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The next generation Lock-In Amplifiers

Only from SRS |

DC to 4 MHz (SR865A)
DC to 500kHz (SR860)
2.5nV/+Hz input noise
Fast time constants

SR865A 4MHz lock-in ... $7950 ws. iist
SR860 500kHz lock-in ... $6495 us. lisy

SRS stanford Research Systems

The SR86x series brings new performance to lock-in
measurements—a frequency range of 4 MHz (SR865A)
or 500kHz (SR860), state-of-the-art current and voltage
input preamplifiers, a differential sinewave output

with DC offset, and fast time constants (1 ps) with
advanced filtering.

And there’s a colorful touchscreen display and a long list
of new features ...

Deep memory data recordings

FFT analysis

Built-in frequency, amplitude & offset sweeps
10MHz timebase 1/0

Embedded web server & i0S app

USB flash data storage port

HDMI video output

GPIB, RS-232, Ethernet and USB communication
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It's everything you could want in a lock-in—and then some!

www.thinksrs.com/products/lockin.htm

Tel: (408)744-9040
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activity via fluores-
cent probes. Image
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College London.
Cover design by
Senior Art Director
Lisa N. Comstock.

PHOTONICS SPECTRA ISSN-0731-1230, (USPS 448870) IS PUBLISHED MONTHLY BY Laurin Publishing Co. Inc., 100 West Street,
PO Box 4949, Pittsfield, MA 01202, +1 413-499-0514; fax: +1 413-442-3180; e-mail: photonics@photonics. com. TITLE reg. in US
Library of Congress. Copyright ® 2016 by Laurin Publishing Co. Inc. All rights reserved. Copies of Photonics Spectra on microfilm

are available from University Microfilm, 300 North Zeeb Road, Ann Arbor, MI 48103. Photonics Spectra articles are indexed in the
Engineering Index. POSTMASTER: Send form 3579 to Photonics Spectra, 100 West Street, PO Box 4949, Pittsfield, MA 01202.
Periodicals postage paid at Pittsfield, MA, and at additional mailing offices. CIRCULATION POLICY: Photonics Spectra is distributed
without charge to qualified scientists, engineers, technicians, and management personnel. Eligibility requests must be returned with
your business card or organization’s letterhead. Rates for others as follows: $122 per year, prepaid. Overseas postage: $28 surface
mail, $108 airmail per year. Inquire for multiyear subscription rates. Publisher reserves the right to refuse nonqualified subscriptions.
ARTICLES FOR PUBLICATION: Scientists, engineers, educators, technical executives and technical writers are invited to contribute
articles on optical, laser, fiber optic, electro-optical, imaging, optoelectronics and related fields. Communications regarding the edito-
rial content of Photonics Spectra should be addressed to the managing editor. Contributed statements and opinions expressed in
Photonics Spectra are those of the contributors - the publisher assumes no responsibility for them.

4 Photonics Spectra November 2016 www.photonics.com



http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fwww.photonics.com
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fwww.photonics.com
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=4&exitLink=mailto%3Aphotonics%40photonics.com

PHOTONICS: The technology of generating and harnessing light and other forms of radiant energy whose quantum unit is the photon.

The range of applications of photonics extends from energy generation to detection to communications and information processing.

Now a FREE mobile app

il

www.photonics.com/apps

Features

A HIGH-RESOLUTION VIEW

OF THE UNIVERSE
by Antonin Bouchez, Giant Magellan Telescope
Organization (GMTO)
Adaptive optics on the Giant Magellan Tele-
scope sense optical aberrations caused by
atmospheric turbulence and correct them in
real time using a deformable mirror.

IN VITRO DIAGNOSTICS,

IMMUNOLOGY SPURRING ADVANCES
IN FLOW CYTOMETRY
by Giacomo Vacca, Kinetic River Corp.
Clever innovation and disciplined engineering
are helping to create better, smaller and less
expensive flow cytometers.

FEMTOSECOND LASERS POWER

NEW APPROACHES IN OPTOGENETICS
by Darryl McCoy and Marco Arrigoni,
Coherent Inc.
Longer wavelength, ultrastable femtosecond
lasers are enabling advances in this dynamic
neuroscience technique.

QUANTUM CASCADE LASER
'L BREAKTHROUGH FOR ADVANCED
REMOTE DETECTION
by Manijeh Razeghi, Wenjia Zhou,
Donghai Wu, Ryan McClintock and
Steven Slivken, Northwestern University
Widely tunable, monolithically integrated
mid-infrared semiconductor laser operates
at room temperature.

OPTICAL MATERIALS

OF TOMORROW

by Marie Freebody, Contributing Editor
Today’s optical pioneers are precise, creative
and determined to bring to market the next
generation of effective and efficient materials.
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Lock-In
Amplifiers

...and more, from DC to 600 MHz

Typical applications

Optical chopper

THz spectroscopy
Pulsed lasers

Laser frequency locking
CEO stabilization
Optical phase locking
Non-linear imaging,
e.g.CARS, SRS

>

[l Instruments include Upgrade options
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Analyzer

=

Boxcar
PWA
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Parametric
Sweeper

Oscilloscope
with FFT

MATLAB®, LabVIEW®, C,
and Python interface

PID, PLL
Controller

EdlS
EBI

Let’s discuss your application
www.zhinst.com
info@zhinst.com
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USA +1 617 7657263
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of laser power
Accuracy better
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spot size and position

From 1kW, no upper limit
Non-contact: laser beam

Glassmaking can be traced back to Mesopotamia .
in 3500 BCE. is completely pass-through

Call for an on-site demo on your laser
www.ophiropt.com/photonics  1-866-755-5499
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. Optimal conditions,
great viewing

Nestled in the Andes mountain range in the Atacama Desert in Chile sits the

Las Campanas Observatory. At an elevation of almost 8,000 feet, the remote location is
prized for its dark skies, excellent weather and superior visibility. Soon it will be home

to the Giant Magellan Telescope (GMT) now under construction.

The GMT promises researchers an unprecedented view into the cosmos — peering back
to a time not long after the Big Bang when the first stars, galaxies and black holes were
formed. In addition to some of the most advanced optics ever produced, the telescope
features a revolutionary adaptive optics system with six sodium laser beacons that, when
used in conjunction with natural stars, will produce diffraction-limited images in the
near- and mid-IR of never-before-seen resolution. For details, read Antonin Bouchez’s
“A High-Resolution View of the Universe” on page 32.

From the mysteries of the universe, we turn to secrets of the brain. While filtered lamps
and LEDs have their place in the burgeoning field of optogenetics, lasers — specifically
femtosecond lasers — offer the rare combination of spatial selectivity, high brightness
and the capability of exciting multiphoton processes. Don’t miss, “Femtosecond Lasers
Power New Approaches in Optogenetics,” by Coherent’s Darryl McCoy and Marco
Arrigoni, page 42.

From new frontiers in medicine and astronomy, we also examine the innovative optical
materials set to displace existing technologies in the years ahead. Learn more about the
latest advances in nanotubes, metamaterials and super-black coating in Marie Freebody’s
“Optical Materials of Tomorrow,” page 50.

Also in this issue:

» Manijeh Razeghi and colleagues from the Center for Quantum Devices at Northwestern
University share specifics of a widely tunable, monolithically integrated mid-IR
semiconductor laser operating at room temperature in “Quantum Cascade Laser
Breakthrough for Advanced Remote Detection,” page 47.

* Clever innovation and disciplined engineering are helping create better, smaller
and less expensive flow cytometers. See Giacomo Vacca’s “In Vitro Diagnostics,
Immunology Spurring Advances in Flow Cytometry,” page 36.

* In “From Masers to Lasers in Space — and at the Cinema!,” Senior Editor Justine
Murphy surveys the laser’s use in consumer electronics, telecommunications,
industry and science, page 57

We hope you enjoy the issue!

Phidad b pfudn

michael.wheeler@photonics.com
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Spanning the Spectrum
om Deep UV to Mid-IR

photonics needs, worldwide, with dedicated sales, engineering, and manufacturing
igh-performance detectors, LEDs, and emitters to meet all your applications’ requirements.
Whether you build products for aerospace, environmental, fire, flame or gas detection, medical, military,
industrial, scientific, or semiconductor markets, we design, fabricate, and manufacture wafers for photonic
components and assemble optoelectronic modules in our state-of-the-art production facility. We deliver
high-performance products with unsurpassed quality, manufactured in Class 1,000 to 10,000 wafer clean
rooms and assembly areas, from start to finish.
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« Silicon Photodetectors

 LEDs, Specialty Lighting
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* Optoelectronic Assemblies & Integrated Photonic Modules

For environmental analysis, fire, flame, and gas detection, our products
have leading sensitivity and responsivity. From missiles and enemy threat
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factory automation robotics, and motion control, we have best-in-class
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electron, X-ray, UV, and radiation detection. The possibilities are endless.
Put the power in your hands, contact Opto Diode today.
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High-Specification
CW Fiber Laser
for Research

Fiber Laser KKFL-20

® Wavelength 1064nm
® Polarization Ratio >250:1
® Rated Power >20W

APPLICATIONS
=>» Laser for SHG/THG

=>» 3-D Printing

= Micro Processing

= Measurement

= Graphic Imaging

=> Printing (CtP)

=> Soldering

= Marking

= Sensing

—>Your Application Here
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www.kimmon.com
Phone: 81 3 5248 4820

Fax: 81 3 5248 0021

PHOTONICS

CONTRIBUTORS

Marco Arrigoni

Marco Arrigoni is a director
of strategic marketing at
Coherent Inc. and covers
the scientific research mar-
kets. Page 42.

Antonin Bouchez

Antonin Bouchez is GMTO’s
Wavefront Sensing and
Control Group Lead, and is
responsible for designing and
implementing the adaptive
optics systems for the Giant
Magellan Telescope. Page 32.

Marie Freebody

Regular contributing editor
Marie Freebody is a freelance
science and technology jour-
nalist with a master’s degree
in physics with a concentra-
tion in nuclear astrophysics
from the University of Surrey,
England. Page 50.

Ryan McClintock

Ryan McClintock is a research
associate professor at the
Center for Quantum Devices
(CQD) at Northwestern
University. Page 41.

Darryl McCoy

Darryl McCoy is a director of
product marketing at Coherent
Inc., managing the ultrafast
tunable and fiber laser prod-
ucts for nonlinear microscopy
and instrumentation markets.
Page 42.

Justine Murphy

Justine Murphy is Photonics
Media senior editor. She is an
award-winning journalist with
more than 15 years of experi-
ence in the field. Page 57.

Specira

Manijeh Razeghi

Manijeh Razeghi is the Walter
P. Murphy Professor and
director of the Center for
Quantum Devices (CQD) at
Northwestern University.
Page 47.

Steven Slivken

Steven Slivken is a research
associate professor at the
Center for Quantum Devices
(CQD) at Northwestern
University. Page 47

Giacomo Vacca

Giacomo Vacca is an entre-
preneur, optical physicist and
inventor. He has two Harvard
degrees and a Ph.D. in ap-
plied physics from Stanford
University. Vacca is president
of Kinetic River. Page 38.

Donghai Wu

Donghai Wu is a postdoctoral
researcher at the Center for
Quantum Devices (CQD) at
Northwestern University.
Page 47.

Wenjia Zhou

Wenjia Zhou is a doctoral
student at the Center for
Quantum Devices (CQD) at
Northwestern University.
Page 47.

