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Measured loss angles of nanolayer coated cantilevers 

The NTHU (left) and soon-to-be available USannio (right) deposition facilities.  

Equivalent (n=2.065, QWL) Titania/Silica nanolayered  films, with different nanolayer  number/thickness.  
Left: XRD spectra after 24h annealing @ 300C.   Top-right:  TEM and  ED images . Bottom-right:  EDXRD 
interface profile reconstruction. 

Glassy-oxide composites based on low-loss, high-index  cryo-
friendly materials like Hafnia,  Titania  or  Zirconia are possible 
options  for  the  highly  reflective test - mass coatings of  next 
generation  interferometric detectors of gravitational waves.  
 
Pure TiO2,  HfO2, and ZrO2  crystallize upon thermal annealing, 
which blows up their optical  (absorption / scattering) and me-
chanical losses.  
Silica  doping  contrasts  crystallization  in  these  materials  [1],  
but  optimal  doping  formulation  still  requires extensive trial-
and-error. 
 
Nanolayered composites consist of alternating nanometer-scale 
layers of TiO2 or HfO2 or ZrO2 , and a stable glass-former (SiO2 or 
Al2O3). They are  effectively homogeneous as regards their visco-
elastic  and  optical  (far from grazing incidence) properties, that  
are easily modeled [2].  They do not pose any hard  processing 
challenge, and are nicely tolerant of deposition (in-)accuracies. 
Compared to co-sputtered mixtures with the same composition, 
they may be optically denser, and exhibit lower mechanical los-
ses [3].  
The glassy layers hinder crystallization of the high-index compo-
nent upon annealing [4], by inhibiting crystallite growth.  
Nanolayered films with the same effective optical and viscoela-
stic  parameters  can  be  designed using  different numbers of 
layers with different thicknesses [5].  Titania/Silica nanolayered 
films  with  thinner layers  tolerate  higher annealing  tempera-
tures  before crystallizing  [6]  (similar to Hafnia/Alumina nano-
layered composites [7]) resulting into lower mechanical losses, 
down to  𝝋𝝋 ≈  𝟏𝟏𝟏𝟏−𝟒𝟒  [8].   
The possible impact of the large number of interfaces on optical 
scattering properties, will be next investigated, before designing 
a whole HR  small-scale  coating prototype. 
 
The idea of nanolayered  glassy oxide composites has been pro-
posed,  and  the  related  research  work  is carried out  in  LIGO,   
by the LSC  Groups  at  NTHU,  USannio and CSULA. 
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