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- What is the infrared ? 

- Infrared Wavelength (NIR, Mid-IR, Far-IR) 

- Interest of infrared (Spectroscopy, imaging …) 

 

- Infrared materials (Oxides , heavy oxides, fluorides, chalcogenides , silver halides…) 

- Bulks,  

- Fibers 

- Mid-IR fibers lasers 

- Mid-IR Fiber spectroscopy 

Outline 
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 Infrared imaging 

 

 Spectroscopy 

 



Mid-infrared spectroscopy 
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 Spectroscopy 
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Crystalline IR fibers 

 Ag-Cl Ag-Br (polycrystalline fibers) 

 Transmission 4 – 16µm (0,5 -1 dB/m)   

 Large core > 50 µm 

 IR Spectroscopy 

 Passive fibers 

 Made by extrusion 

 Ex Al2O3 (sapphire single crystal) 

 Transmission 0.5- 3.2 µm (0,5 -2 dB/m)   

 Diameter ranging 75 to 500 µm  

 Refractive index ≈ 1,7  

 Power handling 

  Made by Micropulling down technique 

 

R. K. Nubling, and J. A. Harrington, "Optical properties of single-crystal 
sapphire fibers," Applied optics 36, 5934-5940 (1997). 

http://www.tau.ac.il/~applphys/research_ir_trans_fibers.htm 



  Heavy Oxyde fibers 

 GeO2 based  

 Transmission 0.6  to  2,7 µm 

 Single mode 

 Refractive index 1,7– 1,9 

 Power handling  

 

 TeO2 based 

 Transmission 0,6 to 4 µm (fibers) 

 Refractive index around 2 

 Non linear glasses (50 x SiO2) 

 SC generation 

http://www.infraredfibersystems.com/ 

http://www.npphotonics.com/ 



  Fluoride fibers 

 ZrF4 based (Ex ZBLAN) 

 Transmission 0,3 - 4.5 µm 

 Refractive index ≈ 1,5 

 RE Doped fibers , MOF 

 1,04 dB/km @ 2.56 µm 

 SC generation from 1 to 4 µm 

(several Watts average power) 

 InF3  based 

  Transmission 0,4 – 5 µm 

 Refractive index ≈ 1,55 

 5.5 dB/km @ 3.5 µm  

 

 
http://leverrefluore.com/ 



Chalcogenide fibers 

n2 (m
2/W) 

Selenium based glasses 

 Oxide glasses 

Sulfur based glasses 

Fluoride glasses 

10-17 

10-18 

10-20 

10-21 

 Transmission 1 – 9.5 µm (0,2 -1 dB/m) 

 Refractive index ≈ 2. 2-3 

 Single mode step index or MOF 

 RE doped 

 SC 1-13 µm(0,7  mW);  2-8 µm (15mW) 

 IR Spectroscopy 

 



Bragg fibers 

 Transmission 0,4 – 11 µm ( depending on the 

geometry ) 

 Passive fibers 

 Power handling (ex CO2 laser at 10.6 µm) 

 Losses at 10.6 µm ≈ 0,2 -1 dB/m 

 
B. Temelkuran, S. D. Hart, G. Benoit, J. D. Joannopoulos, and Y. Fink, 

"Wavelength-scalable hollow optical fibres with large photonic 
bandgaps for CO 2 laser transmission," Nature 420, 650-653 (2002). 

http://www.omni-guide.com/ 



Silica hollow core 

 Transmission in Mid-IR by using geometry with a negative 

curvature core (Hypocycloid) 

 Passive fibers 

 Few dB/km  at 3 µm 

 F. Yu, W. J. Wadsworth, and J. C. Knight, "Low loss silica hollow core 
fibers for 3-µm spectral region," Optics Express 20, 11153-11158 

(2012). 

W. Belardi, and J. C. Knight, "Hollow antiresonant fibers with 
low bending loss," Optics Express 22, 10091-10096 (2014). 



