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Welcome to the second TRIAGE project newsletter!

It has been a busy period for the project! Here you will find

items on the following TRIAGE topics from recent months:

• ECREAM booth at Photonics Europe 2022

• Fabrication of chalcogenide glass fibres at DTU

• Multipass cell development at Senseair

• Big data and machine learning for TRIAGE at CSEM

• VIGO type-II semiconductor superlattices

Consortium

Six projects from ECREAM (European Cluster of Research projects

for Environmental and Agri-food Monitoring) will share booth #227 at

Photonics Europe in Strasbourg, France. The exhibition will be open

on 05-06 Apr-2022, and the conference sessions will run from 03-07

Apr-2022.

Members of the following projects will be on the booth to present the

latest results and answer any questions on the work:

ECREAM at Photonics Europe 2022

PHOTONFOOD

TRIAGE

ULISSES

AEOLUS

GRACED

h-ALO

More information can be found on the TRIAGE ECREAM webpage: 

https://triage-project.info/links/ecream

More information is available on the project website

https://triage-project.info
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Fig. 1: Fibre loss spectrum for a GeSbSe-containing glass

in which constituent material was only heat-treated.

Fabrication of chalcogenide glass fibres at DTU

DTU’s role in the TRIAGE project is to

design, fabricate, and post-process low

optical loss sulfide and selenide-based

step-index chalcogenide fibres. These

fibres will be incorporated into the

NORBLIS 2-10 µm supercontinuum

source. Fabricating low loss chalcogenide

fibres begins with stringent purification

methods for each constituent element

being incorporated into the glass. The

inclusion of oxide and hydride impurities in

the glass will result in extrinsic vibrational

absorption bands, e.g. Se-H at 4.6 µm or

Ge-O at 8 µm (Figure 1). The required

elements are purchased at the highest

metallic purity available, but further

processing is needed to remove these

oxide and hydride impurities.

For step-index core glasses, this preform is then drawn to large diameter fibre, referred to as

cane. For cladding glasses, the preform is extruded into a hollow centred jacket tube. The

large diameter cane is then fixed into the centre of the jacket tube and then fibre drawn,

resulting in a step-index fibre. A hot embossing technique will be used to nanoimprint

antireflective microstructures on the fibre facet to reduce Fresnel reflection losses (up to 20 %

per interface due to the high refractive index of the chalcogenide glasses).

The initial processing method involves the heat

treatment of each constituent element under vacuum

using temperatures at which the oxide or hydride

impurity is effectively “baked” off the surface of the

material. Additional removal of impurities requires a

distillation process, commonly in the presence of

hydrogen and oxygen getters to sequester any

remaining impurities. All material handling is

conducted under vacuum or in the nitrogenous

environment of a glove box (Figure 2). These high

purity materials are then melted and homogenised at

temperatures between 700-900 °C. This molten

liquid is rapidly cooled to the glass transition

temperature (the temperature at which the atoms in

the glass cannot overcome the potential energy

barriers to reorder into a crystalline state) and the

result is an amorphous chalcogenide preform. This

preform is then annealed to remove any residual

stresses from the glass and increase handleability.

Fig. 2: All weighing and batching of materials

is carried out within a nitrogenous

environment glove box which maintains O2

and H2O levels <1 ppm.

For more info contact Richard Crane: riccr@dtu.dk

mailto:riccr@dtu.dk
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For more info contact Stephan Schröder: 

stephan.schroder@senseair.com

Multipass cell development at Senseair

Fig. 4: Photograph of one mirror in the MPC during the

mirror assembly. The red spots on the mirror show the

reflections of the mid-IR beam.

In the TRIAGE project, Senseair leads the task to design and develop the optical multipass

cell (MPC) for the multi-gas sensor system. Current commercially available MPCs are costly,

and maintenance intensive, while being delicate to handle and not flexible enough to meet

customer demands for high performance gas sensing devices. Therefore, Senseair will use its

>30 years of expertise in non-dispersive infrared (NDIR) sensor fabrication, to develop a cost-

effective, flexible and robust, but simultaneously lightweight, high performance MPC for use in

the TRIAGE project. Two generations of MPC will be developed, the first one finalised after

one year and the second improved generation after two years, with a focus on requirements

for mass fabrication.

