This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed

in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.
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Sandia National Laboratories

through scientific excellence, responsive pathfinders, and fielded products.

60+ Photonics Staff

Device Design, Modeling, Simulation
Semiconductor Device Fabrication
Microsystem Fabrication
Testing, Rad Effects, Cryo
Reliability
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Success

Tantalum nanoantenna for beam steering

* CMOS compatible ?:j;’
* 8 degree beam steering demonstrated ;e
* Active control with phase shifters )
* Telecom wavelength operation

* Patents issued 9

SWEEPER
Program

Patents and Tech Transfer

Over 100 issued patents issued,
22 patents issued in 2017
Silicon Photonics: 34 patents issued,
~10 pending

Compound Semiconductor Photonics:

Journal covers in FY2017 ~ 70 Issued active patents, many

pending
Licensing & Technology Transfer
VCSEL laser technology to a broad list

i

50th ANNIVERSARY | miMINNER_ of companies
Ultralow-power Microsystems T-QUAKE Beam : Steenng
Silicon Enabled Transceiver for Atomic Clock Integrated VCSELs to

Photovoltaics ~Quantum Keys and
Encryption

Microphotonic
Communication
Platform

Microsemi

Microsystem photovoltaics to mPower

Sandia National Laboratories is a multimission laboratory managed and
operated by National Technology and Engineering Solutions of Sandia LLC, a
wholly owned subsidiary of Honeywell International Inc. for the U.S.
Department of Energy’s National Nuclear Security Administration under

I VA K g% contract DE-NA0003525.
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National Security Photonics Center

Our isi0n: Serve the nation as a center of excellence for national security photonics
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David Peters / MMs and PhCs
dwpeter(@sandia.gov

Chris Long / Si Photonics
cmlong@sandia.gov

Erik Skogen/ Optoelectronics
ejskoge(@sandia.gov

Flexibility

Silicon Photonics Platform

Why Silicon Photonics?

* Leverage existing CMOS infrastructure

* Close integration with CMOS electronics

* Low power, high speed devices

* Low loss waveguides (<0.1 dB/cm possible)

Pad Opening

Cut

Vertical
Junction

* InP PICs provide efficient, high
speed generation, modulation and
detection at 1550 nm

e Sandia’s PIC toolkit includes:

* Jasers
* Modulators
* Optical Amplifiers
* Detectors
* Demonstrated circuits:
* Transmitters
Recetvers ‘ -

Optical logic gates Evanescent PD
Optical RF channelizers

Coupled-cavity lasers

High-gain SOA

Metal and dielectric metamaterials 1n 2D &
~and 3D. Photonic crystals from the '
visible to LWIR made from traditional ['®
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esoteric  matertals.  Integration b
S directly with LWIR detectors leading to
Bl i increased QF and reduced dark current.
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Heterointegration of materials

III-V materials Thin Film LiNbO3

* Wafer bonding of III-V ¢ Second harmonic =T ;
directly to silicon generation :
photonics * Parametric down 3

* Integrated lasers and conversion «1 t [
amplifiers at 1550 nm * Low voltage, high L5 -

frequency modulators
* Large spur-free dynamic
IR Image of Wafer
Bonded III-V range
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