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Topological Protection: Approaches that exploit topological properties of the phase space of a

system can offer stability and robustness to the system of interest from external disturbances.
Enables scatter-free, loss-less unidirectional transport.
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Approach

Honeycomb lattice Photonic Crystal (PhC)
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Unidirectional Edge State Propagation @®

Zig-zag interface
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Experimental Structures () e,
Lasing in Topological PhC structure with InGaAsP MWQ/ InP
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Opportunities in INnGaN MQW/GaN system
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Summary and Future () s,

" Topologically protected structures in photonics

= |Interface photonics states at the topological /trivial

interface

= Unidirectional propagation of helical states

= Novel photonic cavity design for lasers

= Implementation for lasing in lll-nitride rods



Sandia
m National
Laboratories

Thank you for your attention!



Sandia
|I'| National
Laboratories

Extras ...



Topological Photonics Research Activities ()
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Topological Photonics Spin Hall in Dielectric PC gz
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Modified honeycomb lattice of hexagonal cylindrical dielectric rods
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Circular Hole Array Honeycomb Lattice Photonic Crystal (i) &,

Hole radius ‘r’ dependence Membrane thickness
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Reasonable operational bandwidth possible at the telecom frequencies




How to launch a helical source? @)

Quantum Dot based Helical Sources

Barik, S., et al. (2018). "A topological quantum optics interface." Science 359(6376): 666.

e Create a quantum dot inside the structure

* Apply high B field to split energy level as well as helicity
e Unidirectional propagation of single photon source

* Bandwidth difficult to demonstrate

What about a passive structure to manipulate light incident from elsewhere?
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Fabrication on Silicon on Insulator (SOI) - Membrane ([,
Pattern transfer to Si

« ~350 nm SiO2 is used as hardmask for pattern transfer
Highly selective HBr based RIE for Si etch
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Optical Measurement

IR laser

~ 1536nm

IR laser

« Light propagation shows clear distinction based on orientation of the
Topological PhC relative to the Trivial PhC
* In progress ... 14
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