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Free space 

telecommunication

systems

Rare earth doped optical fibers and amplifiers for space applications

Advantages

High amplification gain 40 dB

Wide bandwidth 35-40 nm (5000 GHz)

High output powers

Low noise figure

Pump wavelength at [915 - 980 nm] 

No need of dispersion compensation 

Drawbacks

Radiation 

vulnerability 

Laser Diode 

Pump

Rare earth doped fiber

Signals

Amplified 

SignalsIsolator Combiner Isolator

Gain decreases with the irradiation 

dose during the mission lifetime

Navigation systems 
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Defect generation mechanisms

Irradiation dose
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Defect generation mechanisms
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Pump Signal

Rare earth doped fiber amplifiers 
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THIS WORK: RADIATION HARDENING 

BY SYSTEM STRATEGY BASED ON 

COUPLED SIMULATION/EXPERIMENTS 

APPROACH

1- Use of alternative fiber compositions and/or fabrication processes 

• Hydrogen loading 
• Cerium co-doping
• RE Nano-particles doping 

[1] S, Girard, Opt, Express Vol. 20, Issue 8, pp. 8457-8465 (2012)

[2] J. Thomas et al, Opt. Express 20, 2435-2444 (2012)

[3] G. De Angelis et al Adv. Space Res. 34(6), 1395–1403 (2004).

[1] 

All these techniques allow to 

reduce the RIA by limiting the 

defect generation and then limit the 

REDFA gain decrease

Can we improve even more the REDFA 

radiation response by working on its 

architecture at the conception level ?

[2]

[1] 

Jovian mission [3]

REDFA hardening strategies 
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ABO
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Principle of PSO (Particle Swarm Optimization)
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F(x)

Principle of PSO (Particle Swarm Optimization)
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F(x)

Principle of PSO (Particle Swarm Optimization)
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F(x)

Principle of PSO (Particle Swarm Optimization)
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Principle of PSO (Particle Swarm Optimization)
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Absolut

maximum

Principle of PSO (Particle Swarm Optimization)
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Principle of PSO (Particle Swarm Optimization)

𝑍 = 𝑓(𝑥, 𝑦, 𝑧, 𝐴(𝑡))
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State-of-the-art 

REDFA Codes

Fiber

properties

(geometry, 

spectroscopic

properties,…)

Optimization of the REDFA 

architecture to obtain the best optical 

performances during the space 

mission

Radiation 

Effects
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The addition of the Hardening by system strategy in complement of the 

conventional component hardening improves the amplifier response to 

radiations
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Sylvain Girard et al ‘Recent advances in radiation-hardened fiber-based technologies for space applications,’ journal of Optics, 20, 9 (2018)
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