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Can BDFAs be the next solution for the 
multi-band transmission beyond C+L-

bands?



Introduction
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• An exponentially growing demand for the optical networks 

capacity is a stable current trend that is likely to continue*

* Peter J. Winzer, David T. Neilson, and Andrew R. Chraplyvy, "Fiber-optic transmission and networking: 
the previous 20 and the next 20 years [Invited]," Opt. Express 26, 24190-24239 (2018)
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• Solutions:

– New modulation formats

– Spatial division multiplexing

– Multi-band transmission*

* Ferrari, Alessio, et al. Journal of Lightwave Technology 38.16 

(2020): 4279-4291.



Multi-band transmission
using BDFA
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Bi-doped amplifiers
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Khegai, Aleksandr, et al., Optical Fiber Communication Conference. Optical Society of America, 2021.

Wang, Yu, et al. Journal of Lightwave Technology 39.3 (2021): 795-800.

Donodin, Aleksandr, et al. Optical Materials Express 11.1 (2021): 127-135.

Mikhailov, Vitaly, et al. Metro and Data Center Optical Networks and Short-Reach Links V. Vol. 12027. SPIE, 2022.

* Donodin, Aleksandr, et al. Journal of the European Optical Society-Rapid Publications 19.1 (2023): 4.

• Advantages:

– Amplification in O-E-S- and U-bands and beyond

– Novel techniques allow to achieve flat 100 nm gain

– High gain and low NF

• Disadvantages

– Still not a very mature technology

– Not enough parameters to be modelled with 

conventional equations, however NN approaches 

can be used to help* 
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40-dB gain E-band BDFA

A. Donodin, et al “38 db gain e-band bismuth-doped fiber amplifier,” in 48th European Conference on Optical 

Communication (ECOC 2022). IEEE, 2022, p. Tu5.5.
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40-dB gain E-band BDFA

• Maximum gain – 40 dB

• Maximum PCE – 38%

• Minimal NF – 4.5 dB

Spectral dependencies of BDFA gain (a) and 

NF (b) for seven input signal powers

and pump power of 1 W; c) colour map of 

the PCE for depending from both input

signal and pump powers at 1430 nm input 

signal; f) spectra of power efficiencies for 

seven input signal powers.
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40-dB gain E-band BDFA

• Maximum gain – 40 dB

• Maximum PCE – 38%

• Minimal NF – 4.5 dB

Comparable to EDFAs and

better than TDFAs!
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E-band transmission 
enabled by BDFAs

Aleksandr Donodin, et al. Optics Letters, Vol. 47, No. 18, 2022, DOI: 10.1364/OL.468796

b) c) d) e)
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a) Wavelength dependency of the Q2 factor for B2B case and 160-km long transmission; b) wavelength

dependency of Q2 factor penalty between B2B case and transmission c) X and Y polarization Q2 factor 

imbalance.

E-band transmission 
enabled by BDFAs
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195-nm Multi-Band hybrid 
Amplifier

A. Donodin et al., “195-nm multi-band amplifier enabled by bismuth-doped fiber and discrete Raman amplification,” in 

2022 European Conference on Optical Communications (ECOC). IEEE, 2022, p. Th2A.1.
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195-nm Multi-Band 
Amplifier

• 18 dB maximum gain

• 5.7 dB NF

• BDFA – E-band

• DRA – S-C-L bands

• Coverage - 195 nm (can 

be higher)



https://www2.aston.ac.uk/eas/research/groups/photonics a.donodin@aston.ac.uk

195-nm Multi-Band 
Transmission
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a) Wavelength dependency of the Q2 factor for B2B case and 70-km long transmission; b) wavelength

dependency of Q2 factor penalty between B2B case and transmission (blue line with circles) and X and Y 

polarization Q2 factor imbalance (orange line with stars); 

195-nm Multi-Band 
Transmission
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Conclusion
• 3 BDFAs are developed at Aston University, one of them has record 

characteristics of 40 dB gain, 38% PCE, and 4.5 dB NF 

• BDFA shows performance comparable with commercially deployed EDFAs

• E-band transmission line is developed at Aston University purely based on 

BDFA technology

• Demonstration of BDFA and Raman based wide-band amplifier for wide-band 

optical transmission of a coherent signal of 195 nm



Thank you for your attention!
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