In the December issue of

Photonics Spectra...

* Optical Coatings

* Terahertz Imaging

* Test & Measurement

° OLEDs

 Lasers in Medicine

You'll also find all the news that affects
your industry, from tech trends and market
reports to the latest products and media.

www.photonics.com



http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=12&exitLink=http%3A%2F%2Fwww.kimmon.com
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=12&exitLink=http%3A%2F%2Fwww.photonics.com
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=12&exitLink=http%3A%2F%2Fwww.kimmon.com

CONNECTING MINDS.
(] ADVANCING LIGHT.

PHOTONICS
WEST

THE PREMIER EVENT FOR THE PHOTONICS AND LASER INDUSTRIES
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Laser Additive Manufacturing
Thursday, January 12, 2017, 1 p.m. EST

Wayne Penn, applied physics consultant for Alabama Specialty Products Inc., will
provide an in-depth introduction to laser additive manufacturing (LAM) in this webinar
for engineers, managers and system integrators.

Penn will cover the open source world of 3D printing, describing ways that it is being
used and what some manufacturers have been able to achieve through its use. He will
discuss the challenges of additive manufacturing (AM), including quality control, and
the role of laser welding and cladding technology in AM. He will present examples of
industrial applications showing the use of additive manufacturing and conclude with
a look at future initiatives in the area of LAM. More information about this webinar will
be available soon at www.photonics.com/webinars.

For additional on-demand webinars covering the
Available on Demand  application of photonics and optics in a range of industries,
visit www.photonics.com/webinars.

Vision Guided Robotics

David Bruce discusses the two subsets of VGR, 2D and 3D, and reviews the proper
techniques for selecting and implementing vision guidance systems. He covers the
steps required to set up and execute 2D and 3D VGR, the advantages of using virtual
VGR, and the trade-offs to consider when selecting a VGR system.

Bruce is an engineering manager at FANUC America Corp. (FAC). He has an M.S.
from Oakland University and a B.A.Sc. from the University of Windsor.

Visit www.photonics.com/W97.

Laser Measurement Best Practices:
How to Avoid Choosing the Wrong Power/Energy Sensor

Presented by Ophir-Spiricon

Ophir-Spiricon sales engineer Dick Rieley discusses laser measurement best prac-
tices and guides you through the factors to consider when selecting a sensor. The
focus of the webinar is on key factors in the sensor selection process, including beam
diameter, beam density values, cooling requirements and exposure duration.

Choosing the wrong laser sensor can result in a damaged sensor requiring prema-
ture replacement, which in turn can lead to additional costs, unexpected downtime
and invalid measurements. This informative presentation on sensor selection will help
ensure that you make the right choice for your laser.

Visit www.photonics.com/W98.
Breaking Through
This podcast series, hosted by Photonics Media Senior Editor
Justine Murphy, focuses on women working in photonics — in

#‘ L‘aa
raug = academia, research and industry — about challenges they face,
= i A o
T and how to rise above those challenges to help future generations
i succeed.
To listen to this free podcast, visit www.photonics.com/V280.

www.photonics.com
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Navitar wins legal battle against Chinese counterfeiters

Optics manufacturer Navitar Inc. has won
a legal battle against Chinese metrology
machine makers over income tax evasion,
smuggling crimes of evading import du-
ties and value-added tax, along with false
advertising, to combat the counterfeiting
of their video microscope.

“Instead of hitting them head on with
counterfeiting claims, we used a tactic I
call the ‘Five Fires Method,”” said Julian
Goldstein, CEO of Navitar, “We uncov-
ered every illegal activity these compa-
nies were engaging in, setting small fires
from every direction. We alerted and
provided evidence to the Chinese govern-
ment resulting in numerous fines and pen-
alties for income tax evasion, import duty
and value-added tax smuggling, and false
advertising. As a result of our victories, I
am pleased to say that the doors are open
once again for our legitimate Chinese
dealers and OEM customers to compete
and prosper in this marketplace.”

Navitar won its case with the help of
Rep. Louise Slaughter, the International
Trade Administration and the U.S. Em-
bassy in China.

“Navitar was targeted because of our
global success in the automated inspec-
tion industry,” said Goldstein. “Our video

Molex fiber used on NASA climate monitoring satellite

Molex LLC has announced that its Poly-
micro Technologies optical fiber is being
used to build NASA’s Ice, Cloud and
Land Elevation Satellite-2 (ICESat-2) for
climate monitoring.

The satellite, slated to be launched in
2017 from Vandenberg Air Force Base
in California, will measure changes in
Earth features such as melting ice sheets,
thinning sea ice and growing trees. The
Molex optical fiber will be used onboard
ICESat-2 and in ground support equip-
ment assemblies that enable integration
and testing. The custom fibers are com-
posed of high OH glass/glass fiber, in-
cluding a glass core, glass cladding layer,
acrylate buffer and a protective nylon
outer jacket.

Rep. Louise Slaughter with Navitar CEO Julian Goldstein.

microscope lenses are sold to multinational
technology companies like Apple Inc.
and used to ensure the quality of their
components, sub-assemblies and finished
products, which are made at Foxconn
manufacturing factories in China.”
Navitar exports optical components
from its Rochester, N.Y., manufacturing
facility to over 45 countries. Exports to
China have doubled this year. In addi-

“We are extremely proud to be a part
of this vital NASA project and look for-
ward to continued collaboration on future
projects,” said Gary MacDonald, techni-
cal sales supervisor of Molex. “Molex
has an ongoing relationship with NASA
Goddard, and our optical fiber is cur-
rently in use on the Mars Rover Curiosity
as well. We consider it an honor and a
privilege to have been chosen to supply
our custom fiber on such a remarkable
venture.”

The Mars Rover Curiosity includes
an armor jacketed fiber optic assembly
built with Molex Polymicro Technolo-
gies FVA300330500 fiber. The assembly
connects to the body-mast unit on the
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tion to their New York headquarters, the
company has manufacturing facilities
in California, Massachusetts and New
Jersey.

“We have a long history of doing busi-
ness in China,” Goldstein said. “I knew
it would be too difficult to win a coun-
terfeiting lawsuit against these Chinese
companies, so we needed another way to
expose their unlawful actions.”

vehicle’s ChemCam active remote sensing
instrument.

ICESat-2’s photon-counting laser
altimeter will measure the round-trip
time of individual laser photons reflecting
off the ground and returning to the
satellite’s receiver telescopes at a rate
of 10,000 laser pulses/s. By matching
those times with the satellite’s precise
location in space, the mission will deter-
mine the elevation of features on Earth
and provide a continuous record of feature
changes occurring in the 21st century.
The 3,483-1b ICESat-2 will have a design
life of three years and enough fuel to
operate for seven years.

¢ Mitutoyo acquires majority stake in Tag Optics ¢ Framos selected as Ximea distributor
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Specialised Imaging awarded Queen’s Award

Imaging system developer Specialised
Imaging Ltd. has been awarded the 2016
Queen’s Awards for Enterprise: Innova-
tion for its Kirana camera and its growth
in export sales.

The camera uses a custom image
sensor developed with assistance from
the Science and Technologies Facilities
Council at Rutherford Appleton Labora-
tories, and is used in scientific, industrial
and defense applications.

This is Specialised Imaging’s sec-
ond Queen’s Award in five years. The

company is a supplier of ultrahigh-speed
imaging systems for research establish-
ments and universities covering diverse
fields such as space research, mechanical
and electrical engineering, medicine and
defense.

The Queen’s Awards for Enterprise is
an awards program for British businesses
and other organizations that excel at inter-
national trade, innovation or sustainable
development. They are the highest official
U.K. awards for British businesses.

Pyreos secures £1.8M in funding

Sensor developer Pyreos Ltd. has secured
£1.8 million ($2.4 million) of funding
from new and existing shareholders as it
continues to expand its business.

The company, which was spun out from

Eagleyard lasers
used on ESA Gaia
star surveyor

Two laser diodes from Eagleyard Pho-
tonics GmbH are being used on board
the European Space Agency’s Gaia
star surveyor.

The single frequency DFB-852 laser
diodes in a 14-pin butterfly housing
are responsible for keeping the two
telescopes in the right position, help-
ing achieve Gaia’s mission to create
the most accurate 3D map of the Milky
Way. They were shipped in 2010, with
Gaia beginning its work in July of
2014.

On its way to meeting its goal, Gaia
has pinned down the precise position
and brightness of more than 1 billion
stars. It also features the distances and
motions across the sky for more than
2 million stars.

Eagleyard is a developer of high-
power laser diodes based on gallium
arsenide.

German industrial firm Siemens in 2007,
will use the cash to accelerate develop-
ment and marketing of its products and
sensor components, including the ezPyro
sensor, launched in May. With a built-in
digital interface, ezPyro has a broad range
of applications including the detection of
flames in the oil and gas and petrochemi-
cal industries, the analysis of gases by
industrial laboratories or universities and
in smart watches, fitness trackers and
other wearable technology.

Existing investors taking part in the
latest funding round include Robert
Bosch Venture Capital GmbH, the Scot-
tish Investment Bank, Seraphim Capital
and Siemens Technology Accelerator.
They were joined by new investor London
Business Angels, a private investment
group.

“We are delighted to have secured this
level of investment at such an exciting
time for the business,” said Andy Laing,
chief financial officer of Pyreos. “The
continued support of major shareholders

Luxtera ships
one-millionth
transceiver product

Semiconductor provider Luxtera Inc.
has announced the shipment of its
one-millionth silicon photonic parallel
single-mode fiber four-lane transceiver
product.

The patented technology blends
the long reach capabilities of single-
mode fibers with low-cost transceiv-
ers. This combination is critical for
the cost-effective scaling of cloud
computing data centers, according to
the company.

Luxtera was a founding member
and drafter of the 100G-PSM4 Multi
Supplier Agreement (MSA) in 2014,
the first standard to enable silicon
photonics interoperability with legacy
DML Optical modules for PSM4 fiber
without compromising the cost ben-
efits of silicon photonics. This widely
accepted MSA has the support of
dozens of companies with PSM4 prod-
uct offerings and is being deployed at
scale by the major cloud computing
operators.

and the introduction of a knowledge-

able new investor both validate the huge
opportunities available to Pyreos. Their
confidence in this business, and their cash
from this funding round, will help us to
accelerate the development and commer-
cialization of a number of strategically
important innovations.”

The investment comes on top of a £2.5
million ($3.3 million) funding package
that Pyreos secured from investors in
March of 2015.

Carbon nanotube market poised for growth

According to a report by Lux Research,
the carbon nanotube market will grow

to 560 million in 2025, driven by faster
development of commercial applications,
while the market for graphene will lag at
$305 million, due to slower adoption in
energy storage.

The success of carbon nanotubes
(CNTs) comes mainly from the use of
multiwalled nanotubes as a superior
replacement for carbon black, rather than
as a super-strong material or for ultrafast
electronics.

“The CNT market can now support a
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few pure-play materials suppliers, but
the overall state of the market remains
oversupplied,” said Anthony Schiavo, an
analyst from Lux. “Developers finding
ways to ease adoption with more conve-
nient form factors and intermediates has
been key. The less a product resembles

a nanomaterial, the more likely it is to
succeed.”

