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It is well known that the dopant concentration affects the lifetime of the 1550 nm fluorescence in erbium-doped optical fibres. High dopant concentrations cause non-radiative energy transfers between neighbouring ions and reduces the population of the 4I13/2 amplifying level. This reduces the lifetime of the level and the efficiency of the erbium-doped fibre amplifier (EDFA). Previous work has also shown that the lifetime of the 4I13/2 energy level is dependent on pump power and reduces with increasing pump.  This paper presents a single model that describes the influence of both the dopant concentration and pump power on the lifetime of the 1550 nm fluorescence.

The model is based on upconversion processes between neighbouring ions in the 4I13/2 excited state. The solution to the lifetime of this state is found to have a logarithmic dependence on both the dopant concentration and initial population of the state, which is directly proportional to the pump power. 

The modelling and experimental results verify the reduction in fluorescence lifetime with increasing dopant concentration as well as increasing pump power. The reduction in the lifetime is more significant at the high concentration regime above 1025 ions/m3. There is little influence at concentrations below this level. 

The results have significance in applications based on fluorescence lifetimes, such as temperature and strain sensing, and in modelling the performance of high concentration devices such as lasers and waveguides.