The MPC is a critical component, in which the gases under test interact with the wide mid-

infrared (mid-IR) spectrum generated by the supercontinuum laser. Each gas absorbs a

specific wavelength with respect to its concentration in the MPC and then the mid-IR beam is

guided towards the Fourier Transform Spectrometer and the detectors. The Senseair MPC is

a sealed reservoir terminated by a mirror on each end, with gas in- and outlets as well as

additional integrated environmental sensors. The mid-IR beam propagates multiple times

between the mirrors and thus substantially increases the interaction path with the gas,

facilitating the high sensitivity of the gas sensing system. Figure 3 shows the first generation

of TRIAGE-developed MPC.

To realise the highest sensitivity of the multi-

gas sensor system, great care has been

taken in the choice of mirrors and the

assembly of the MPC. The mirrors are one of

the key components of the MPC: reflectivity,

robustness against corrosive gases in the

analyte and a tight optical specification are

essential to reach an optical propagation

pass length of 30 m for an MPC which is

itself only 0.4 m long. The mid-IR beam is

reflected 76 times from the mirrors before

exiting the MPC (Figure 4).

Fig. 3: Photograph of the first generation of the high performance MPC developed for the TRIAGE multi-gas

sensor system. The MPC is a sealed volume with gas in- and outlets to allow the gas sample of interest to

remain captive during the analyses.

mailto:stephan.schroder@senseair.com
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Big data

One of the goals of the TRIAGE project is to create a big data infrastructure that can collect

gas concentrations in the atmosphere from a network of detectors spread over Europe and

make it available to the public. The team responsible for this task at CSEM has already

identified some storage servers compatible with Amazon’s S3 ecosystem where data will be

open and is developing APIs to help find and download the data.

Since the TRIAGE modules are still under development, CSEM has identified another source

of environmental data available from NABEL, the Swiss air quality monitoring network, to

dimension and check the big data infrastructure. Once data becomes available from the

modified TRIAGE system, the project’s own dataset will also be added to this database and

will allow for baseline comparisons with the official NABEL reference measurements.

Fig. 5: A webpage with some

widgets is being developed to

demonstrate the functionality of

the system and to show the

current status of data collection.

It is currently in beta version but

will be soon available to the

public and will evolve alongside

the TRIAGE project. Stay tuned

for more info!

Big data and machine learning for TRIAGE at CSEM

Machine learning

TRIAGE machine learning algorithms are being developed both for the estimation of gas

concentration based on the absorption spectra, and for the prediction of the evolution of the

gas concentration. However, these algorithms need very large data sets for training.

Since the TRIAGE prototypes are not yet available, CSEM’s experts have developed a

training interface based on artificial data generated from the HITRAN database of gas

absorption spectra. First results on limited datasets acquired on the FLAIR prototype show

promising results compared with traditional least square fitting procedures (Figure 6). These

tests will be extended as more data will become available.

→ Stay tuned for additional information! 
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For more info contact Laurent Balet: laurent.balet@csem.ch

Fig. 6: Graphs showing preliminary results from the automated machine learning algorithm which calculates

gas concentration from spectral absorption data.

III-V superlattices
Type-II semiconductor superlattices – application potential

For almost 35 years, VIGO has been manufacturing a wide range of top-quality semiconductor

devices for detecting IR radiation within a wide wavelength range (2-16 µm). Two unique

features of the detectors sold by VIGO are: the possibility to equip them with a monolithic

refracting lens considerably improving the detector’s performance and the ability to work at

HOT conditions (High Operating Temperature: from -110 °C to 25 °C). Such conditions can be

reached by simple to operate thermoelectric coolers.

Currently, most of the detectors produced by VIGO are made from mercury cadmium telluride

(MCT) by metalorganic chemical vapour deposition (MOCVD). Over the years, MCT detectors

have been used successfully in many applications, but they do have some significant

drawbacks: poor heat durability, weak mechanical hardness, and the need for hazardous

materials in the manufacturing process. Consequently, other material systems are being

developed and investigated, and MCT technology provides the benchmark for them.

III-V materials are one of the promising competitors

for MCT. Those materials include metallic group III

elements, such as indium, gallium, aluminum, and

group V metalloids, like arsenic or antimony. Thanks

to their mechanical and chemical properties, they

enable the manufacturing of detectors with

significantly improved mechanical strength, heat

durability and resistance to ionising radiation.