Composites, Lux says, are key for
graphene as new applications are tested.
Composite applications will be the largest
user of graphene through 2025, as the
market grows to 7,500 metric tons amid
a slowdown in energy storage. Emerg-

Phoenix Software joins AIM

With the support of the SUNY Polytech-
nic Institute, photonic design automa-
tion (PDA) software developer Phoenix
Software BV is now a member of the
American Institute for Manufacturing
Integrated Photonics (AIM), an industry-
driven public-private partnership that
fosters the nation’s photonics manufactur-
ing capabilities.

“AIM Photonics is building a member-
ship that includes some of the country’s
most innovative technology companies
that each provide critical elements to
the success of the institute,” said Robert
Duffy, chairman of the AIM Photonics
Leadership Council.

Phoenix Software is a developer of a
photonics design automation platform
that uses a hierarchical building block-
based paradigm to enable photonic
designers to capture and verify photonic
integrated circuits (PICs) at a higher level
of abstraction that is agnostic to any given
physical fabrication process.

“We are extremely happy to be work-
ing with AIM and SUNY Polytechnic
Institute in the United States,” said Twan
Korthorst, CEO of Phoenix Software.
“We have many customers in the United
States who have been wanting a U.S.-
based fabrication site for their PICs and
we were pleased to be able to inform them
that photonic design kits and high-level
photonic libraries will soon be available
from AIM for the Phoenix Software
platform.”

AIM Photonics supports small- and
medium-sized enterprises, providing
practical access and technology on-ramps

ing areas of growth include sensors and
water, where companies such as G20
Water have used graphene derivatives.

New form factors such as sheet, tape
and yarn are leading to easier product
integration, raising chances of success.
CNT yarns and sheets producer Nano-
comp Technologies was the sole company
to be ranked as “dominant” on the Lux In-
novation Grid. N12 Technologies, which
develops vertically aligned CNT sheets,
was rated “high potential.”

Lux provides research and strategic
advice for emerging technologies.

for U.S. industry, government and aca-
demic communities.

“Phoenix Software brings over 20 years
of commercial photonic design automa-
tion experience with extensive work in
the creation and use of PDKs [processs
design kits],” said Michael Liehr, CEO
of AIM and executive vice president of
innovation and technology for the SUNY
Polytechnic Institute. “We are excited
to leverage their help in building the
PDKSs necessary to enable photonic
designers to bring designs into our facili-
ties. Phoenix and other PDA companies
are key to scaling photonic design into
commercial applications, and we look
forward to working with Phoenix Soft-
ware to help us work on next-generation
electronic-photonic design automation
platforms.”

$724B

— value that the photonics market
is estimated to reach by 2021,
according to a report by

MarketsandMarkets

www.photonics.com
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Leica expands in southeastern US

Microscope developer Leica Microsys-
tems Inc. has announced an expansion in
the southeastern United States.

Associated Microscope Co. Inc. of
Elon, N.C., will represent Leica’s educa-
tional microscopy solutions exclusively in
the states of Florida, Georgia, Alabama,
Mississippi, Tennessee, North Carolina
and South Carolina, and nonexclusively
in the state of Virginia.

PEOPLE IN THE NEWS

Semiconductor equipment developer Suss
Microtec AG has appointed Franz Richter
as its president and CEO. Richter previously
spent 14 years with the company, spending
six as its CEO until 2004.

The European Photonics
Industry Consortium (EPIC)
has hired Carmen Ferrari
as its events and market-
ing manager. Ferrari will
manage events and online/
offline interaction among experts and leaders
of the international photonics community.
“The timing for Carmen to join the EPIC

team is perfect as it allows us to extend our
offering of member services from technol-
ogy workshops to now also include a series
of international business delegations,” said
Carlos Lee, director general of EPIC.

The University of Arizona
College of Optical Sciences
(OSC) has announced that
Robert R. Boye, manager of
the physics-based microsys-

tems department at Sandia
National Laboratories, has been selected as
the college’s 2016 Alumnus of the Year. The
award recognizes Boye’s numerous contribu-
tions to the field of optics, both in research
and in management. As part of the Sandia’s
Microsystems Engineering Sciences and Ap-
plications (MESA) facility in Albuquerque, N.M.,
Boye and his group have worked to advance
the state-of-the-art in quantum sensing.

Professor John Bowers at the University of
California, Santa Barbara, (UCSB) has been

Associated Microscope currently pro-
vides Leica microscopes, accessories and
service for education markets.

“We are very excited to expand our
relationship with Associated Microscope
into an exclusive partnership,” said Lon
Nelson, director of microscopy sales at
Leica. “Associated’s Service and Sales
organization has worked tirelessly over
their past 39 years in the classroom edu-

selected to receive the 2017 Institute of
Electrical and Electronics Engineers (IEEE)
Photonics Award. Bowers is the first faculty
member from UCSB to receive the honor,
which recognizes his pioneering research
in silicon photonics, including hybrid silicon
lasers, photonic integrated circuits and
ultralow-loss waveguides.

The Eta Kappa Nu honor
society of the Institute of
Electrical and Electronics
Engineers (IEEE) has
awarded researcher Salva-

Sandia National Laboratories

tore Campione at Sandia ‘ .
National Laboratories its 2016 Outstand-

ing Young Professional Award. A researcher

of nanophotonics and metamaterials, with
special expertise in periodic structures, leaky-
wave antennas and electromagnetic theory,
Campione was recognized by the society

“for his contributions to the electromagnetic
modeling of complex systems and structures
from microwave to optical frequencies.” The
QOutstanding Young Professional Award is
presented to exceptional young engineering
professionals for meritorious service in the in-
terests of humankind, as well as for outstand-
ing achievements in their career. Campione,
who received his doctorate degree in electrical
and computer engineering from the University
of California, Irvine, in December 2013, is
listed as author or co-author in more than 50
peer-reviewed journal articles, two book chap-
ters and 80 conference contributions, along
with three provisional patents.

The International Society for Optics and Pho-
tonics (SPIE) has awarded Jennifer Barton the

cational market, establishing a long list of
satisfied and loyal customers. Associated
will expand our presence in the southeast
U.S. market and allow us to provide an
even higher level of service and support
to our educational customers.”

Leica Microsystems develops and
manufactures microscopes and scientific
instruments for the analysis of micro- and
nanostructures.

SPIE President’s Award, and Majid Rabbani
the SPIE Directors’ Award. Barton is interim
director of the BIO5 Institute at the University
of Arizona, which works to solve complex
biology-based problems affecting humanity.
Barton is known for her innovative use of
optical techniques in the detection and treat-
ment of cancer and other diseases including
the development of miniature endoscopes
that combine two imaging techniques, optical
coherence tomography and fluorescence
spectroscopy. Barton is leading a two-year,
$1 million project funded by the National Can-
cer Institute to identify imaging biomarkers of
ovarian cancer, the deadliest gynecological
cancer in the United States, to enable the first
effective screening system for the cancer.
Rabbani’s research interests span various
aspects of digital image and video processing
and analysis. Rabbani is symposium chair for
SPIE Commercial and Scientific Sensing and
Imaging 2017 at SPIE Defense and Commer-
cial Sensing, has served on symposium and
conference committees for other events, is
the chair of the SPIE Fellows Committee and
was a longtime course instructor for SPIE.

Interconnect data solutions [ Es =
provider Mellanox Tech- m?

nologies Ltd. has appointed j’ = =

=
. Py B o
Alinka Flaminia as its S S
senior vice president and 3
) e g B

general counsel, assuming il 3

responsibility for the company’s global legal
affairs, public policy interests and compli-
ance operations. Gideon Rosenberg, vice
president of legal affairs, will take on the
additional role of deputy general counsel.
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Laser Guide Star Alliance wins Leibinger Innovation Prize

The Laser Guide Star Alliance, the devel-
opment team led by Domenico Bonaccini
Calia, Wilhelm Kaenders and Wallace
Clements at the European Southern
Observatory in Garching, Germany, along
with Toptica Photonics AG in Gréfelfing,
Germany, and MPB Communications
Inc. in Montreal, received third prize in
the 2016 Berthold Leibinger Innovation
Prize.

The team developed and patented an
essential foundation of a new beam source
technology for the Very Large Telescope
based in the Chilean Atacama Desert.
Using Raman amplification, they gener-

ated the required wavelength with diode
and fiber lasers, providing performance
significantly higher than 20 W. The tech-
nology took eight years to develop.

In April, four of the radiation sources
were mounted and used on the telescope.
Uses for the technology also include the
tracking of satellites, atomic spectroscopy
and photonic imaging.

The Berthold Leibinger Innovation
Prize honors scientists and developers
who make advancements in the field of
laser technology. Since 2000, the Berthold
Leibinger Stiftung has given the award
every two years for excellent research and

ESO

The Berthold Leibinger innovation award ceremony
was held Sept. 9.

development work on the application or
generation of laser light.

RPO awarded small business grant for chalcogenide glass IR development

Rochester Precision Optics (RPO) LLC
has been awarded a grant from the Small
Business Technology Transfer (STTR)
government program to pursue chalco-
genide glass IR optic development for
quantum cascade lasers.

RPO, after successful completion of
Phase 1 STTR, seeks to develop a fast
axis collimating lens for quantum cascade
lasers (QCL), which are tunable to emit
in the full IR range. Because primary
applications are wide, the lenses must

withstand the stress of both continuous
wave and pulsed laser emission. Lenses
for this application are not known to
currently exist, making RPO first in the
industry to achieve a working prototype.
“Our work in developing chalcogenide
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IR lenses for QCL is just one example of
RPO’s commitment to innovation,” said
Dane Hileman, president of RPO.

RPO has successfully designed the
lens, as well as test materials and coatings
for damage threshold. By the end of
Phase 1, a working prototype was pro-
duced and provided to the U.S. Air Force
for testing.

“We had great results with the proto-
type,” said George Lindberg, RPO’s glass
materials manager and principal investi-
gator on the project.

Potential applications range from mili-
tary systems to spectroscopy, including
medical, scientific, research, security and
pollution monitoring.

The STTR program expands funding

opportunities in the federal innovation
R&D arena. The program is focused on
the expansion of the public/private sector
partnership to include the joint venture
opportunities for small businesses and
nonprofit research institutions.

RPO is a developer of glass, plastic,
crystal and IR optics for customers in de-
fense, commercial and industrial markets.

Lighting Science signs patent agreement with Osram-Sylvania, Hubbell

LED solutions provider Lighting Science
has announced the signing of a perpetual
patent license agreement with Osram-
Sylvania Inc. and Hubbell Lighting, a
division of Hubbell Inc.

The license agreement covers Lighting
Science’s 968 patent family and ap-
plies to Osram-Sylvania’s and Hubbell’s
respective low-profile retrofit downlight
products. This technology was first intro-
duced in Lighting Science’s Glimpse flush
mount retrofit downlight.

“As a leading provider of innovative
lighting products, Hubbell is pleased to be
able to license Lighting Science’s innova-
tive downlight technology, which will
bring significant value to our customers,”
said Kevin Poyck, group president for
Hubbell Lighting.

Osram-Sylvania and Hubbell are the
latest companies to join Lighting Sci-
ence’s patent licensing program. Others
include Cree, Cooper, USA Light and
Electric, Green Creative, Cordelia Light-

ing and Hyperikon. Lighting Science
holds nearly 400 U.S. and foreign patents
covering the fields of biologically adjusted
and corrected lighting, light spectrum
control, micro-electric optics, advances in
roadway infrastructure and various other
lighting form factors.

