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Outline

• Chalcogenide Glass - Introduction

• Glass Manufacture – Improving Foundations

• Improving Materials – Building for the Future

• Device Challenges – Current and Planned



Chalcogenide Glass Manufacture

• First Produced in 1950’s

• Sealed Ampoule Techniques

• Driven  by Defence Applications

Commercially Established



 Glass is semiconducting, conducts electricity

 Easily switched between amorphous & crystalline state

 Transparent in the infrared, to beyond 15 microns

 Photosensitive (in 44 ways!)

 Highly non-linear, low two photon absorption at telecoms wavelengths

 Easily doped with rare earth elements, transition metals

 Easily cut, polished, extruded, drawn into fibre, formed as thin films

 Commercially importance proven:   memory and defence

 Bright Future: 2D materials, beyond CMOS electronics

Why are they Interesting?
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Initially – An IR Optical Material

Oxide Glass 
Transmission

Sensing

Defense

Imaging

Atmospheric Transmission Windows



Why more Materials Research?



Glass Quality Far from Ideal 

ORC Silica Fibre Fabrication

Typical Loss: < 0.2 dB/km

ORC Non-Silica Fibre Fabrication

Typical Loss: < 2 dB/m

A radical change in glass preparation is needed!

Ten Thousand Times Higher Loss



Ga:La:S Melt Quenching

• Raw Materials batched in nitrogen purged glove box

• Sulphides melted in vitreous carbon crucibles 

• Typically 24 hours at 1150oC in flowing argon

• Quenched to below glass transition temperature

• Annealed at 500oC, depending on ingot size



Glovebox

Furnace Enclosure

Gas Purification

Gas Inlet

Focus on Glass Melt Facility

System Capability:

• Designed completely in-house so 

flexible

• Instrumented to guarantee consistency

• National Instrument and Labview code, 

provide recipes and automation.

• MFC flow controls

• Online dew point measurement

• State of the art purifiers include 3nm 

particulate filters and up to 100 ppt

removal in certain gases.

• Gas detection and automated shutoff

• UPS power backup for 8 hours
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Daily Monitoring of Gas Purity



Sample: LD1592

Current Glass Purity



Physical Data and 

Characteristics

Pick up a copy 

of our brochure



Corrosion resistance

Chemical vulnerability weakness for previous 
chalcogenides

IG4 (Ge:As:Se) 4 day 23% mass loss in 
ethylenediamine (EDA)

Control

Control

Acetone IPA Methanol

Propylamine Butylamine EDA

20X image surface

• GLS surface after 1 month exposure to

Cleaning Agents

Amine Solvents

• Significantly improved chemical resistance



Many Properties 
= Many Applications

Markets

Chemical 
Sensing

Defence & 
Security

Consumer 
Electronics

Aerospace

Applications

Physical properties

Infrared 
transmit

Multi-
state

Stable to 
600C

Multi-format -
film, fibre, bulk 

Semiconducting 
/ metallic 

Chalcogenide content of systems will increase
slide courtesy of John Lincoln

Photo-
sensitive

Actively 
Doped



Emerging Devices

Demonstrated  and Challenges:



Glass Optimization

10:90                                            50:50                                                        90:10       

(The Hard Way!)

High
Throughput 
Material 
Discovery

Brian Hayden
Jaffar Saleh Subaie

Glass Optimization  
(The Efficient Way!)

Paul Bastock, Chris Craig



High Throughput Screening Chip

Phase Change Memory

90% of Compositional Space

625 unique devices
B.Gholipour, Novel Chalcogenide Optoelectronic and 

Nanophotonic Information Storage and Processing Devices, 

PhD Thesis - May 2012



Optimum Composition GLS Switch 

GLS 

nanowire
Platinum



Chalcogenide P/N Junction

Modifying chalcogenides through non-equilibrium doping via ion 

implantation

(collaboration with Richard Curry, University of Surrey)



Thermoelectric Devices

Waste Heat          Electrical Power

[1]

Figure of merit (ZT) depends on Seebeck 
coefficient S, thermal conductivity λ, and electrical 
resistivity ρ.

Research directions:

• Thin film TE

• Nanostructuring

• Novel design of TE
Classical bulk TE



Load

p & n 
pairs

Metal 
pads Hot side

Thermoelectric Device Fabrication

Schematic  and real device image of TFTE on 
PI substrate

Load

p & n 
pairs

Metal 
pads Hot side

(collaboration with Harish Baskharim, University of Oxford)



3D Photonic Bandgap Structures

Backfill with Ge-Sb-S by CVD

(a) woodpile structure template before backfill process;

(b) SEM image fabricated by FIB showing the quality of in-filling

Collaboration with John Rarity, University of Bristol)

Ge-Sb-S

polymer

(a) (b)

Before:

AfterBefore



2D Emerging Materials

Applications and Challenges:

There remain hundreds of layered materials 
that could still yield monolayers



Summary

• Chalcogenide glass clearly has broad reaching potential

• With long term funding radical changes in their 
processing and applications were enabled

• The fascinating application space ensures the future of 
these materials.

• If you’d like some glass or thin films, please ask!

Dan Hewak

dh@orc.soton.ac.uk
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