
The Virgo Coatings 
R&D Collaboration

VIRGO

LMA

♦ Sample production
♦ Characterization

ROMA ToV

PERUGIA

SALERNO
SANNIO

LEUVEN MoA under
discussion

g-MAG
Navier

g-MAG
INSP

♦ FEA
♦ GeNS from 10K to 300K
♦ Annealing in CA/VAC
♦ Thermoptic characterization
♦ AFM, ESEM-EDS

URBINO

♦ Cantilevers & GeNS Cryo
♦ Physics of Glasses
♦ Surface Brillouin, Raman, FTIR
♦ SEM-EDS
♦ XAS, XRD

PERUGIA-CAMERINO

♦ Mag. Sputtering
♦ XRD High T
♦ Ion Beam Analysis
♦ SIMS, AFM

PADOVA

♦ Cryogenic nodal 
suspension

TOYAMA (JAPAN)
♦ MBE
♦ AFM, TEM
♦ XRD, XPS
♦ Low T FTIR

LEUVEN

♦ Broadband Spectroscopic
Ellipsometry

♦ Optical properties vs T
♦ AFM, XPS
♦ Raman

GENOVA

♦ Cantilevers & GeNS 300 K
♦ Absorption (PCI)
♦ TEM, AFM, XRD

MAASTRICHT

♦ Pulsed Laser D
♦ Rapid Th. Annealing
♦ Raman, Brillouin
♦ Physics of Glasses
♦ Molecular Dynamics
♦ Ion Beam Analysis
♦ GeNS 300 K ≥1’’

g-MAG

♦ IBS HighT, IAD
♦ GeNS [300-10] K
♦ FEA
♦ Optical metrology

LMA

♦ Dual e-beam
♦ Study of the crystallization processes
♦ Physics of deposition and 

ultrastable glasses
♦ Molecular Dynamics and Modelling 
♦ Calorimetry and Dielectric response

PISA

♦ Mag. Sputtering
♦ Laser Polishing
♦ GeNS 300K ≥1’’
♦ FEA and AFM
♦ XPS
♦ Ellipsometry

ROMA ToV

♦ Micro-XPS
♦ Raman, FTIR
♦ AFM
♦ Thermobalance

ROMA 1

ROMA 1

PISA

URBINO

GENOVA

♦ IAD
♦ SEM,TEM,AFM and XRD
♦ Raman
♦ Annealing in CA/VAC
♦ nanolayered composites 

and Mie-metamaterials
♦ m-ary coating optimization

SALERNO-SANNIO

MAASTRICHT

PADOVA
g-MAG

iLM

A Binetti, WF Chu, S Mellaerts, C Bellani, K 
Schouteden, M Recaman Payo, JW Seo,             
JP Locquet 

Update on crystalline oxides coatings 



Crystalline materials

• GaAs based mirror coatings: G. Cole, S. Penn et al.

Supermirrors



                     GaAs                                    Ga2O3 

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



RHEED

• 500 nm Cr2O3 / Al2O3 

Substrate RHEED

Effusion  
cell: Cr

Shutter

O2 gas inlet



Temperature uniformity

• Original design



Mechanical losses

• Method: Gentle Nodal Suspension



Temperature uniformity

• New 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

• X-ray diffraction : strain



Crystalline films

• X-ray diffraction : strain

Center Edge



Crystalline films

• Strain and rocking curve



Oxide Characterization 

• (S)TEM, EDX, EELS 

• In-situ heating + cooling                                               
with reactive gases

Cr2O3



Crystalline films

• Dislocations



Crystalline films

• Twin boundaries ?



Laboratory



300 mm Oxide MBE (4th generation)

• FOUP compatible 

• faster process 

• better composition                                                     
accuracy 

• degassing & annealing                                              
chamber 

• uniformity control



300 mm XRD system 

• FOUP compatible 

• 9kW rotating anode 

• Goal: uniformity of crystallinity 

• Delivery September 2024



Summary

• Crystalline oxides offer unique possibilities for mirror 
coatings 

• Gradually improving the quality  

• Building up 300 mm growth and characterisation facility  