Lighting Science provides LED light-
ing solutions, designing and manufactur-
ing products for consumer and commer-
cial applications.

* Elbit receives $90M+ contract * Pl Alignment System named R&D 100 finalist
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e Light Speed

OFS Cable wins innovation award

The LaserWave FLEX WideBand Multi-
mode Optical Fiber from OFS Fitel LLC

Hyperspectral imaging
poised for growth

The global hyperspectral imaging
market is projected to reach $90 mil-
lion by 2021 with a compound annual
growth rate of 9.8 percent, according
to a report by Mordor Intelligence.

Hyperspectral imaging is a part of
many medical procedures such as gas-
trointestinal tract, mucosal membrane,
ophthalmology, vascular systems and
surface tissue applications. The market
has been segmented into agriculture,
surveillance, life sciences, environ-
mental testing, food industry, mining
and mineralogy, machine control,
physics and astronomy and others.

Use in military surveillance contrib-
uted to the largest market share of
nearly 21 percent in 2015. Mining,
mineralogy and meteorological ap-
plications have contributed greatly
toward a high market share. Health-
care applications, especially in diag-
nostics, are increasing rapidly, and the
hyperspectral imaging market for life
sciences is expected to grow at the
highest compound annual growth rate.
Untapped markets in emerging econo-
mies, elucidation of newer application
areas of hyperspectral imaging and
increasing adoption in the health-care
industry are expected to bring other
market opportunities.

OFS

has won a silver award from the 2016
Cabling Installation and Maintenance In-
novators Awards Program.

Presented annually, the awards recog-
nize the most innovative applications of
cabling and communications technology
products and systems in the structured
cabling industry.

“OFS appreciates this recognition of
our product by the 2016 Innovators Awards
Program,” said Timothy F. Murray, CEO
and chairman of OFS. “The LaserWave
FLEX WideBand Multimode Fiber
reflects our company’s ongoing commit-
ment to developing industry-leading fiber
optic innovations that exceed the needs
and expectations of our customers while

also positively affecting the lives of end
users around the globe.”

Designed to meet the demands of
today’s OM4 networks, the LaserWave
FLEX WideBand Multimode Fiber uses
short-wavelength division multiplexing
to allow multiple lanes of traffic over the
same strand of optical fiber. With this
ability, this new fiber may increase trans-
mission capacity by up to 400 percent,
helping service providers gain greater
capacity and faster speeds using less fiber,
time and money.

OFS is a designer, manufacturer and
provider of optical fiber, fiber optic cable,
connectivity, fiber-to-the-subscriber and
specialty photonics products.

CSA laser launches aboard NASA OSIRIS-REX

A laser altimeter from the Canadian
Space Agency (CSA) has been launched
on board NASA’s OSIRIS-REx (Origins,
Spectral Interpretation, Resource Iden-
tification, Security-Regolith Explorer)
spacecraft, en route to the Bennu asteroid.

The instrument was built for CSA by
MacDonald, Dettwiler and Associates
Ltd., and Optech. In exchange for provid-
ing the laser altimeter, CSA will receive
a portion of the returned asteroid sample
for study.

The OSIRIS-REx Laser Altimeter
(OLA) is the most sophisticated lidar
system ever launched to an asteroid, con-
taining approximately 4,000 mechanical

parts and 3,000 electrical parts, and using
less power than a 75-W light bulb.

The device will create 3D maps of the
near-Earth asteroid Bennu, aiding in the
selection of a sample collection site.

The advanced lidar system will provide
mission scientists with fundamental data
on the asteroid’s shape, topography,
surface processes and evolution. An
accurate shape model will also be an
important tool for navigators as they
maneuver the spacecraft around the
500-m-wide asteroid. Canada will own
4 percent of the returned sample, which
will be curated and studied.

Trumpf creates venture capital firm

Manufacturing solutions provider Trumpf
GmbH & Co. KG has founded Trumpf
Venture GmbH, a venture capital com-
pany to fund technology startups.

The company aims to fund promising
young companies that want to play a
major role in shaping the future of indus-
try. Over the coming five years, Trumpf
Venture GmbH will establish an invest-
ment portfolio of around 40 million euros.

”Once we get into our stride, we plan
to participate in around five startups per
year,” said Christof Siebert, head of
technology management at Trumpf.

“As a strategic investor, we want to use
our network, our industrial production

expertise and our technological know-
how to assist startups with market launch
and successful growth.

Trumpf says it is especially interested
in the fields of photonics and digitally
connected production as well as in new
manufacturing processes, smart compo-
nents and high-tech materials.

”We’re already having discussions with
first startups and assuming that we’ll be
able to make investments relatively soon,”
Siebert said.

Trumpf provides manufacturing solu-
tions for machine tool, laser and electron-
ics markets.
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Hyperspectral imaging shines light on ancient Mexican text

Pages 10 and 11 of the back of Codex Selden. The top image shows the pages as they appear to the naked
eye. These pages were scraped in the 1950s during a series of invasive tests which uncovered this vague
impression, hinting at the possibility that an earlier Mexican codex lay hidden beneath. The lower image has
been created using hyperspectral imaging to show the hidden pictographic scenes that lie underneath a layer

of plaster and chalk on the back of Codex Selden.

and 11 of the back of Codex Selden. These images lie underneath a layer of plaster and chalk and are not
visible to the naked eye. The Bodleian Libraries’ hyperspectral imaging scanner shines white light at an
object and for each pixel, it captures all the light that the object reflects back — not just the visible light that
the human eye can see, but 900 different wavelengths in the electromagnetic spectrum. Different pigments
or paints have different ‘spectral signatures’ or ‘fingerprints’ which allow them to be identified by the
scanner. Through high-level computer processing, reconstructed images like this one can be created.
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An image created using hyperspectral imaging, which shows the hidden pictographic scenes on pages 10
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Journal of Archaeological Sciences: Reports, 2016 Elsevier

OXFORD, England — Researchers at the
Bodleian Libraries have used hyperspec-
tral imaging to reveal never-before-seen
pictographic scenes from a rare precolo-
nial Mexican codex that has been hidden
underneath a layer of gypsum and chalk
for 500 years.

Until now, no other technique has been
able to unveil the concealed pictorial
narrative in a noninvasive manner. The
organic paints that were used to partially
create the vibrant images on early Mexi-
can codices do not absorb x-rays, which
ruled out x-ray analysis, a technique that
is commonly used to study works of art.

“Hyperspectral imaging has shown
great promise in helping us to begin to
reconstruct the story of the hidden codex
and ultimately to recover new information
about Mixtec history and archaeology,”
said David Howell, head of Heritage
Science at the Bodleian Libraries. “This
is very much a new technique, and we’ve
learned valuable lessons about how to use
hyperspectral imaging in the future both
for this very fragile manuscript and for
countless others like it.”

The researchers analyzed seven pages
of the codex for this study. The results
thus far indicate that the covered text
and pictorials contain unique genealogic
information that may prove invaluable
for the interpretation of archaeological
remains from southern Mexico.

“After four or five years of trying
different techniques, we’ve been able to
reveal an abundance of images without
damaging this extremely vulnerable item.
We can confirm that Codex Selden is
indeed a palimpsest,” said Ludo Snijders
from Leiden University.

A palimpsest is a document that has
been covered up and reused to make the
manuscript that is currently visible. The
newly revealed manuscript was hidden
on the back of Codex Selden, which dates
from around 1560 and is one of fewer
than 20 known Mexican codices to have
survived from precolonial and early colo-
nial Mexico.

The researchers continue to analyze
the remainder of the document with the
aim of reconstructing the entire hidden
imagery, which will allow the text to be
interpreted more fully.
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Working with the Humanities Division
in the University of Oxford, Bodleian
Libraries acquired the hyperspectral
scanner in 2014 with the support of the
University’s Fell Fund. Hyperspec-
tral imaging is now used by Bodleian
researchers to reveal hidden text and

Vortex laser may help shape the future of data transfer

BUFFALO, N.Y. — A light-based com-
munications tool that is structured to
carry data in a helical path may enable
fast transfer of large amounts of data,
resolving potential bottlenecks in data
transfer as the demand for information
sharing grows. The novel technique uses
a vortex beam that travels in a corkscrew
pattern, encoding data into the vortex
twists. The shape of the beam enables it to
encode data for optical communications
with greater freedom than a conventional
laser, giving it the potential to carry 10
times or more information than lasers that
move in a linear direction.

Although the size of today’s computers
has been scaled down as increasing capa-
bility is packed into silicon chips, creat-
ing light beams with the desired amount
of twist has typically been achieved with
bulk optic devices.

A possible approach would be to use
a twisted-light source with a controlled
amount of optical angular momentum
that would be generated internally to the
designed device structure.

To make a vortex laser useful for
practical applications, researchers at the
University at Buffalo, the State University
of New York, reduced a vortex laser to a
size compatible with the computer chips
used in today’s computers. They used
orbital angular momentum (OAM) to
distribute the laser in a corkscrew pattern,
and demonstrated that a microring laser
could produce a single-mode OAM vortex
lasing with the ability to precisely define
the topological charge of the OAM mode.

The research team also showed that the
polarization associated with OAM lasing
could be further manipulated on demand to
create a radially polarized vortex emission.

“To transfer more data while using less
energy, we need to rethink what’s inside
these machines,” said professor Liang
Feng.

images and identify unknown substances
and pigments with a high degree of accu-
racy. Researchers have recently used the
scanner to clarify the text of the famous
Bakhshali manuscript from India, which
includes the first use of zero; to analyze
the medieval Gough Map, the earliest

Use of OAM lasing, especially at a
micro- and nanoscale, could address the

growing demand for information capacity.

The research team’s OAM microlaser
could find applications in the next genera-
tion of integrated optoelectronic devices
for optical communications in both quan-
tum and classical regimes. As techniques
like wavelength-division multiplexing
and time-division multiplexing near their
data transfer limits, microlasers could
find application in telecommunication and
information technologies to increase the
rate of information transmission.

The research was published in Science
(doi: 10.1126/science.aaf8533).

road map of Great Britain; and to reveal a
hidden devil in a centuries-old Armenian
gospel-book.

The research was published in the
Journal of Archeological Science (doi:
10.1016/j.jasrep.2016.07.019).

A close-up look at the vortex laser beam.

A vortex laser on a chip. Because the laser beam travels in a corkscrew pattern, encoding information into

different vortex twists, it's able to carry 10 times or more the amount of information than that of conventional

lasers.
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Solid-state photodetector may speed switching of optoelectronic devices

NAGAKUTE, Japan — An all-solid-state
wavelength-dependent bipolar photo-
detector (WBPD), composed of a single
semiconductor, has demonstrated a faster
response time than existing WBPDs that
are comprised of hetero-nanostructures.
The novel WBPD has also demonstrated
tunable switching wavelengths.

To speed response time in the novel
photodetector, researchers at Toyota Cen-
tral R&D Labs used a tungsten disulphide
film with front and rear ends modified by
oxidation and sulpherization. The band
structure of the semiconductor film had
the ability to increase or decrease at both
the rear and front surfaces, which allowed
it to form a U (or upside down U) shape,
making the film capable of carrying
photocurrents with wavelength-dependent
switching.

