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Chalcogenide glasses

» Transmission in infrared (IR) wavelength
» Wide range of applications including

* Optical fibers

* Lenses

* Sensors




Chalcogenide glasses

However...

» Very brittle

» Poor chemical durability
Creating crystals would solve
this which leads to the
creation of a glass ceramic.

Must be careful though!
Crystals cause the loss of
transmission.




Glass Ceramics

A glass ceramic is created when the glass undergoes timed
heat treatments to allow the development of crystals.

Glass ceramics are stronger than glass due to:
» Uniform particle distribution
»> Little porosity
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Glass Ceramics

Also have a higher fracture toughness because fracture fronts
are forced to go around the crystal.
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Glass Ceramics

Even more importantly...

Crystal growth allows for tailorable refractive index by
controlling the volume fraction of the crystals and the glass!

Negp ~ (Vglass)(nglass) ™ (Vcrystal)(ncrystal)

But more crystals also leads to less transmission due to:
» Scattering — due to crystals
» Absorption — natural loss from glass & from crystals
» Fresnel loss — surface reflection



The GAP-Se Chalcogenide Glass

20GeSe,-60As,5¢e;-20PbSe has been used in heat treatments
previously.
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The GAP-Se Chalcogenide Glass

Heat treatments led to little increase in hardness with high
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The GAP-Se Chalcogenide Glass

Heat treatments caused more scattering due to the glass’s
phase separation.
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Transmission Electron Microscopy (TEM) images of GAP-Se glass.




The GAP-Se Chalcogenide Glass

New glass versions created by Amorphous Materials Inc. (AMI)
are completely homogenous!




Purpose & Methods

See if these new glasses can undergo crystallization, leading to
a more durable material with low optical losses.

Use heat treatments to create crystals.
Observe crystal growth with SEM & XRD

Measure density.

.
2.
3. Measure Vicker’s hardness of the glass.
4.
5. Measure transmission with FTIR.




Heat Treatments

Nucleation Step: Glasses kept at 220 °C for 2 hours
followed by growth steps.

Four samples:
|. Base — no heat treatment
30 minute treatment at

2.
3. 30 minute treatment at 260 °C
4. 30 minute treatment at 2/0 °C
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Observance of Crystal Growth

Scanning Electron Microscopy Results

Glass with 60 minutes at 270 °C




Mechanical Results

Vicker’s Hardness Measurements
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Mechanical Results

Density Measurements
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Transmission Results

FTIR Measurements of old phase separated glass with new ones

N1 - R3
70 - — Base
60 r —— 250 °C
60 — 260 °C
. o — 270 °C
. 50
2
c
— 40 o
S w40+
2 1 ®
2 £
é 30 Hiese \\ 2 30
é — —— — 220°C-2hrs :_’E
20 — . — . 220°C-2hrs, 250°C-30min i\ 20
— .« — 220°C-2hrs, 260°C-30min
ol 10 -
.............. 220°C-2hrs, 270°C-30min ]
| | | | | | | | 0- T | | |
0 5 10 15 20
0 2 4 6 8 10 12
|6 Wavelength [pm] Wavelength / um




Transmission Results

FTIR Measurements of longer heat treatment time
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Conclusions & Future Works

» We were able to use heat treatments to increase the
hardness of our

» Longer heat treatments need to be completed to get the
maximum hardness values.

» We can use these methods to create more durable
chalcogenide glasses.
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