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Introduction

Need precise equipment to detect gravity waves

aLIGO uses glass to suspend its test masses

LIGO Voyager will use cryogenically-cooled silicon

Silicon suspension ribbon needs low thermal noise and a strong bond



Background

e Optical contacting bonds two
surfaces with intermolecular
forces

e Surfaces need to be flat

e Better mechanical quality than
any adhesive

e Heat and pressure may improve
bond

(credit goes to Wizard of Vaz on YouTube)




Motivation

e How to make a stronger bond?
o Cleaning and polishing
o Heat
o Pressure

e How to test bond strength?

o Shear and tensile strength
o  Thickness of the gap
o Mechanical quality

e Whatis a “strong enough” bond?
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e Surface area
determines bond
strength

e Newton’s rings
indicate a bond

e Needs to be flat

e Couldintroduce
heat and pressure



Cleaning

Scrub surfaces
Remove fibers

Rub slides together
Repeat until success

Alternatively...

e Putliquidin gap
e Wait




Heat and pressure

Hot plate and
brass slab
Need
uniformity
Heating needs
to be slow






https://docs.google.com/file/d/1VfOVej-wX62kCUfaEUpDL7P2XmwNtwe0/preview

Heat and pressure

Hot plate and
brass slab
Need
uniformity
Heating needs
to be slow
Pulse width
modulation
Currently no
improvement




How to test bond
strength?

e Gap thickness using
ellipsometry

e Mechanical quality
by measuring
ring-down

e Shear strength
through hanging
weights

e “The Razor Test”
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“The Razor Test”

e Bladeinthe gap
e Lacks uniformity
and precision
e Needed awayto
systematically
insert the razor
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Future prospects

e Flatter surfaces
o Cleaner
o More polished
o Higher quality
e More controlled heating
e Better strength tests
o Improve razor test apparatus



Summary and conclusion

Optical contacting is a potential alternative to adhesives
Quantify and improve bond strength

Heat and pressure may strengthen bond

Newton'’s rings and razors indicate strength

What is a “strong enough” bond?



Acknowledgements and sources

e Rana Adhikari and Koji Arai welding. Applied optics 51.12 p.2098-2106 (2012).
e C(Caltech LIGO group [6] He, Mengfei, and Sidney R. Nagel, Ellipsometry of
layered systems. Optical Characteri-
e SURF program za¥tion ofyl'hin SolidpFiIms. Springer, Cham, p.233-267
e NSF (2018).
[7]1 Kurz, Volker Luiz Siegmar., Orientation, conformation
[11 Wright, J. J. Zissa, D. E. OPTICAL CONTACTING FOR and phase transitions of thin

GRAVITY PROBE STAR polymer films and self-assembled monolayers studied by
TRACKER. 14 (1984). SFG spectroscopy. Diss. (2010).

[2] Rayleigh, Lord, Optical Contact. Nature 139, 781-783 8] zawada, A., Determining the refractive index, absolute
(1937). thickness and local slope of a

[3] Ferme, J.-J., Optical contacting. in (eds. Geyl, R., thin transparent film using multi-wavelength and
Rimmer, D. Wang, L.) 26 (2004). multi-incident-angle interference. Optics

[4] Zawada, A., Final Report: In-Vacuum Heat Switch. 14. Express 28.16 p.24198-24213 (2020).

[5] Helie, David, et al., Reinforced direct bonding of [9] Kalkowski, Gerhard, et al., Glass-glass direct bonding.
optical materials by femtosecond laser ECS Transactions 64.5 p.3 (2014).



Thank you!

Any questions?