The researchers also exploited the de-
pendency between wavelength and depth
of photon penetration in semiconductor
material. Because shorter wavelengths are
more readily absorbed than long, shorter

wavelengths have a higher distribution of
excited electrons near the front surface;
whereas longer wavelengths have greater
distribution at a deeper level of penetra-
tion into the material. When drift and dif-
fusion processes are taken into account,
this phenomenon causes photocurrents in
opposite directions, for short- and long-
wavelength incident light.

The researchers showed that the thresh-
old wavelength at which the photocur-
rent polarity changed could be tuned
by choosing a suitable thickness for the
device. The device thickness affected
the distribution of photoexcited carriers
as a result of the wavelength-dependent
absorption, allowing tunable switching
wavelengths.

In existing WBPD devices, the switch-
able photocurrent polarity behaviors are
caused by differences in the optical prop-
erties of the two materials that comprise
the device; and the transition wavelengths
of the output polarity are limited by the
optical properties of the two types of ma-

terials. The low carrier mobility in liquid
electrolytes, which are used in many cur-
rent WBPD devices, can slow switching
response time.

For current and future optoelectronic
devices such as logic gates, extremely
high response times will be required. An
all-solid-state WBPD (i.e., a WBPD with-
out any electrolytes) may have significant
advantages over WBPDs using molecules
and electrolytes.

“Optoelectronic sensors that can switch
their photocurrent direction based on
the wavelength of incident light are an
important building block in novel optical
logic gates, color sensors and photocata-
lysts,” said Takashi Ikuno and Masaki
Hasegawa, researchers at the Toyota
Central R&D Labs.

The research was published in
Applied Physics Express (doi:10.7567/
APEX.9.062201).

Excallence in Lasers and Optics

There is a better excimer laser.
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Direct-drive laser fusion experiments move toward target ignition

ROCHESTER, N.Y. — Conditions
capable of producing a direct-drive laser
fusion yield that is five times higher than
the current record for laser fusion energy
yield have been demonstrated. The work,
which shows the use of direct-drive laser
fusion to compress fuel to about half the
pressure required to ignite it, represents
an advance in a national research initia-
tive to develop fusion as an energy source.
In a direct-drive approach to inertial con-
finement fusion (ICF), researchers at the
University of Rochester’s Laboratory of
Laser Energetics (LLE) targeted 60 laser
beams to strike a millimeter-sized pellet
of fuel. At the National Ignition Facility
(NIF) at Lawrence Livermore National
Laboratory, researchers are using 192
laser beams in an indirect-drive approach
to achieving laser fusion, in which the
laser light is first converted into x-rays in
a hohlraum.

LLE researchers reported that direct-
drive implosions on the LLE’s OMEGA
laser achieved core conditions that could
lead to significant alpha heating at inci-
dent energies available on the NIF scale.
The extrapolation of the experimental
results from OMEGA to NIF energy
assumes that the relative conditions pro-
duced at LLE are reproduced and scaled
up at the NIF.

The LLE results indicate that the
direct-drive approach may be a potential
alternative to other fusion methods.

“We’ve shown that the direct-drive
method is on par with other work being
done in advancing nuclear fusion re-
search,” said LLE researcher Arijit Bose.

Researchers estimated that the current
best-performing OMEGA implosion could
produce approximately 125 kilojoules (kJ)
of fusion energy. Similar levels of alpha
heating have been observed in current
highest performing indirect-drive NIF
implosions.

One hundred kJ is roughly equiva-
lent to 20 minutes’ output of a 100-watt
light; but in a fusion experiment at NIF,
that energy would be released in less
than a billionth of a second, and would
be enough to bring the fuel a step closer
to conditions required for ignition. If
ignited, thermonuclear fuel would unleash
an amount of fusion energy much greater
than the amount of input energy.
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Laser Beam

Michael Osadciw/University of Rochester

In the direct-drive method of inertial confinement
fusion, laser beams directly strike the fuel pellet.

“In laser fusion, an ignited target is

like a miniature star of about a 10th of a
millimeter, which produces the energy
equivalent of a few gallons of gasoline
over a fraction of a billionth of a second.
We are not there yet, but we are making

NIF Laser
Indirect Drive

X-ray Bath

In the indirect-drive method of inertial confinement

fusion, laser beams are converted to x-rays.

progress” said professor Riccardo Betti.
E. Michael Campbell, deputy direc-
tor of LLE, said the results were made
possible because of a number of improve-
ments in the direct method approach.
One improvement involved the aiming of
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the 60 laser beams, which now strike the
target more uniformly.

“It’s like squeezing a balloon with
your hands; there are always parts that
pop out where your hands aren’t,” said
Campbell. “If it were possible to squeeze
a balloon from every spot on the surface,
there would be a great deal more pressure
inside. And that’s what happens when the
lasers strike a target more symmetrically.”

“If we can improve the uniformity of
the way we compress our targets, we will
likely get very close to the conditions that
would extrapolate to ignition on NIF. This
is what we will be focusing on in the near
future” said Valeri Goncharov, director of
the LLE theory division.

Using graphene to lower the cost and footprint of LEDs

HSINCHU, Taiwan — A white LED
(WLED) has been developed using a hy-
brid metal-organic framework (MOF) ma-
terial, which provides electrically driven
white light emission with a continuous
spectrum that matches well with natural
sunlight. It could offer an economical,

“Arijit’s work is very thorough and
convincing. While much work remains
to be done, this result shows significant
progress in the direct-drive approach,”
said Betti.

Two additional enhancements were
made at LLE: The quality of the target
shell was improved to make it more eas-
ily compressed, and the diagnostics for
measuring what’s taking place within
the shell were improved. Researchers are
now able to capture x-ray images of the
target’s implosion with frame times of
40 trillionths of a second, giving them
information on how to more precisely
adjust the lasers.

“What we’ve done is show the advan-

environmentally friendly alternative to
WLEDs whose development depends on

the photon down-conversion of phosphors

containing rare-earth elements.

To reduce the footprint and cost of
WLEDs, researchers from National
Taiwan University and Academia Sinica

tages of a direct-drive laser in the nuclear
fusion process,” said Campbell. “And that
should lead to additional research op-
portunities, as well as continued progress
in the field.”

Bose says the next step is to develop
theoretical estimates of what is taking
place in the target shell as it is being hit
by the laser, to garner information that
could lead to further enhancements.

Two recent LLE papers report that
OMEGA experiments match the current
NIF record when extrapolated to NIF
energies. Igniting a target is the main goal
of the laser fusion effort in the United
States.

designed a direct WLED derived from

a strontium-based MOF, graphene and
inorganic semiconductor hetero-junctions.
Testing of the device showed that the
WLED’s emission spectrum was continu-
ous, similar to natural sunlight. This is

in contrast to currently commercially

Over time, many adapt
to advancing technology.
But only few lead the way
for future growth.
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available WLEDs, which are composed
of three discrete colors (red, green and
blue), and which can make the colors
of the objects they illuminate appear
distorted.

The researchers attribute the successful
demonstration of MOF-based, electrically
driven white light emission to several
factors, including an appropriate band
alignment between the MOF and semi-
conductor layer and to the unusual proper-
ties of graphene, including its excellent

conductivity properties, its transparency
and the small effective mass necessary for
the efficient injection of free carriers into
a light-emitting active layer.

Widespread use of low-power, long-
lasting LEDs in the U.S. could save
nearly 348 terawatt-hours by 2027, an
amount comparable to the annual output
of 44 power plants, according to the U.S.
Department of Energy. WLEDs are cur-
rently made with rare-earth elements and
mining these minerals can be costly and

produce toxic waste. Additionally, exist-
ing commercial methods for producing
WLEDs involve multiple components
and steps that can reduce efficiency and
quality.

Together with environmentally friendly
materials and a low-cost fabrication pro-
cess, this timely discovery may be
useful in the development of solid-state
lighting and in reducing global energy
consumption.

Novel device adds to interferometry’s optical capabilities

ROCHESTER, N.Y. — An advance in
interferometry, named the Hilbert-space
analyzer, may lead to novel ways of
analyzing beams of light that are not
dependent on temporal delays.
Interferometers make minute measure-
ments by manipulating beams of light
using an optical delay — an effect that’s
typically achieved by adding length to
one of the beam’s paths, which slows the
signal down. The creators of the Hilbert-
space analyzer have found a way to intro-

duce a delay that is unrelated to time.

The device, which was developed by
research teams from the University of
Central Florida and the University of
Rochester, operates as a kind of gen-
eralized beamsplitter by introducing a
“generalized delay” that avoids adding
extra lengths in the beam paths. Instead,
it manipulates the beam and transforms it
using spatial light modulators.

The research applies quantum mechan-
ics formalism to the field of classical

optics and “provides an optical device
that has been missing from the arsenal of
optics,” said associate professor Ayman F.
Abouraddy.

The Hilbert-space analyzer can use
a traditional delay to obtain the wave-
lengths from which the signal is con-
structed via optical interferometry. It
can use a generalized delay to extract
the contributions of other waveforms, or
modal sets, to an optical beam.

“We don’t need to find new approaches
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for new modal sets: the Hilbert-space ana-
lyzer is a one-stop shop for all your modal
analysis needs,” Abouraddy said.

“For now, the most interesting applica-
tion for Hilbert-space analyzers is in opti-

cal communications, which uses light to
carry information across some distance,”
he added.

Abouraddy presented “Hilbert-Space
Analyzers: Basis-Neutral Modal Analysis

via Generalized Optical Interferometry”
at Frontiers in Optics (FiO) / Laser Sci-
ence (LS) in October.

Scientists discern light-driven molecular changes using LCLS laser
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To understand how molecules undergo light-driven
chemical transformations, scientists need to be
able to follow the atoms and electrons within the
energized molecule as it gains and loses energy. In
a recent study, a team of researchers at Argonne,
Northwestern University and the Technical Univer-
sity of Denmark used the ultrafast high-intensity
pulsed x-rays produced by the Linac Coherent
Light Source to take molecular snapshots of these
molecules.

LEMONT, Ill. — To better understand
how molecules undergo light-driven
chemical transformations, a research team
from the Argonne National Laboratory,
Northwestern University, the University
of Washington and the Technical Univer-
sity of Denmark used the Linac Coherent
Light Source (LCLS) at the Department
of Energy’s SLAC National Accelerator
Laboratory to image molecules in their
excited state. Results revealed an ex-
tremely short-lived state of excitation last-
ing only a few hundred femtoseconds (fs)
before the molecule relaxed into a lower
energy state. Learning more about this
state is a step toward the further develop-
ment of energy sources.

When the laser pulse hits the molecule,
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an electron from the outer ring moves into
the center, creating a charge imbalance,
which in turn creates an instability within
the molecule. Another electron from the
center migrates back to the outer ring, and
the excited electron falls back into the
lower open orbital to take its place.

“This first state appears and disappears
so quickly, but it’s imperative for the
development of things like solar fuels,”
said Lin Chen, senior chemist at Argonne
National Laboratory and professor of
chemistry at Northwestern University.
“Ideally, we want to find ways to make
this state last longer to enable the subse-
quent chemical processes that may lead to
catalysis, but just being able to see that it
is there in the first place is important.”

By using the LCLS, the researchers
were able to capture atomic and electronic
arrangements within the molecule that
had lifetimes as short as 50 fs — about as
long as it takes light to travel the width of
a human hair.

“Although we had previously captured
the molecular structure of a longer-lived
state, the structure of this transient state
eluded our detection because its lifetime
was too short,” Chen said.

