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Executive Summary:  This is the final report for the AOARD grant FA2386-19-1-0043. Here we 

summarise all our efforts to understand and design fibre lasers for emission beyond 4 µm. It is widely 

known that ZBLAN glass supports phonon energies that are ~560 cm-1 and it may support lasing 

beyond the current 4 µm limit. The important outcomes from the project include: 

 

1) we have shown through detailed numerical modelling that pulsed pumping of Dy-doped InF3 glass 

fibre will create the emission at 4.3 µm  

2) that doping rare earth ions into crystals and then doping the crystal into a fluoride glass could offer 

a solution for the future. This project is currently being funded by the Australian Government. 

3) cooperative 3-ion energy transfer is operating in the Dy ion system when the concentrations are 

high (>3 mol.%) and the inversions are high. This may be a beneficial process for the 4 µm transition. 

4) we have shown that co-doping Dy3+ with Tm3+ provides an effective route to excitation of the upper 

laser level of the 4 µm transition that is diode pumpable and is potentially highly efficient. 

5) that effective fibre Bragg gratings can be written into InF3-glass optical fibre. This will be a key 

component to all future fibre 4 µm-class fibre lasers. 

 

 

Introduction:   

 

Fluoride glass fibre is the dominant and most widely used glass in mid-IR fibre laser research, but 

there has been no demonstration of lasing beyond 4 µm using this glass. The aim of this project was to 

investigate the potential of a new type of fluoride glass based on InF3 precursor material for emission 

at 4 µm and beyond. This glass supports lower phonon energies compared to other fluoride glasses 

and hence has better infrared transmission. We are exploring the 4 µm transition of the Dy3+ and Ho3+ 

ions in the project as they show the greatest potential for high power output, and they can be excited 

using direct diode laser pumping. 

 

Fibre lasers are the ideal platform for the emission of high power cw light because the light is tightly 

confined within a core and the large surface area to volume ratio effectively removes any heat created. 

This makes fibre lasers such a disruptive technology particularly in the near-IR but emission in the 

mid-IR is much more of a challenge because the glasses used have weak thermomechanical properties 

and they harder to handle. To date, the longest emission wavelength from a fibre laser is 3.9 µm, with 

only 0.2 W emitted.  

 

The aims (as originally stated in the white paper) are: 

 

1. Room temperature emission from a 4 µm class fibre laser. This is significant because all 

previous demonstrations have been at cryogenic temperatures. 
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2. The first directly diode pumped 4 µm class fibre laser. This will be the most convenient 

method of generating high power 4 µm light. 

3. The first cascade laser with 3 µm and 4 µm emission. This is significant because dual 

wavelength emission opens many new applications. 

4. The first 4 µm class ultrafast fibre laser. Currently, mode locked mid-infrared fibre lasers are 

limited to emission wavelengths <3 µ 

 

Table: Specific milestones of the project as stated in the original White Paper and 2019-2020 

annual report 

 

Milestone Progress Our Future Work 

(as stated in 

Completion 

Date 

Complete 

First 

room-temperature 

3.9 μm laser using 

Ho3+ fibre 

Accomplished by 

a competing group 

in Canada in 2019 

Completely 

simulate this 

system and 

optimize it using a 

detailed numerical 

model. 

2020 NO – a number 

of other groups 

have already 

published in 

this area 

First diode pumped 

Ho3+ fibre laser 

emitting 3.9 μm 

Accomplished by 

a competing group 

in Canada in 2019 

Combine our 

numerical model + 

our in fibre Bragg 

gratings for the 

demonstration of 

the first all fibre 

version of this 

system 

2021 INCOMPLETE 

– we have 

decided not to 

pursue this as 

many groups 

working in this 

area now 

First fibre laser 

emitting beyond 4.0 

μm, using Dy3+ 

fibre 

Numerical model 

being developed 

and spectroscopy 

measurements 

being designed 

Publish results of 

numerical model 

and spectroscopy 

measurements 

2020 COMPLETE 

First diode pumped 

Dy3+ fibre laser 

emitting in the 

mid-IR 

COMPLETE Examine alterative 

pump wavelengths 

to help quantify 

energy transfer 

upconversion 

2020 COMPLETE 

Demonstrate lower 

laser level 

de-excitation using 

excited state 

absorption 

 

Numerical model 

being developed  

Publish results 

from numerical 

model + 

demonstration 

change in optical 

gain 

2020-2021 PARTIALY 

COMPLETE 

First short-pulse 

fibre laser above 3 

μm 

COMPLETE Extend pulse 

generation to 

nonlinear 

polarization 

technique for the 

3.5 µm transition 

of Er3+ 

2020  

Probe the mid-IR 

nonlinear optical 

properties of new 

nanomaterials 

INCOMPLETE Intend to seek 

funding for 

ultrashort-pulsed 

MIR fibre laser for 

these 

measurements  

2020 Funding 

unsuccessful 

Demonstrate stable 

4-μm-class pulse 

INCOMPLETE The milestone is 

dependent on the 

2021-2022 INCOMPLETE 
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sources using 

nanomaterials 

completion of a 

number 

beforehand. 
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