-

View metadata, citation and similar papers at core.ac.uk brought to you byf: CORE

provided by University of Strathclyde Institutional Repository

a3y,
D)
Universityof ~“~2>"

Strathclyde

Glasgow

Strathprints Institutional Repository

Hill, Paul and Liu, Hangyu and Leyman, Ross and Strain, Michael J. and
Gu, Erdan and Dawson, Martin D. (2016) Microfabrication of thin film
diamond optical devices. In: Strathclyde Symposium on Quantum
Information, Simulation and Metrology, 2016-06-22 - 2016-07-22,
University of Strathclyde. (Unpublished) ,

This version is available at http://strathprints.strath.ac.uk/57508/

Strathprints is designed to allow users to access the research output of the University of
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights
for the papers on this site are retained by the individual authors and/or other copyright owners.
Please check the manuscript for details of any other licences that may have been applied. You
may not engage in further distribution of the material for any profitmaking activities or any
commercial gain. You may freely distribute both the url (http:/strathprints.strath.ac.uk/) and the
content of this paper for research or private study, educational, or not-for-profit purposes without
prior permission or charge.

Any correspondence concerning this service should be sent to Strathprints administrator:
strathprints@strath.ac.uk



https://core.ac.uk/display/77033711?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://strathprints.strath.ac.uk/
mailto:strathprints@strath.ac.uk

Microfabrication of thin film diamond optical devices

Paul Hill, Hangyu Liu, Ross Leyman, Michael J. Strain, Erdan Gu, Martin D. Dawson

University of %
Strathclyde

Glasgow

EPSRC

Pioneering research
and skills

Networked
N | T Quantum

Information

Technologies

—

B

INSTITUTE OF
PHOTONICS

Motivation

Diamond has many exciting applications within classical and
guantum optics such as:

* Solid state lasers and thermal management

* Parametric non-linear optical processes

* Quantum information processing + memories
* Ultrasensitive magnetometry.

Guided wave devices allow enhancement of the light-matter
interaction in small mode volume devices. Critical requirements
are:
Bulk material processing for thin film production
Implantation for defect centre creation
Topological processing of diamond membranes for
guided wave device structures

Low surface damage processing
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Material

 4x4x0.5mm CVD grown electronic-grade single crystal
diamond (SCD) samples, provided by Element 6
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Bulk thinning to 20um by Delaware Diamond Knives (DDK)
for dicing into 2x2mm samples
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Profilometer measurements of 8 diced and polished diamond samples
showing 4 at approximately 35 um and 4 at approximately 15 um
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Mechanical polishing only accurate in the order of microns
with surface roughness in the few nm range

For optical devices we require film thickness ~100’s nm —
microns with ~1nm rms roughness

Processing Diamond Membranes

Inductively couple plasma (ICP) etching uses an RF coil
to generate a plasma above a sample on a biased platen.
By changing gas flow recipes to the chamber (e.g. Ar/Cl,,
Ar/0,), and the bias on the coil or platen, etch speed or
selectivity can be controlled.
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ICP etching
Good control over anisotropy
Non-graphitising
Surface roughness improved
High etch rate
Using an Ar/Cl, etch recipe, diamond membranes have been
thinned down to below 100 nm on a DBR mirror stack for micro
cavity enhancement of NV- emission.
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Process flow for fabricating surface relief diamond optical devices.?

Why print?

 Spin coating samples with photoresist results in a build up
around the edge of smaller samples.

e The 2x2 mm diamond samples spin coated would result in much
of the sample being coated with uneven edge effect that is
difficult to pattern.

* Printing allows edge to edge resist coating
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Performance of fabricated diamond optics

 Using photoresist reflow, spherical diamond micolenses were
fabricated with focal lengths of 21 +/- 1 um.

* NV centre luminescence has been measured from an implanted
sample etched to < 100 nm thick.
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Outlook
* Hybrid coupling of diamond optics

Integrated Circuit Technology
Coupling of multiple centres on-chip
Deterministic coupling of defect centres to on-chip resonators

to mature Photonic
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