The challenge, Chen added, is to
prolong the lifetime of the excited state
through the design of the molecule.

“From this study, we gained knowledge
of which molecular structural element,
such as bond length and planarity of the
ring, can influence the excited state prop-
erty,” she continued. “With these results
we might be able to design a system to
allow us to harvest much of the energy in
the excited state.”

For the study, the research team used
metalloporphyrin, a molecule similar to
the building blocks needed for natural and
artificial photosynthesis. Metalloporphy-
rins are of interest to scientists seeking to
convert solar energy into fuel.

The research was published in the
Journal of the American Chemical Society
(doi: 10.1021/jacs.6b02176).

www.photonics.com
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The Giant Magellan Telescope is a segmented mirror telescope that employs seven of today’s largest stiff monolith mirrors as segments. Six off-axis 8.4-meter

or 27-foot segments surround a central on-axis segment, forming a single optical surface 24.5 meters, or 80 feet, in diameter.

A High-Resolution View
of the Universe

Adaptive optics on the Giant Magellan Telescope sense optical aberrations caused

by atmospheric turbulence and correct them in real time using a deformable mirror.

BY ANTONIN BOUCHEZ, GIANT MAGELLAN
TELESCOPE ORGANIZATION (GMTO CORP.)

nder ideal circumstances, the
U resolution of an optical system is

limited by the diffraction of light
waves. This diffraction limit, the maxi-
mum resolution a telescope can achieve,
improves linearly with the telescope’s ap-
erture. However, the view of the universe
provided by ground-based telescopes is
typically limited not by diffraction, but
by atmospheric blurring due to tempera-
ture inhomogeneities and turbulence in
the Earth’s atmosphere. Even the best

astronomical sites in the world, located
on remote mountaintops with particularly
stable air, degrade diffraction-limited im-
ages to 0.6 to 0.7 arcseconds. While this
is approximately 100 times finer than the
naked eye can achieve, it is no better than
the diffraction limit of a modest backyard
telescope.

Space telescopes do not suffer from
the limitations imposed by atmospheric
turbulence. The 2.4-m-diameter Hubble
Space Telescope can produce images with
detail as fine as 0.04 arcseconds in visible
light. The 6.5-m-diameter James Webb
Space Telescope, due to be launched in
2018, will have nearly three times higher

resolution in the infrared, but its mirrors
are not specified to achieve the diffraction
limit in the visible.

Adaptive optics

Adaptive optics (AO) allows ground-
based telescopes to approach the resolu-
tion of comparably sized space telescopes.
Adaptive optics systems sense the optical
aberrations caused by atmospheric turbu-
lence, and correct them in real time using
a deformable mirror. The deformable mir-
ror must be adjusted hundreds of times
per second to keep up with the evolving
turbulence. Most large ground-based
observatories are now equipped with
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Rendering of the Giant Magellan Telescope (left) and a cross section of an adaptive secondary mirror segment (right).

AO systems to feed their narrow field-
of-view infrared instruments, improving
their resolution by over a factor of 10.
These instruments have made spectacular
discoveries, including the first images

of planets around other stars, storms on
Saturn’s moon Titan, and the discovery of
a super-massive black hole at the center of
our galaxy.

The Giant Magellan Telescope (GMT)
is a 24.5-m-diameter telescope being
built at Las Campanas Observatory in
Chile by a global consortium of universi-
ties and research institutions. It is one of
three “extremely large telescope” (ELT)
projects currently underway, all of which
plan to start initial science operations in
2022 to 2024.

The GMT has a segmented primary
mirror composed of seven 8.4-m-diameter
glass segments with a common focus.
These giant mirror segments are currently
being manufactured by the Richard F.
Caris Mirror Lab at the University of
Arizona, one of the GMT founding insti-
tutions. Unlike most current-generation
telescopes, GMT incorporates an adaptive
secondary mirror, thus providing atmo-
spheric turbulence correction to every
instrument on the telescope. This design
was pioneered at the Large Binocular
Telescope on Mount Graham in south-

eastern Arizona. The GMT adaptive
secondary mirror is segmented, with
seven 1-m-diameter circular segments
matching those of the primary mirror.
Each of these deformable mirror segments
has 672 electromagnetic actuators that
levitate and bend a 2-mm-thin glass face
sheet with permanent magnets bonded to
its back. The resulting adaptive mirror
can be updated 2,000 times per second,
providing precise atmospheric correction
with no need for additional optics ahead
of the scientific instruments.

A single deformable mirror can only
perfectly correct the optical aberrations
caused by atmospheric turbulence along
a single line of sight through the atmo-
sphere. Alternately, the deformable
mirror can be commanded to correct
the average turbulence over an extended
field of view. This trade-off allows the
adaptive optics correction to be tuned
to the observations being performed.
Bright guide stars near the scientific
target of interest are required to measure
the atmospheric aberrations with suf-
ficient speed. If these are not available,
then artificial guide stars generated by
the backscatter of laser light in the upper
atmosphere can be used. These consider-
ations have led to the development of a
wide variety of AO control techniques,

including natural guide star AO (NGAO),
ground-layer AO (GLAO) and laser
tomography AO (LTAO).

Direct detection of exoplanets

Natural guidestar AO is the simplest
form of AO employed on the GMT, used
when a bright guide star is available
near the scientific target. It provides the
highest resolution and highest contrast
images, over a narrow field of view.
NGAO is particularly well-suited to the
study of extrasolar planets orbiting nearby
stars, since these stars provide an ideal
reference. Over 3,000 extrasolar plan-
ets have now been identified, nearly all
using indirect detection techniques such
as monitoring the Doppler shift of the
parent star or the photometric signature
of a planetary transit across the parent
star. The planets themselves are lost in the
glare of the parent star, which is typically
10 to 108 times brighter and just 0.1 to
1.0 arcseconds away. Adaptive optics pro-
vides the only method to directly image
these planets and analyze their reflected
and emitted light.

The natural guide star AO mode on the
GMT will be able to reach planets up to
107 times fainter than the parent star in
the near-infrared, at just 0.1 arcseconds
from the star. This is sufficient to image
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Schematic representation of three possible adaptive optics control techniques. In each case the output of wavefront sensors (WFS) is analyzed by a wavefront control

computer (WFC) to update a deformable mirror (DM). The wavefront sensors can be fed by either real reference stars or back-scattered laser light.

Saturn-mass planets around many stars

in the solar neighborhood, and perhaps a
small number of “super-Earths,” rocky
planets several times the Earth’s diameter,
around the nearest stars. Spectral analy-
sis of the light from these planets can
yield vastly more information than the
few orbital parameters that the indirect
detection methods provide. It could even
provide the first signatures of life of these
planets, if biomarkers such as the simulta-
neous presence of ozone and methane are
detected. This goal is beyond the reach of
present-day telescopes, but well within

1.5
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the capabilities of the coming ELTs.
Ground-layer AO improves a tele-
scope’s image quality less dramatically,
but over a far wider field of view. This
is done by correcting only the portion of
the turbulence located near the ground
(typically less than 500 m above the tele-
scope), through which lines of sight over-
lap. The resolution improvement provided
is approximately a factor of 2, reducing
typical image size to 0.2 to 0.3 arcseconds
over fields of view as large as 20 arc-
minutes (two-thirds the apparent size of
the full moon). This is usually sufficient
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GMT 3.8-pm Simulation

Simulated Giant Magellan Telescope (GMT) image of a hypothetical planetary system orbiting Beta Pictoris,

located 63 light years from Earth (right) compared to real observations by the European Southern

Observatory’s Very Large Telescope, which discovered a 10 Jupiter-mass planet* (left). GMT will be

capable of detecting planets as small as Saturn in this system.

Phil Hinz, University of Arizona

resolution for studies of very distant gal-
axies, which have low surface brightness
and little structure at finer scales. GLAO
will therefore allow the ELTs to study the
most distant galaxies in large numbers,
with unprecedented sensitivity.

Laser guide stars

One of the most significant astronomi-
cal findings enabled by the last generation
of 8- to 10-m telescopes was the discov-
ery of a super-massive black hole at the
center of the Milky Way?. This black hole
contains 4 million times the mass of our
sun, and dominates the dynamics of the
stars in the inner part of the Milky Way
galaxy. Only with adaptive optics can the
thousands of stars orbiting the central
black hole be resolved and their orbital
motions measured. These orbits reveal
the mass of the central black hole, Sagit-
tarius A*, and also the history of star
formation and destruction in its vicinity.
Mid-infrared flares emanating from an
accretion disk around the black hole have
been imaged with adaptive optics, provid-
ing evidence of its continual growth?.

While the millions of stars in the
galactic bulge generally provide excellent
AO guide stars, Sagittarius A* is hidden
behind thick clouds of gas and dust,
completely obscuring the region in the
visible wavelengths at which wavefront
sensors typically operate. Laser guide
stars must therefore be used to provide
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Simulated Giant Magellan Telescope (GMT) laser tomography adaptive optics image of the region

surrounding Sagittarius A*, the super-massive black hole at the center of the Milky Way. Known star
positions were provided by Tuan Do and the UCLA Galactic Center Group.

the atmospheric turbulence measurements
that enable adaptive optics. Single-laser
guide star systems are now deployed at
most major observatories, but the ELTs
require more sophisticated systems

with multiple lasers to sample the wide
column of atmosphere through which the
telescope is pointing. The GMT system
will use six lasers whose measurements
will be combined tomographically to
derive the optimal adaptive secondary
mirror commands in the direction of the
scientific target. The resulting resolution
of 0.02 arcseconds is sufficient to track
the motion of the innermost stars over pe-
riods of weeks, and will allow the effects
of general relativity to be revealed as stars
pass within light hours of the Sagittarius
A* event horizon.

Astronomy is a technology-driven
science, with unexpected discoveries
made with each new generation of larger
and more powerful telescopes. The
next generation of ground-based ELTs
will be revolutionary due to their high
spatial resolution — unrivaled by even
the largest envisioned space telescopes.
The GMT will benefit from a resolution
improvement of a factor of 2.5 over cur-
rently existing telescopes, enabling the

characterization of super-Earths orbiting
nearby stars, the study of the most distant
galaxies in the universe, and the detection
of new physical phenomena in the vicinity
of super-massive black holes. However,

its most exciting discoveries cannot yet be
predicted.

Meet the author

Antonin Bouchez is GMTO’s Wavefront Sens-
ing and Control Group Lead, and is responsible
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References

1. A.-M. Lagrange and M. Bonnefoy, et al.
(2010). A giant planet imaged in the disk of
the young star B Pictoris. Science, Vol. 329,
p. 57-59.

2. A.M. Ghez and B.L. Klein, et al. (1998).
High proper motion stars in the vicinity of
Sgr A*: Evidence for a supermassive black
hole at the center of our galaxy. Astrophys-
ics, Vol. 509, pp. 678-686.

3. R. Genzel and R. Schédel et al. (2003).
Near-infrared flares from accreting gas
around the supermassive black hole at
the Galactic Centre. Nature, Vol. 425,
pp. 934-937.

PHOTONICS) VEDIA

Giant Magellan Telescope - GMTO Corp.

