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Crystalline materials

• GaAs based mirror coatings: G. Cole, S. Penn et al.
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Point symmetries
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Different symmetries => origin of losses



• Dislocations

Point symmetries
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Introduction to dislocations, Hull



• Dislocations

Point symmetries
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@ 20 MPa



Corundum structures

• Why study these ?


• AAO3


• Same structure as sapphire


• Spacegroup 167 


• Mechanical loss angle of 
sapphire crystals ~ 10-9


• 6 layers of rotated MO6 
octahedra


• Solid solutions

R3̄c



Corundum structures

Refractive index: HIGH

Refractive index: LOW



Molecular Beam Epitaxy

• Ultrahigh vacuum 

• In-situ monitoring 

• Shutter control 

• Highest purity 

• Highest quality 

Substrate RHEED

Shutter

O2 gas inlet

Effusion  
cell: Cr



Molecular Beam Epitaxy

• 500 nm Cr2O3 / Al2O3 

Substrate RHEED

Effusion  
cell: Cr

Shutter

O2 gas inlet



Temperature uniformity

• Original design



Crystalline films

• Quality criterium: X-ray diffraction rocking curve



Crystalline films

• Quality criterium: X-ray diffraction rocking curve

1 cm 
2 inch



Crystalline films

• Quality criterium: X-ray diffraction rocking curve



Crystalline films

• X-ray diffraction T-2T: strain



Crystalline films

• X-ray diffraction : strain

Center Edge



Crystalline films

• X-ray diffraction pole figures: twin domains



Crystalline films

• Dislocations, twinning



Mechanical losses

• Method: Gentle Nodal Suspension



Mechanical losses

• Cr2O3/Al2O3 (old configuration)



Temperature uniformity

• New design



Mechanical losses

• Cr2O3/Al2O3

5 x 10-6 3 x 10-6 



Mechanical losses

• Cr2O3/Al2O3 (old configuration)



Spectroscopic Ellipsometry 

• Cr2O3/Al2O3

by Sven Peeters



Outlook



Corundum structures

Refractive index: HIGH

Refractive index: LOW



300 mm MBE system

Anneal

MBE

Storage

Load Robot
Cassette



Crystalline Oxide Coatings: tools & process flow
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Summary

• First experiments on crystalline oxides: Cr2O3 

• Demonstration of high quality epitaxial growth on 2” 

• Low mechanical losses (3 10-6 @ 7K) despite large 
amount of dislocations and twin domains 

• Optical characterisation (absorption & birefringence)  

• Starting work with the 300 mm system 




