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INTRODUCTION

The specifications for optical absorption losses of Advanced LIGO optics, of 0.5 ppm
level, can now be reached using different techniques, among which ion-beam
sputtering is anticipated as the most suitable for high-damage threshold and low loss
dielectric optical coatings. The current challenge for AdLIGO optics is the optimization

of the other parameters, like mechanical/elastic noises, spurious charge build-up, etc.

With this aim, the Stanford and Caltech teams in collaboration with CSIRO have been
Investigating the optical and mechanical properties of various coatings, both single- and

multilayer, related to the LIGO AR and HR coating “recipes”.

This poster summarizes the results on the optical absorption study of coatings deposited

at different conditions as well as the effect of post-annealing.



The PCIl Method (idea of thermal lensing)
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Absorptive material: amplitude Transparent lens: phase object.
object. Contrast image No amplitude change, no contrast, no image




Physical Principles
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The probe phase is distorted due to heating: Ap = ( j x Lx——xAT
A oT

Ag transforms into an intensity distortion

(maximum at the Rayleigh length): Alll ¢ Ap << 7

The PCI signal A4l/l, for a pump beam of power Wp and waist wy
“chopped” at a frequency f, can be written as:

Lo B

where L Is the interaction length, « is the thermalized absorption loss,
and x stands for the thermal conductivity.




PCIl method (how it works)
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Wpump < Worone- When the pump is on, the probe experiences phase
distortion (4¢) In the heated area. At some distance, Ag transform into
Al and an effective interference occurs between the central spot
(distorted) and outer ring area (undistorted) of the probe




A small angle, < 7°, between the probe and pump beams allows localization of the
heated area and isolation of the probe output in space.

Sensitivity:  better than 0.1 ppm (surface absorption)
better than 0.2 ppm /cm (bulk absorption)

Optical loss measurement scheme for surface absorption
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Scanning direction: z-axis

Blue: the position where the pump and probe beam cross:
Red: the position where the imaging system collects the signal from.




PCl setup
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The probe wave (632 nm) with a larger waist (90 um) senses the lensing effect of the
pump (1064 nm) with a smaller waist (35 um). Interference occurs between different
parts of the probe wave due to phase mismatch.



The PCI signal and additional monitored parameters

3x0.1 inch CSIRO-REOG mirror, 30 layers, z-scan, 70% UV esposed
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1) Monolayer coatings

Sample Thickness (nm) | Absorption (ppm)

Ta205 500 1to 4 ppm

Si102 500 <0.5t0 9 ppm

Nb205 500 25 10 40 ppm

Ta205/Si102 48/238 1.851t0 17 ppm

Annealing effect
Alpha before | Alpha after | Annealing
Sample :
(Ppm) (Ppm) regime

Ta205 4.1 1.15 350, 24 hrs
Si02 9.4 3.1 350, 24 hrs
Ta205/S102 17.1 2.4 350, 24 hrs
Ta205 1.9 1.65 600, 19 hrs
Ta205/S102 600, 19 hrs
(AR) 4.3 4.05




The goal of this 1% phase annealing was the study of the stress removal effect.
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As seen, low-temperature annealing, 300 to 350°C, is more efficient. The increase of
the optical absorption at higher temperatures is possibly due to the growth of
crystallites.



2) Double-layer AR coatings (oxygen effect)

Tantala/Silica double layers (~41 nm Ta,0s/241.4 nm SiO,) were deposited at
different oxygen excess in chamber, 25, 33, and 40 cm®, and were annealed
subsequently at temperatures varying from 350 to 550°C in vacuum or air.

Oxygen 40 cc in chamber Oxygen 33 cc in chamber
Sample #| Annealing | Alpha (ppm) Sample #| Annealing | Alpha (ppm)
21 None 4.5 28 None 12.3
22 450air | g5 29 None 10.6
23 550air | 805 31 450 air | 11.1
24 350vac | 128 32 550 air | 3.05
25 40vac | gs55 33 350vac | 11.2
26 S0vac | 1565 34 450 vac | 14.2




Oxygen 25 cc in chamber
Sample #| Annealing | Alpha (ppm)
35 None 16.75
36 450 air 10.25
37 550 air 9.95
38 350 vac 5.1
39 450 vac 12.7
40 550 vac 14.05

The trends are

1) Annealing in air is better than in vacuum;
2)  Annealing temperature must be below 450C.

3) Oxygen excess 40 cc in chamber is better in general
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Variation of the optical absorption of two AR Ta,0Os/SiO, coatings versus oxygen
excess content in the chamber for depositions in air and vacuum.



2) Double-layer AR coatings (effect of substrate
temperature)

Tantala/Silica double layers (~41 nm Ta,0s/241.4 nm SiO,) were deposited at
different target temperature. Oxygen pressure was slightly different for SiO2 (35
cm’) and Ta,0s (49 and 45 cm®). Samples were annealed subsequently at 450°C in
0.2 atm O, .

Sample # | Deposition Temp (C) | Absorption (ppm) Notes

85 50 1.6

93 100 11.8 uv-ozone cleaned
substrate

67 100 9.55

78 100 13.8 uv-ozone cleaned
substrate

80 100 10.9

68 125 9.75

90 125 13.15

Conclusion: lower the target temperature lower the optical absorption



Summary of the Results

The deposition and post deposition conditions are optimized for monolayer and
AR (1064 nm) coating using the ultra-low optical absorption measurements PCI
setup.

The trends favorable for lower optical absorption are:

1) Lower deposition target temperature (50°C)

2) Slightly oxygen enriched atmosphere with respect to air (25 cm® in SCIRO IBS
chamber)

3) Moderate stress releasing post-annealing temperature (300 to 350°C)
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