Pl

Precision,

Speed, Stability

High Speed
MNano-focus,
<1nm Resolution

Low Profile,
720%'sec, 4urad

FOR IMAGING & MICROSCOPRPY

Plnano 2" Gen XYZ Stage
MEW Advanced Controller

Microscope Stage
with Stable Image
Technology

Mini Stick/Slip
Motor Stages:
X, XY, X¥-rot

Learn more P www.pi-usa.us
Pl {Physik Instrumente) 508.832 3456

Haxapods

Air Baarings Piezo Mechanics

PRECISION | SPEEC’

w
=
o
l_._
=)
—
]
w
a
=
=
o
e
w
®]
0.
L)
=
o
c
|_
=
O
o
=
@
'..—.
o
=
>
}_
|
oo
=1
'_
'5-:1



http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=35&exitLink=mailto%3Aabouchez%40gmto.org
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=35&exitLink=http%3A%2F%2Fwww.pi-usa.us
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=35&exitLink=http%3A%2F%2Fwww.pi-usa.us

A large vapor bubble in a 250-pum flow cytometer microchannel caused by absorption of high-power green light by fluorescein dye.

Bubbles large and small can create mesmerizing interactions with a laser beam, however they are very disruptive to precision cell measurements,

and flow cytometer designers go to great lengths to prevent them.

In Vitro Diagnostics,
Immunology Spurring
Advances In

Flow Cytometry

November 2016

BY GIACOMO VACCA
KINETIC RIVER CORP.

ells are the building blocks of

organisms. From yeast and bacteria

to elephants and whales, cells are
the fundamental units of both biologi-
cal structure and function. They have
long been the subject of intense study: to
better understand how they work, to help
develop safer and more effective drug
compounds, and to serve as diagnostic
proxies of disease.

Flow cytometry is often compared to

microscopy, since these two techniques
are largely complementary. Microscopy

www.photonics.com
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Figure 1. Principle of flow cytometry. Cells (red) flow one by one past the beam from a laser (gray), and the

resulting light signals (various colors) are spectrally separated by filters (cyan) and detected by photodiodes

and photomultipliers (pink). Image created using BeamWise modeling software.

generates supremely fine-scaled images of
a sample; but it’s slow, taking up to sec-
onds to minutes to image in detail just a
handful of cells. Flow cytometry, by con-
trast, provides only a handful of measured
parameters on each cell, but at rates of
tens of thousands of cells per second. The
main trade-off is detail vs. throughput.

Most flow cytometers work by funnel-
ing cells from a liquid sample into a nar-
row stream so they’re in single file, and
passing them one by one at high speed
through one or more interrogating laser
beams (see Figure 1). The resulting inter-
actions generate scattered and fluorescent
light, and an analysis of these allows
counting, identification and characteriza-
tion of the cells in the sample.

AIDS diagnostics and hematology

Today, flow cytometers are ubiquitous
in hospitals, clinical laboratories, cell
biology departments, marine biology
laboratories, biomedical research institu-
tions and development labs of pharmaceu-
tical companies.

One of the most remarkable success
stories of flow cytometry is connected
with the global fight against HIV/AIDS.
As the epidemic grew in the 1980s, the
need for a reliable diagnostic tool to help
assess whether someone was getting sick
from AIDS became critically important.
HIV specifically targets CD4-positive
T-lymphocytes (a kind of white blood
cell), depleting them and making the
patient vulnerable to infection. Flow cy-
tometry can distinguish those cells from

Giacomo Vacca

Figure 2. A white blood cell (WBC) and a micro-
vesicle (MV), labeled for surface protein CD45 and
captured on a Millipore ImageStreamX imaging flow
cytometer under 640-nm excitation. This MV is
near the resolution limit at 60X magnification.

Figure 3. The three detection modules of a 3-laser, 13-color Beckman Coulter CytoFLEX flow cytometer.

Each fiber-coupled module contains several compact dichroic filters on removable holders (like the one held

up in the image) for spectral separation of signals.

all other blood cells — quickly and reli-
ably. The flow cytometry-based test thus
became the worldwide gold standard for
AIDS diagnosis, and one of the key tools
widely adopted in the global efforts to
treat sufferers of the disease’.

An even more widespread applica-
tion of flow cytometry is routine blood
counting. Every time someone gets his or
her blood drawn, whether for an annual
physical, or to follow up on a treatment,
that tube of blood gets sent to a lab, just
downstairs or maybe a few hundred
miles away, where flow-based hematol-

ogy analyzers generate a complete blood
count (CBC), which includes red blood
cells, white blood cells and platelets, in
less than a minute per sample. This most
common of diagnostic tests is ordered
hundreds of millions of times per year,
worldwide.

Main applications and unmet needs
But for all the advances since its incep-
tion a half century ago, flow cytometry is
constantly being pushed further.
The relatively elevated cost and com-
plexity of traditional flow cytometers

PHOTONICS) VEDIA

November 2016 Photonics Spectra 37

5
@
0
2
H
°
]
=
=
B
5
(]
fal
I
5]
£
g
s
S
B3
o
o
=
c
20
c
€
5]
S
o
c
<
@
S

University of Virginia School of Medicine

Beckman Coulter



M Flow Cytometry
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Figure 4. Compact latest-generation solid-state

lasers (see penny for scale), from Pavilion
Integration Corp.’s Mini-Whisper laser product line.

means that, generally, laboratories share
them: Instruments are acquired by a
central facility, and then allocated to users
across a department, an entire hospital, or
even from other institutions. This limits
access, and requires expert operators for
their operation and maintenance. Simpler,
cheaper machines would obviate these
problems and foster broader adoption.
Some applications, like infectious-
disease testing in remote areas, require

Pavilion Integration Corp.

instruments to be even smaller, ideally
portable and robust. Traditional flow cy-
tometers (such as BD Biosciences’ 525-1b
LSR II) have long been just the opposite
— bulky, lab-bound and complicated to
operate. A push has been underway to
package flow cytometry in more compact
and intrinsically more reliable units. For
example, there is a great need for a field-
deployable malaria diagnostics solution.

In some fields of research, requirements
are bumping up against rather fundamen-
tal physical limitations. For example, in
recent years it has been increasingly rec-
ognized that tiny particles (microvesicles
and exosomes) shed from cells can tell us
a lot about physiology, disease and recov-
ery?. These particles (see Figure 2) can
be even smaller than bacteria, however,
and they are very challenging to detect
on current flow cytometers. Instruments
capable of reliably detecting and charac-
terizing these extracellular vesicles would
help translate this new area of research
into clinical practice.

Another field of biomedicine constantly
in need of greater capabilities is immu-

nology. The study of the immune system
and its myriad super-specialized “foot
soldiers” (mainly white blood cells) re-
quires an ability to distinguish cells based
on their surface proteins®. Multiplexing
(probing as many cell parameters as pos-
sible) is key: the more parameters probed
simultaneously, the more detailed the
picture of the cell population in a sample.
But the complexity of running an instru-
ment goes up exponentially with current
multiplexing approaches, and traditional
flow cytometers max out at around 20
parameters.

Robustness, ease of use, reliability
The calls for better, smaller, (and/
or) cheaper flow cytometers are being
answered by both clever innovation and
disciplined engineering — and much of
it is photonics-related. Early machines
were little more than prototypes with a
skin, and their legacy is easily seen in the
design of instruments still in common
use. More recently, design and engineer-
ing best practices from other industries
have crept their way into flow cytometry,
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resulting in systems intrinsically less
prone to environmental variations or
operator error.

One of the first volleys in this ongoing
competitive battle was the introduction
of the C6 by Accuri, a Michigan startup
later bought by BD Biosciences. The C6,
launched in 2008, requires no laser align-
ment or maintenance by the user. More
compact, robust and significantly cheaper
than the then-available alternatives, it
quickly gained traction in a market with
significant pent-up demand for “simpler.”
Research groups (including the author’s,
then at Abbott Laboratories) started buy-
ing them for their own use, instead of
having to rely on time-shared machines in
the core labs.

A more recent step in this same direction
was the introduction of the CytoFLEX,
developed by Chinese startup Xitogen
(bought in 2014 by Beckman Coulter).
While the Accuri C6 is limited to two
lasers and six parameters, the CytoFLEX 3
(Figure 3) can support up to three lasers Figure 5. Canadian Space Agency astronaut Chris Hadfield, floating in the International Space Station,
and 15 parameters, in a small footprint, together with INO’s Microflow cytometer. The instrument was tested on the space station to pave the way for

Chris Hadfield/NASA

and with performance that rivals ma- health monitoring of astronauts during space missions.
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M Flow Cytometry

chines many times its size. The CytoFLEX
is regarded as being not just “smaller”
(which often forces performance trade-
offs), but “smaller and as good or better,”
particularly in terms of fluorescence
sensitivity*.

One of the photonics advances that is
making possible this kind of improvement
is the continued miniaturization of laser
sources. For a long time, flow cytom-
eters had to rely on massive, electricity-
guzzling, water- or forced-air-cooled gas
lasers, such as argon-ion and helium-
cadmium. With the arrival, starting in the
early 2000s, of solid-state alternatives, the
footprint — both physical and carbon —
of flow instruments could be significantly
reduced. The latest laser products to hit
the market (Figure 4) are as small as a
pack of mints — enabling transformative
instrument designs in terms of alignment
stability and overall size.

Portability for field diagnostics

The Accuri and CytoFLEX are good
fits for labs short on bench space and
in need of full-featured solutions. But

they’re far from portable. There are many
applications where only a few parameters
are needed, but at low cost and a “back-of-
a-Jeep” sturdiness, such as bringing AIDS
and malaria diagnostics out of urban
centers and into unelectrified villages in
rural areas.

Partec GmbH, a pioneering German
flow cytometry company acquired in
2013 by Japanese diagnostics powerhouse
Sysmex, has long made it part of its mis-
sion to serve just that kind of a market
and global-health need. Partec’s CyFlow
line of compact, robust flow cytometers
enabled deployment of AIDS diagnostics
deep into the African countryside of areas
hard hit by the epidemic.

Recently, several companies have de-
veloped innovative solutions that are even
more compact and robust. For example,
handyem Inc., a Quebec City-based
spinoff of Canada’s National Institute of
Optics (INO), introduced the HPC-100, a
waveguide-based flow cytometer based
on a prototype that actually flew on the
International Space Station (See Figure
5). The handyem box is one of the most
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portable flow cytometers yet, and its
interrogation design makes it intrinsically
alignment-free®.

Multiplexing for immunology

The immunologist’s constant quest for
greater multiplexing drove the develop-
ment of machines with more and more
excitation sources and fluorescence
detection channels, such as the BD
LSRFortessa X-20, which supports up
to five lasers and 20 channels. Adding
lasers and fluorescence detection bands,
however, reaches an effective plateau with
instruments like the LSRFortessa. The
diminishing returns come in the form of
spectral crosstalk: neighboring channels
receive unwanted fluorescence spillover,
distorting results and adding noise. This
is the effect of the relatively broad emis-
sion spectra of most organic fluorophores.
Unmanageable crosstalk, cumbersome
workflows and poorly reproducible results
pose a limit to the number of dyes that
can be used concurrently.

The introduction of mass cytometry by
Toronto-based DVS Sciences, acquired
by Fluidigm, was supposed to change all
that. Based on mass spectrometry of rare-
earth isotopes instead of fluorescence,
the company’s CyTOF is capable of 35+
simultaneous parameters — ostensibly
without any of the compensation head-
aches of fluorescence-based flow cytom-
eters. The CyTOF has found a receptive
audience in immunology®. However, mass
cytometry is not without challenges —
such as limited sensitivity, unanticipated
channel-to-channel crosstalk, expensive
reagents and equally cumbersome work-
flows. Not least, the cells in a sample are
completely obliterated during analysis,
precluding any sorting application.