Candidate materials include binary compounds, such

as indium arsenide (InAs), gallium arsenide (GaAs),

indium antimonide (InSb), gallium antimonide

(GaSb) and their ternary alloys e.g. InAsSb.

Sophisticated structures made of these materials

can cover a wide range of the infrared spectrum with

excellent device parameters (Figure 7).

Authors: Jarosław Jureńczyk, 

Łukasz Kubiszyn and Krystian

Michalczewski; VIGO Photonics

Fig. 7: Examples of VIGO photovoltaic

detectors (photodiodes) in which the

semiconductor layer is made of InAs or

InAsSb materials.

mailto:laurent.balet@csem.ch
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In recent years, VIGO engineers have achieved many successes in the development of III-V

materials grown by molecular beam epitaxy (MBE). This method enables the deposition of

extremely thin layers, down to atomic thickness. Due to the conditions of the process, it is

possible to deposit multiple thin films with clearly defined material boundaries (sharp

interfaces). These properties open the way to manufacturing devices based on quantum

structures, for example, quantum wells.

More recently, VIGO has begun to research type-II superlattice (T2SL) technology based on

InAs/GaSb, a particularly promising material for infrared detection. In-depth literature studies

and encouraging preliminary results of InAs/InAsSb (also called Ga-free) superlattice (SL)

samples have led to the further development of this technology. Easier growth and the

absence of numerous flaws limiting the parameters of InAs/GaSb SL were further arguments

for choosing this material.

A SL itself is a system of very thin layers of different materials with a thickness of several

nanometres. A single block building the structure is a pair of thin films, for example,

InAs/GaSb or InAs/InAsSb repeated several hundred times in the growth process (Figure 8).

Such an arrangement of materials forms an anisotropic metamaterial showing totally different

properties from its constituents. The properties change due to quantum phenomena related to

wells, as well as to potential barriers within these structures. In such materials, the energy gap

can be freely tuned by changing the layer thickness ratio or composition. As a result, it is

possible to control the bandgap which determines the spectral range of detection.

It is worth mentioning that SLs are a demanding material from the point of view of deposition

technology, and their parameters, i.e. Shockley-Read-Hall (SRH) generation or short average

diffusion length still differ from the values achieved for MCT.

However, due to their properties and internal structure, T2SLs are theoretically capable of

showing properties better than those of MCT and could potentially replace it on the market for

some applications. This possibility does not seem too far distant: VIGO already creates

repetitively simple photoconductive devices made of SL with a cut-off wavelength of 11-

12 µm with parameters comparable with or even better than those of MCT. (Engineering

samples of these detectors can be ordered from the VIGO website.) The spectral detectivity of

an immersed PC device operating at 210 K is shown in Figure 10.

Fig. 8 (Left) Cross-

section of an

InAs/InAsSb superlattice

structure showing the

sharp boundaries

between the nanoscale

material layers.

(Right) Transmission

electron microscope

image of an InAs/InAsSb

superlattice.
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For more info contact Łukasz Kubiszyn:

lkubiszyn@vigo.com.pl

In the TRIAGE project,

photovoltaic (PV)

heterostructures with a more

complex architecture, based on

InAs/InAsSb SLs are being

developed, optimised for HOT

conditions and LWIR detection.

They are inspired by VIGO’s

previous work on multijunction

vertically stacked devices which

were difficult to implement in

MCT due to technological

issues. Stacked design involves

a pair of PV cells connected in

series, grown one on top of the

other. Such a solution is

particularly beneficial for

materials with a short diffusion

length, which is the case for

LWIR SLs in HOT conditions.

This problem is solved by

matching the absorber

thickness with the diffusion

length. Comparing the device

with a single absorber, it is

possible to increase the

resistance and improve the

carrier collection. The latest

results show a significant

improvement of detectivity

compared with devices with a

single, thick absorber (Figure

11). With the use of an

immersion lens, VIGO expects

to obtain a 10-fold improvement

in detectivity.

Fig. 10: Graph showing the detectivity of an immersed LWIR SL

InAs/InAsSb photoconductor.

Fig. 11: Detectivity of LWIR SL PV stacked device compared with a

device with a single, thick absorber.

Fig. 9: A VIGO T2SL detector.

mailto:lkubiszyn@vigo.com.pl

