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Introduction

* Waveguides restrict wave expansion to guide waves with small loss of energy

* Used as components in integrated optical circuits and for transmission in optical
communication systems
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Lithium niobate (LN)

* Compound of lithium, niobium, and oxygen (LiNbO;)
* Favorable material for electro-optic devices

Pros:

* High bandwidth

* Signal quality

* Acentrosymmetry

* Relatively good temperature stability

Cons:
e Difficult to scale down
* Expensive and bulky




Loncar group: nanofabrication techniques developed to create nanoscale LN
devices

Current fabrication process has very visible roughness
Lower efficiency and quality factor from optical scattering

Want to decrease roughness while still being able to etch sufficiently deep

Width = 8.290 pm EHT = 2.00 kV
Mag = 36.18 KX WD = 54mm  SampleD =

Signal A = SE2



Fabrication process
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B Lithium Niobate Silica B Hydrogen Silsesquioxane (HSQ) M Amorphous Silicon o Gold



Project procedure

Dry etching — remove material by hitting with ions
Deep Oxide Etcher (DOE)

* 3 parameters of interest:
* Chamber pressure
* Antennae power

* Bias power

Examined roughness and etch depth on SEM and profilometer

Brief look at temperature dependence

* Tested limits of the etch depth



Chamber pressure: 3 mTorr
Antennae power: 800 W
Bias power: |05W

Bias voltage: 224V

Etch depth: ~250 nm

2.0kV 11.0mm x18.0k SE(L) 07/11/2017

2.0kV 11.0mm x12.0k SE(L) 07/11/2017

2.0kV 10.9mm x18.0k SE(L) 07/11/2017



2.0kV 10.6mm x15.0k SE(L) 07/24/2017

2.0kV 10.6mm x18.0k SE(L) 07/24/2017 2.0kV 10.6mm x13.0k SE(L) 07/20/2017




* New aim:~225V bias voltage at 3 mTorr and 800 W
 Test first with a condition etch on a carrier wafer
 Better control over the smoothness of the etch

2.0kV 11.7mm x22.0k SE(L) 07/28/2017 2.0kV 10.9mm x22.0k SE(L) 07/28/2017




Limits of etch depth

* Imaged resist before and after a 7 minute etch to see how much resist was left
after etching

* Our thin film LN waveguides will need an etch depth of ~400 nm

2.0kV 11.3mm x12.0k SE(L) 08/03/2017



Conclusions

* We have successfully decreased the roughness of the etch significantly for our dry
etching method

* Final recipe has an etch rate of ~0.8 nm/s

* Etching recipe has good selectivity, so we will be able to etch the 400 nm we
need for our devices with resist to spare

* Will apply this etch to our thin film LN waveguides

* Would like to find better ways to keep the etch bias voltage (and thus etch rate)
more consistent and dependable
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