Ag-AgI Silica hollow core 

 Transmission 1 – 16 µm 

around 0,5 – dB/m 

 Passive fiber 

 Large core > 100 µm 

 
J. A. Harrington, Infrared fibers and their applications (SPIE press 

Bellingham, 2004). 



Mid-Infrared fibers lasers  

 3 ways 

 Laser pigtailing  

 Non linear effects (supercontinuum generation…)  

 Rare earth doped fibers ( A. Seddon & V. Nazabal  ) 
 



 Endlessly single mode fiber in mid-IR 

 As38Se62, 3 rings, core diameter 

= 13-14 µm, d/ Λ = 0,41 

Fibered DFB QCL butterfly 
3-11 µm range available  

(≈10 mW) 

Mid-Infrared fibers lasers – laser pigtailing 

Birefringent fiber in mid-IR 



 Transmission 0,4 – 11 µm ( depending on the 

geometry ) 

 Passive fibers 

 Power handling (ex CO2 laser at 10.6 µm) 

 Losses at 10.6 µm ≈ 0,2 -1 dB/m 

 
B. Temelkuran, S. D. Hart, G. Benoit, J. D. Joannopoulos, and Y. Fink, 

"Wavelength-scalable hollow optical fibres with large photonic 
bandgaps for CO 2 laser transmission," Nature 420, 650-653 (2002). 

http://www.omni-guide.com/ 

Mid-Infrared fibers lasers – laser pigtailing 



Mid-Infrared fiber lasers – Supercontinuum generation   

 Silica fibers 

Input pulse Non linear optical fiber  
Spectral 

supercontinuum 

 Generation of new wavelengths by the addition of different non linear effects 

 Self phase modulation 

 Raman effects 

 Four wave mixing 

 Soliton effects 

…… 

 



Mid-Infrared fiber lasers – Supercontinuum generation   

 Fluoride fibers 

C. Xia, M. Kumar, M. Y. Cheng, R. S. Hegde, M. N. Islam, A. 
Galvanauskas, H. G. Winful, F. L. Terry, M. J. Freeman, M. Poulain, and 
G. Maze, "Power scalable mid-infrared supercontinuum generation in 

ZBLAN fluoride fibers with up to 1.3 watts time-averaged power," 
Optics Express 15, 865-871 (2007 

 Example of a commercial Fluoride 

fiber supercontinuum 

http://leverrefluore.com/ 



Mid-Infrared fiber lasers – Supercontinuum generation   

 Chalcogenide fibers 

Pump Source   

OPO fs laser @ 3,5 – 4,7 

µm 

Fiber ZDW ≈  3,5 µm  

18 cm-long 

Multi-milliwatt mid-infrared supercontinuum generation 
in a suspended core chalcogenide fiber U. Møller,Yi. Yu 
,I. Kubat,C. R. Petersen, X. Gai, L. Brilland, D. Mechin, C. 
Caillaud , Johann Troles,B. Luther-Davies, and O. Bang, 

Optics Express, 23(3), 3282-3291 (2015) 

Pump Source   

 100 fs laser centered @ 

6,3 µm 

Fiber ZDW ≈  4,5-7 µm  

 8,5 cm-long 

C. R. Petersen, U. Møller, I. Kubat, B. Zhou, S. Dupont, J. Ramsay, T. Benson, S. 
Sujecki, N. Abdel-Moneim, Z. Tang, D. Furniss, A. Seddon, and O. Bang, "Mid-infrared 
supercontinuum covering the 1.4–13.3 μm molecular fingerprint region using ultra-

high NA chalcogenide step-index fibre," Nature Photonics 8, 830-834 (2014). 



Mid-Infrared fiber spectroscopy 



Sensors with Rare earth doped  fibers 

Développement de fibres optiques dopées Dy3+ pour la détection du CO2 

Fibres dopées = sources dans le MIR déportées sur plusieurs km. 

 

Sensibilité de l’ordre de 500 ppm, testée sur le terrain 

 



Summary 


