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A Tm:Er:Yb:Ho co-doped germanate glass fiber, pumped at 980 nm, is simulated to design a novel wideband optical amplifier 

in the range 1440 – 2110 nm.. The optical gain is optimized by using a Particle Swarm Optimization (PSO). 
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1. Introduction 
 

Wideband optical active devices in the wavelength range 𝜆 =
1.5 − 2.2 𝜇𝑚 have attracted a strong research interest, thanks 

to their wide range of applications, including optical 

communications systems based on optical WDM techniques 

for 5G applications, medical diagnostic, remote sensing, and 

ultra-short pulse lasers development [1]–[3]. These optical 

devices can be made of different glasses. In addition to 

fluoride, tellurite and chalcogenide, germanate glasses can be 

employed. Modeling optical devices made of glasses doped 

with several different rare earths requires the knowledge of a 

high number of spectroscopic parameters, because of the 

several rare earth ion transitions and energy transfer 

phenomena. This makes their optimization via simulation 

challenging. In this paper, an innovative Tm:Er:Yb:Ho doped 

germanate glass [4]–[6] amplifier, pumped at 𝜆𝑝 = 980 𝑛𝑚, is 

investigated. A numerical homemade solver is developed to 

simulate the amplifier behavior. The used spectroscopic and 

optical parameters are reported in literature [7]–[8]. 

 

2. Numerical results 
 

A step-index fiber is designed to obtain light single-mode 

propagation, with length 𝐿 = 50 𝑐𝑚. The input pump power is 

𝑃𝑝 = 300 𝑚𝑊. Since the optimization is not trivial, a Particle 

Swarm Optimization (PSO) algorithm is used. It is a general 

research algorithm, inspired by the behaviour of social 

organisms in swarms. The four dopant concentrations were 

optimized to obtain the maximum optical gain in the 

wavelength range 𝜆 = 1440 − 2110 𝑛𝑚. The optimized gain 

𝐺, obtained by PSO algorithm, is reported in Fig. 1. 

 

3. Conclusions 
 

A wideband optical amplifier, based on a co-doped 

Tm:Er:Yb:Ho germanate glass fiber, is designed. A good 

optical gain is simulated in a wide wavelength range 

characterized by different operation regions.  

 

Acknowledgement 
 

This research has been partially developed within the projects: 

POR FESR-FSE 2014-2020 Innonetwork “Sinach - Integrated 

systems for mininvasive surgical navigation” - n. BLNGWP7; 

PON R\&I 2014-2020 “New Satellites Generation components 

- NSG” - Cod. Id. ARS01_01215 NSG. 

 

References 
 

1. Chaugule, S., More, A., ICMEE 2010, p. V2, 232–236, (2010).  

2. Attivissimo, F., Lanzolla, A. M. L., Carlone, S., et al., Comput. 

Assist. Surg., 23, 42–52 (2018). 

3. Fermann, M. E., Hartl, I., IEEE J. Sel. Top. Quantum Electron., 

15, 191 (2009). 

4. Falconi, M. C., Laneve, D., Portosi, V. et al. ICTON 2019, p. 

Th.B6.3, 1–6 (2019). 

5. Falconi, M. C., Laneve, D., Portosi, V. et al. Accepted for 

publication on IEEE J. Lightwave Technol. 

6. Albalawi, A., Kochanowicz, M., Zmojda, J. et al. ASSL 2018, p. 

ATu2A.4, 1–2 (2018). 

7. Wei, T., Tian, Y., Chen, F., et al., Sci. Rep., 4, 6060 (2014). 

8. Lin, Q, Xia, H, Zhang, Y, et al., J. Rare Earth, 27, 76, (2009). 

 
 Fig. 1 Optical gain 𝐺 versus the signal wavelength 𝜆𝑠. 
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