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Outline

 Chalcogenide Glass - Introduction
 Glass Manufacture — Improving Foundations

» Improving Materials — Building for the Future

“

 Device Challenges — Current and Planned
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ChaICOgenide GlaSS Manufacture Research Centre

* First Produced in 1950’s

» Sealed Ampoule Techniques

* Driven by Defence Applications

Commercially Established

SCHOTT

glass made of ideas

umicore
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Why are they Interesting?




Initially — An IR Optical Material
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Glass Quality Far from Ideal Research Genre

A

ORC Silica Fibre Fabrication ORC Non-Silica Fibre Fabrication
Typical Loss: < 0.2 dB/km Typical Loss: < 2 dB/m

Ten Thousand Times Higher Loss

A radical change in glass preparation is needed!

dstl
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« Raw Materials batched in nitrogen purged glove box
 Sulphides melted in vitreous carbon crucibles

» Typically 24 hours at 1150°C in flowing argon
 Quenched to below glass transition temperature

« Annealed at 500°C, depending on ingot size
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Current Glass Purity

Glass Purification Progress EPSRC Centre for Innovative Manufacturing -

=< in Photonics

0.1

2011 - As melted Glass

o
&

Loss Minimum _-
31.6 dB/m

o
o
&

—
=
£
[® ]
S
[ =
2
)
Q.
S
(@]
[7,]
]
<

R

approx 100 fold
reduction in

. s transmission loss
Loss Minimum

2014 - Improved Purification 0.3 dB/m

e ——

Ry

K

3 4
Wavelength (microns)

M~




Sou UNIVERSITY OF
ithampton

Optoelectronics
Research Centre

GLS Infrared Transmitting Glass
A cadically new cha\cug-‘:nx‘;c glass and \ung—awl\\td alternative o tOXIE a:a-.:n\.:-\usf.d | W (=1

* L_'J—pl'l ."1_\ (ransparency from the visihle o jnfrared wavel engihs and ghermal stability up “ “ Q .

5RO £a ﬁ Physlcal Data and

e BCon mmical \:rm_\ur.\'\i'-n can be melted in .1\3:;;0-5::3’.‘; without the need

oule péaxccss\ﬂg R C .
e ...wT_u.'r;:n\".\n\l haracte rl Stics

* o ) tEmes greatel perfort ance mx.\w-’cra'.\ {ransmisson i thee 3
ared 10 earl¥ asses of {he same family this is a 125 t of subst antially 7 duced
v bevels, 10 \'::-.tL'\.'._\ar ot and SH ghsorption hands at around 3 and 4 micrens

high pificiency thin-Alm solar

. Awide range of applications ey IR an 4 non-inear optics.
the choice & yndductor for

cells, high _capacity hateries and sEnsOT3 with potentizh a5

developing heyond ACMIOS Apctronics and all _optical processing {echnologies

physical dataand pypical characteristics standard formats

pvailable 28 ke ghass OF pa\i:;hcd optical P | C k
up ac
opy

components thin and {hick films and

Refractive index @ .58 pm 7,493 emerging an uptir.a\ fibre: & MENE0nS for O f
A di . 4 d'\scs.mi_\s.windcmi prisms o0 request O

d pr Raw glass IDECHS {up to 500 grams) £20 ur b Foc h ur
Temperalur® dependenc® dnaf 75 £ 1041 °C b provided g your own 0 “house ghass e
Hu)kununﬂﬂi“‘ 50 (1 nnnﬂm—hﬂ‘l 053 - pm processing

w3
ik absorpion & 4Rum a0t Bespoke speciﬁcations
@ 1064 am {coated) ¢ o ;

e |h£€'shn|d | 54 ym (9 ':pmﬁr.aunns peyond the L';mca\ formats

age @ 15417 coated! guflined here 1Y e avaitabie: including:

,  Rawgess jmgets cut and p&'.-\ishcd o
your s?cc'\ﬁca\mn

Glass gransitien Y

: . , Other glass commpasnons. which

Ed:aA e e Can provies Jer standar

Magmert se temperati™ aterial op agreement for rapid

Melting 230 eyaluation Yy imdust J acadermd

. ag™? 3

wermal expansion i c'x 10 Please contact us Jizcuss YOur specific
haalmpaﬂtf 054 gk rcquiwmcms.

Thermal conductivity 043 wi mK

Contact U8

404 an’
ot ¥ Professot Dan Hewak
\i'\pmc\ccmmiu Research Centre



UNIVERSITY OF

: : Southampton
Corrosion resistance Optoclectronics
Research Centre
Chemical vulnerability weakness for previous .
chalcogenides 3- |-
1G4 (Ge:As:Se) 4 day 23% mass lossin =~ ¢ :;_
ethylenediamine (EDA) o e

Tirne [days)

e GLS surface after 1 month exposure to

Cleaning Agents
Amine Solvents

Control Acetone Methanol

Control Propylamine Butylamine

» Significantly improved chemical resistance 20X image surface



Many Properties
= Many Applications
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Markets

Chemical
Sensing

Physical properties

Defence &
Security

Infrared | Multi- ‘Stableto‘
transmit state 600C

Consumer
Electronics

Multi-format - Semiconducting‘
film, fibre, bulk / metallic
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Aerospace
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Chalcogenide content of systems will increase

slide courtesy of John Lincoln
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Emerging Devices

Demonstrated and Challenges:
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Glass Optimization (The Hard Way!) Research Centre

Paul Bastock, Chris Craig

Glass Optimization High
(The Efficient Way!) - " Throughput
5 Material
Discovery
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High Throughput Screening Chip

90% of Compositional Space

625 unique devices

B.Gholipour, Novel Chalcogenide Optoelectronic and
Nanophotonic Information Storage and Processing Devices,
PhD Thesis - May 2012
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GLS
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Chalcogenide P/N Junction

GalaSO 230 nm
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Modifying chalcogenides through non-equilibrium doping via ion
implantation
(collaboration with Richard Curry, University of Surrey)
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Waste Heat » Electrical Power
Heat absorbed
e S 2 T  Figure of merit (ZT) depends on Seebeck
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Schematic and real device image of TFTE on
PI substrate

(collaboration with Harish Baskharim, University of Oxford)
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10 15 20 0 5 10
incident angle incident angle

(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)
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Applications and Challenges:

There remain hundreds of layered materials
that could still yield monolayers
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 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.

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

Dan Hewak
dh@orc.soton.ac.uk
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