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The Experiment

• Silica is the LIGO low-index coating material.
• Excellent optical properties.
• Low Mechanical Loss that this well understood for bulk samples.

• Determining the loss in silica coatings allows:
• Separation of mechanical losses of the materials in a composite coating
• Optimization of the silica/tantala (doped) coatings
• Test if the loss model for the bulk applies to thin films

• Measured a 1 micron silica coating
• Annealed at 600 C by the coater (CSIRO)
• Annealed by HWS at 800 C, 1025 C (Suprasil stress temp) , and 1150 C 

(Suprasil anneal temp).
• Checked vs silica loss model and other results

• Measured a Silica/Alumina coating
• Used the silica loss to extract the alumina loss.
• Measured coating change with annealing temperature.
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Fused Silica Loss Model
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Fused Silica Loss Model
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Fused Silica Coating Loss

5
500 600 700 800 900 1000 1100 1200
0

0.2

0.4

0.6

0.8

1

1.2
x 10

!4

Anneal Peak Temperature (C)

!

Mechanical Loss vs Annealing Temperature

 

 

Sample 264, Mode 1

Sample 264, Mode 2

Sample 27LP, Mode 1

Sample 27LP, Mode 2

Silica Model



Fused Silica Coating Loss

5
500 600 700 800 900 1000 1100 1200
0

0.2

0.4

0.6

0.8

1

1.2
x 10

!4

Anneal Peak Temperature (C)

!

Mechanical Loss vs Annealing Temperature

 

 

Sample 264, Mode 1

Sample 264, Mode 2

Sample 27LP, Mode 1

Sample 27LP, Mode 2

Silica Model
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Does this 
sample 
violate the 
silica model?

φ = 2.7× 10−6



Fused Silica Surface Loss
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• Silica/Alumina Coating:
• Choice of two low-index, low-mechanical loss materials
• Additional ≈3x layers required for high reflectivity coating 

• Total loss could be lower if material losses sufficiently low

• Both Materials may be annealed at high temperature.
• Difference in CTE causes coating breakdown when annealing above 600 C.

• Loss Measurements
• From vendor: 

• Annealed at 400 C: 

• Annealed at 600 C:  

• Silica coating after 600 C anneal: 

• Calculated Alumina Loss
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Silica/Alumina Coating

φ = 6× 10−4

φ400◦C = 2.7× 10−4

φ600◦C = 1.7× 10−4

φAlumina = 2.0× 10−4

φSilica = 1.7× 10−5

(Y s)totalφtotal = (Y s)silicaφsilica + (Y s)aluminaφalumina



φ = 6× 10−4

φ400◦C = 2.7× 10−4

φ600◦C = 1.7× 10−4

• Silica/Alumina Coating:
• Choice of two low-index, low-mechanical loss materials
• Additional ≈3x layers required for high reflectivity coating 

• Total loss could be lower if material losses sufficiently low

• Both Materials may be annealed at high temperature.
• Difference in CTE causes coating breakdown when annealing above 600 C.

• Loss Measurements
• From vendor: 

• Annealed at 400 C: 

• Annealed at 600 C:  

• Silica coating after 600 C anneal: 

• Calculated Alumina Loss φAlumina = 2.0× 10−4

φSilica = 1.7× 10−5

(Y s)totalφtotal = (Y s)silicaφsilica + (Y s)aluminaφalumina
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Silica/Alumina Coating

Experimental measurements of mechanical dissipation in dielectric coatings 6
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Figure 3. Residual losses for SiO2(φSiO2
) and Ta2O5(φTa2O5

) as a function of
frequency.

from the LMA coatings along with the residual loss of the Al2O3/Ta2O5 coatings for
each mode measured it is possible to estimate the loss associated with the Al2O3

component of the two coatings. This method is valid if the loss of tantala is the
same between coating vendors. To check this, the loss of a MLD coating equivalent
to coating 1 was measured and found to be the same as that of the LMA coating
within error. The calculated values for the per mode Al2O3 loss in the MLD and
Wave Precision samples are plotted in figure 4 along with the equivalent losses for
SiO2 and Ta2O5.
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Figure 4. Residual losses for SiO2 (φSiO2
), Ta2O5 (φTa2O5

) and Al2O3 (φAl2O3
)

as a function of frequency. Note that for the Al2O3, losses are quoted for both
the sample obtained from MLD and that obtained from Wave Precision.

Note that the level of the loss of Ta2O5 is still the highest of the coating materials
studied. Approximating the frequency dependence of the Al2O3 loss as linear we find
the residual loss of the Al2O3 component of the coatings to be, for the MLD coating
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New Directions

• Additional tests of silica with coating thickness  

• Explore doping of small atoms (boron) into Alumina 
to lower CTE.  Preserve coating at higher anneal T.
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