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Abstract. We review here our recent work in achieving mid-infrared (MIR) fibre lasing beyond 5 µ
m wavelength in Ce3+-doped selenide-chalcogenide fibre, as well as the observed photoluminescence in 

samples of the same composition but in particulate and bulk glass form as well as unstructured fibre and in 

the SIF (step index fibre) in which fibre lasing took place.  

The MIR spectral region is defined as the 3–50 μm 

wavelength range [1] and enables direct molecular 

sensing with high selectivity and high specificity [2]. MIR 

fibre lasers offer excellent beam quality of bright, 

spatially and temporally coherent light, routeable in MIR 

fibre-optics for applications such as narrow-band sensing, 

clinical diagnostics, new medical laser wavelengths, and 

pulsed seeding of MIR-supercontinua for MIR broadband 

sensing [2]. We review here our recent work in achieving 

mid-infrared (MIR) fibre lasing beyond 5 m wavelength, 

reported in [3,4]. 

In-band pumping of Ce3+ in selenide-chalcogenide 

glass fibre, bulk glass and particulate glass geometries, at 

4.15 μm wavelength, gave MIR (mid-infrared) 

photoluminescence (PL) spanning 3.40–5.80 μm 

wavelength, corresponding to the 2F5/2   2F7/2 electronic 

emission transition due to Ce3+ [3] (Figure 1). Room 

temperature emission and MIR absorption spectra 

together enabled interpretation of the manifold energies of 

the first excited state and there is potential for occupied 

Stark levels in the ground state at room temperature [3]. 

Both ‘τrad’ (PL lifetime) and ‘trise’ (rise-time through 10% 

to 90% of maximum PL intensity) were determined. For 

the particulate glass at 4.60 μm wavelength, the best decay 

fit comprised a primary, and perhaps secondary, lifetime 

for particulate glass of 3.5 ms, and 1.2 ms, and PL rise 

time of 3.9 ms [3].  

These PL measurements in [3] were in support of our 

report of continuous wave fibre lasing beyond 5 μm at 

room temperature [4] in a small core Ce3+-doped selenide 

chalcogenide SIF (step index fibre) (Figure 2) of core: Ge-

As-Ga-Se chalcogenide glass, doped with 500 ppmw 

(parts-per-million by weight) of cerium (III), employing 

in-band pumping by means of a 4.15 m quantum cascade 

laser (QCL). The lasing fibre was 64 mm long, with a 

calculated numerical aperture of 0.48 at the lasing 

wavelengths. The core was Ge15As21Ga1Se63 atomic % 

(at. %) glass, doped with 500 ppmw Ce, and of core 

diameter: 9 m (Figure 2); the cladding was Ge21Sb10Se69 

at. % and the fibre outer diameter was 190 m. As pump 

power was increased, continuous wave lasing 

corresponding to the 2F5/2   2F7/2, emission of Ce3+ 

occurred at 5.14 m, 5.17 m, and 5.28 m (Figure 3). 

The area under the cavity emission peaks from Figure 

3 [4] was plotted, versus the 4.15 m QCL pumping 

power between 0-616 mW (Figure 4, [4]), of the SIF (step 

index fibre) (code: F130RERC) demonstrating a threshold 

to lasing of 86 mW [4]. 

Fig. 1. (a) MIR absorption spectrum of 500 ppmw (parts-per-

million-by-weight) Ce-doped Ge15As21Ga1Se63 atomic % (at. %) 

bulk core glass, and (b) Ce3+ electronic energy level diagram 

overlaid with the 4.15 m QCL (Quantum Cascade Laser) pump 

and 5.14 m emission [3]. 

 
    

, 10006 (2023)EPJ Web of Conferences
EOSAM 2023

https://doi.org/10.1051/epjconf/202328710006287

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http ://creativecommons.org/licenses/by/4.0/). s

mailto:angela.seddon@nottingham.ac.uk


 

Fig. 2. SEM (scanning electron microscope) images of the 

cleaved end of the SIF (step index fibre) (code: F130RERC) 

samples of which exhibited fibre lasing (see Figures 3 and 4) 

with core // cladding = nominally Ge15As21Ga1Se63 atomic % (at. 

%) glass, doped with 500 parts-per-million-by-weight (ppmw) 

Ce // Ge21Sb10Se69 at. % [4]. (a) SIF with some debris arrowed 

and (b) SIF core // cladding interface [4]. 

 

 

 

 
Fig. 3. Cavity emission intensity versus the 4.15 m QCL 

pumping power, of the SIF (step index fibre) (code: F130RERC) 

of core // cladding = Ge15As21Ga1Se63 at. % glass, doped with 

500 ppmw Ce  // Ge21Sb10Se69 at. % [4]. 

 

 

 

 
 

Fig. 4. Area under the cavity emission peaks from Figure 3 

plotted here, versus the 4.15 m QCL pumping power between 

0 to 616 mW, of the SIF (step index fibre) (code: F130RERC) 

of core // cladding  =  Ge15As21Ga1Se63 at. % glass, doped with 

500 ppmw Ce  // Ge21Sb10Se69 at. % [4]. The threshold pump 

power for lasing is 86 mW. 
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