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Short fiber lengths and wavelength selective filters such as the fiber grating are desired to maintain the stability 
and provide single-frequency operation to avoid the mode hopping issue. However, a few centimeters long fiber 
does not provide a satisfactory pump absorption and leads to insufficient and low output power. Although, the 
expectation of considering high erbium concentrations contributes to increase the pump absorption and provide 
a high desired gain but the ion-ion interactions leads to the waste of energy by exchanging the energy between 
the ions of erbium and critically reducing the laser efficiency and deplete the erbium metastable level [15]. 
In order to provide the solution to these problems the co-doping the gain medium of the fiber with erbium (Er3+ ) 
and ytterbium (Yb3+ ) ions has been proposed [2; 11; 12; 16; 17]. By providing the optimal concentrations of the 
rare-earth ions, the pair induced energy transfer from Er3+ and Yb3+ provides the desired pumping requirements 
for the erbium and allows to rescale the concentrations of the erbium without a high reduction in the efficiency 
due to the cooperative up conversion. The contribution of Yb3+ sufficiently avoids the formation of Er3+ clusters 
and allows an effective contrasts of the energy transfer. Additionally, the Yb3+ allows the extension range of the 
acceptable pump wavelengths and the highest absorption cross section is defined at 980 nm. The pumping of 
Yb3+ at 980 nm provides the best performance and high efficiency to construct a compact fiber lasers.

In this work we propose a theoretical model for the analysis of a compact single-frequency fiber laser based 
on Er3+ – Yb3+ co-doped fibers; the continuous wave (CW) operations of single-frequency fiber laser using the 
Bragg gratings as wavelength filtering components at the ends of the section of the doped fiber and conside-
ring the principle of the linear cavity configuration of the Fabry – Perot architecture to generate a high light 
confinement to satisfy the laser performance requirements. The theoretical work proposed are proved to have 
a great agreement with the published experimental results associated with compact single-frequency Er3+ – Yb3+ 
co-doped fiber lasers. 

The main objective of this work is to analyse the possible design of a compact single-frequency high power 
laser on the base of short length of optical fiber co-doped with Er3+ and Yb3+ ions. The laser cavity is created 
by Bragg gratings written on the fiber ends. Short fiber length leads to insufficient pump radiation absorp-
tion. The optimal concentrations of these ions should be established by solving propagation-rate equations. 
Additionally, we provided the numerical analysis of the influence of the fiber Bragg grating parameters on its 
transmission function. On the base of the analysis the proper selection the parameters will be done to provide 
the single-frequency regime of the laser generation.

Making the propagation-rate equations for Er – Yb composition
The system of rate equation resulting from the energy level system between the Er3+ and Yb3+ ions are con-

sidered as a complex and difficult to solve without any boundary conditions and estimations. Figure 1 shows 
a simplified energy level of the system with neglecting some transitions that exhibit the small and less influence 
on the characteristics of the laser.

These assumptions didn’t affect significantly the overall results of the laser system performance and cha-
racteristics while maintaining the accuracy of the model. As the gain medium is pumped at 980 nm, the system 
of rate equations resulting can be written as [7; 18; 19]
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Fig. 1. Simplified energy level diagram of Yb3+ and Er3+ ions


