials 

 
Hans U. Güdel 

Department of Chemistry and Biochemistry 
University of Bern 

Freiestrasse 3 
CH - 3000 Bern 9 

Switzerland 
 

Lanthanide doped oxides and fluorides are established 
upconversion phosphors and laser materials. We are exploring 
near-IR to visible upconversion (UC) processes in Ti2+, Ni2+, 
Mo3+, Re4+ and Os4+ doped halides. We observe energy-tansfer 
UC processes as well as sequences of ground and excited state 
absorption steps [1]. Excitation avalanches occur in some of the 
Os4+ doped systems. Magnetic Mn2+ host lattices can lead to an 
exchange enhancement of the UC efficiencies in Ni2+ doped 
crystals by orders of magnitude. The UC processes in the Mo3+ 
and Re4+ doped systems are very efficiently sensitised by Yb3+. 
Completely new and unexpected UC processes can be induced 
in Yb3+ doped Mn2+ and Cr3+ compounds [2, 3]. Excitation of 
the 2F5/2 levels of Yb3+ around 1µm is the first step. A second 
step, either by excited state absorption or energy transfer, 
directly leads to Mn2+ and Cr3+ excitation, with subsequent 4T1 
and 2E emission in the visible, respectively. Exchange 
interactions between Yb3+ and Mn2+ or Cr3+ play a crucial role in 
this new upconversion process. 
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