At Kinetic River Corp., the research
team is actively working on new ap-
proaches to multiplexing that are com-
patible with sorting. Preliminary results,
using different excitation sources, includ-
ing high-performance lasers from Toptica
Photonics, are encouraging; the goal is
to double or more the number of simulta-
neous parameters currently available
for use.

Sensitivity for nanoparticles

The recognition that smaller-than-cells
particles can be important harbingers
of certain disease states, and diagnostic

www.photonics.com
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entities in their own right, has spurred
the field to push the envelope in terms of
sensitivity of detection. One approach is
to label the microvesicles and exosomes
(broadly, extracellular vesicles — EVs)
with fluorophores and detect them using
standard instrumentation (Figure 2). The
challenge there is that EVs, due to their
size, do not support the levels of fluores-
cence staining normally seen in whole
cells. Therefore higher-sensitivity instru-
ments are needed.

Another challenge is that, for many
applications, fluorescent labeling is not
a desirable option — for example, when
wishing to sort a fraction of the EV popu-
lation and conduct further tests on them.
In that case, labeling can alter the state
and function of the particles, compromis-
ing the results. Label-free techniques are
then required.

The simplest and most widely used
label-free technique is the oldest one in
the book: elastic light scattering. In the
size range of cells this is known as Mie
scattering, but when looking at EVs, you
get into the Rayleigh scattering regime.
Scattering efficiencies plummet as size
decreases, making it inordinately difficult
to detect at high throughput particles
smaller than 100 nm in size.

Various fixes are under development.
Improvements in the optical design (re-
duction of stray light, increased collection
of scattered light, reduction in electronic
and system noise sources), increase in the
available optical power from solid-state
lasers, and signal-processing techniques
are all being deployed in the push for
detecting the smallest possible particles
quickly and reliably. Some instruments
addressing this problem include the
A50-Micro from Apogee, the Beckman
Coulter Gallios and the Small Particle
Option on the BD Influx. This may well
be the case where all-around solid engi-
neering design and execution, rather than
a magic bullet, wins the day.

The future of cell analysis

There is much to look forward to in
biophotonics, and flow cytometry is no
exception. The relentless evolution of
optical components is enabling amazing
feats in realms of light excitation, collec-
tion and detection, and their application
to cell analysis. Photonic developments,
pioneered in other areas of science and

technology, but which are now being
adopted in flow cytometry, include:
supercontinuum and pulsed light sources;
photonic integrated circuits; spectrally
resolved detection using prisms and
detector arrays; inexpensive, compact
solid-state detectors such as silicon
photomultipliers; and more. Biophotonics
innovators are hard at work on analytical
and diagnostics bottlenecks — there’s no
shortage of important problems to solve.
The prize is better health and saved lives.
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In all-optical physiology studies, lasers are used both to stimulate neurons and to map activity in connected neurons via fluorescent probes such as genetically
modified calcium indicators.

Femtosecond Lasers Power
New Approaches in Optogenetics

BY DARRYL MCCOY AND MARCO ARRIGONI, COHERENT INC.

to unravel how neural pathways in the brain process and transmit information.

Optogenetics involves the use of light-sensitive opsins — a special class of
membrane-embedded proteins. Opsins are switchable channels or pumps for specific
cations or anions whose on or off state is determined by irradiation with light of an ap-

Longer-wavelength, ultrastable O ne of the most active and exciting areas in neuroscience is the use of optogenetics

femtosecond lasers are enabling

advances in this dynamic neuro-

science technique. propriate wavelength. It has been known for decades that neurons transmit signals in the
form of an action potential or voltage spike along their membranes. Therefore, if opsins
are present in a neuron’s membrane, light can be used to influence the flow of charged
ions across the membrane, mimic or inhibit the initiation of an action potential, and
thereby turn neuron activity on and off.
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Small lab mammals such as mice can
be genetically modified so that specific
opsins are produced in their neurons, or
even selectively in only certain types of
neurons, thus enabling optogenetic studies
of live animals. Specifically, the nonin-
vasive, noncontact nature of light enables
optogenetics to be conducted in the cortex
and neocortex of these live animals via
a small glass window that replaces the
upper part of the cranium. The shift to
longer laser wavelengths means that some
studies can even be conducted directly
through the cranium, albeit usually re-
quiring prior thinning of the skull.

In “all-optical” studies, sometimes
called all-optical physiology, light is used
to both manipulate neurons using opsins
and measure activity in the local network.
That is possible because neural activity
usually triggers increased calcium ion
Ca?*" concentrations, which can be readily
imaged using fluorescent calcium indica-
tors. The burgeoning range of genetically
expressed Ca** probes provides a very
powerful tool for this purpose. Since Ca?*
concentration and neural activity do not
correlate 100% of the time, and changes
in Ca** are slower than the actual voltage
changes, there is also growing interest
in genetically expressed probes whose
fluorescence is modulated directly by
membrane voltage.

Femtosecond lasers preferred
for multiphoton excitation

Several types of light sources, includ-
ing filtered lamps and LEDs, can be used
to stimulate or excite neurons. However,
lasers provide unique benefits of spatial
selectivity and high brightness; femto-
second lasers in particular offer specific
advantages thanks to their capability
to excite multiphoton processes. When
tightly focused in a live or fixed tissue
sample, the femtosecond laser can drive
two- (or even three-) photon excitation
of opsins and metabolic probes with
minimal photodamage, and with inherent
three-dimensional resolution. (Multi-
photon excitation has a highly nonlinear
dependence on light intensity and only
occurs at the beam waist of the focused
laser.) This spatial resolution enables
activation and interrogation with single
neuron resolution.

Activate this
neuron at
wavelength 1.

1) Image live specimen to
find locations of neurons.

2) Activate one or mare
Neurons.

3) Detect Ca signals in other
(distant) neurons.

Detect signal
in this neuron at
wavelength 2.

Figure 1. In all-optical physiology experiments with multiphoton lasers, neural activity can be manipulated

and monitored at single neuron resolution. The use of two separate wavelengths for photoactivation and

detection enables minimization of crosstalk between these ‘write & read’ channels.

Optogenetics is still in its infancy,
meaning that many important scientific
discoveries utilizing this technique lay
ahead. However, there are also several
challenges yet to be overcome to fully
exploit this powerful scientific tool.

Minimizing crosstalk

A key challenge in all-optical studies
is to minimize crosstalk: ensuring that
the laser light used for photoactivation
does not significantly excite fluorescent
signals from the interrogation probes, or
vice versa.

One approach to this problem is to use
photoactivators and probes whose absorp-
tion peaks are well-separated (Figure 1).
Here, two ultrafast laser wavelengths are
focused into the sample. Wavelength 1 is
used to activate neurons by two-photon
excitation and wavelength 2 is used to
image activity in other neurons, again via
two-photon excitation.

In addition to requiring two indepen-
dent laser wavelengths, this setup also re-
quires the availability of photoactivators
and calcium probes with well-separated
spectra. Unfortunately, the two-photon
spectra of most activators and probes are
quite broad — as much as 50 to 100 nm
or even more — and generally wider than

the corresponding one-photon spectra.
However, developments in this area have
been quite rapid. For example, several
red-shifted photoactivators have recently
been added to the all-optical toolkit,
including C1V1, ReaChR and Chrimson.
The one-photon absorption peaks can be
as long as 600 nm as shown schematically
in Figure 2. In theory, these can be used
with a range of blue excited Ca®" probes.
Nevertheless, the absorption spectra

of most activators have a weak, but not
negligible, short wavelength tail and
complete separation with this scheme has
proved challenging. Conversely, research-
ers can use one of the new red-shifted
calcium indicators, such as the RCaMP
family, which have one-photon absorp-
tion peaks around 550 nm, together with
a shorter wavelength photoactivator, such
as ChR2, with a one-photon absorption
peak closer to 460 nm. Alas, even this

is not proving a straightforward route to
eliminating crosstalk.

Peak intensity for photoactivation
Initial, proof-of-principle, all-optical

experiments involved just a handful

of neurons. However, the mammalian

brain comprises massive interconnec-

tions between myriad neurons. To begin

Coherent
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Figure 2. The single photon absorption spectrum of Chrimson is significantly red shifted compared

to other opsins.

to unravel the mysteries of the brain,
researchers want to study larger popula-
tions of neurons, simultaneously. Current
state-of-the-art experiments involve a few
tens of neurons, but some neuroscientists
are already discussing the need to study
at least 1,000 neurons, which would
typically encompass a column of tissue
250-pm across with a depth up to 1 mm.
The main challenge here is the peak
intensity needed for photactivation. That
is partly because numerous channels have
to be recruited to reach a threshold volt-
age effect. This challenge is compounded
with the lower activation cross section
intrinsic in two-photon excitation. One
frequently used solution to address this
challenge was developed by David Tank
at Princeton University. His method con-
sists of scanning the focused laser beam
in a spiral pattern, progressively cover-
ing the entire neuron body or soma until
the action potential is produced. This
may take something like 30 ms for each
neuron. Additionally, or as an alternative
approach, the laser power can be divided
to cover selective areas of several neurons
using computer-controlled holographic
illumination with a spatial light modula-
tor (SLM), as developed by Valentina
Emiliani at Université Paris Descartes.
Whether the excitation is truly simul-
taneous or fast but sequential, photo-
activation of larger neuron populations
inevitably requires higher laser powers —
at least several watts of output at the laser,
and maybe even tens of watts, although
delivered over milliseconds only. This
demand for higher power is somewhat
offset by the need to avoid photodamage

600

—— Chrimson

—&— VChR1

—=— Chronos

—— ChR2

—»— TsChR

and tissue heating, both of which can be
ameliorated by using a low duty cycle
and spreading the power among multiple
spatially separated targets.

Ytterbium fiber: higher power
at longer wavelengths

All-optical studies have created a need
for femtosecond lasers emitting multiple
watts in the 1040- to 1150-nm range.
These wavelengths are at or beyond the
limit of the Titanium:Sapphire (Ti:S)
lasers that have been the workhorses of
multiphoton microscopy for the past
15 years. Further, while a Ti:S-pumped
optical parametric oscillator can reach
this wavelength range, the power may
be inadequate for studying large neuron
populations.

Ytterbium-doped crystals are alterna-
tive gain materials, but power scaling
causes problems due to cooling and
thermal lensing of the bulk gain material.
In response, laser manufacturers have de-
veloped a new type of femtosecond laser
based on ytterbium-doped fiber that can

Edward Boyden, Massachusetts Institute of Technology

be scaled to several watts, or even tens of
watts, at 1030 to 1070 nm. While the first
Yb-doped fiber lasers were unable to pro-
duce multiwatt powers with pulse dura-
tions shorter than about 300 fs, engineers
at Coherent found solutions to balance
nonlinearity and gain in these high-power
lasers. These proprietary approaches have
spawned several families of ytterbium
fiber-based lasers that are well-suited

to optogenetics as well as other near-IR
applications. Some of these incorporate
an integrated optical parametric oscillator
that provides widely tunable output across
the near-IR.

Industrial reliability and stability
Solving the pulsewidth/power trade-off
in ytterbium fiber provides the combina-
tions of peak average powers required for
all formats of optogenetic photoactivation.
For example, the most compact of these
new lasers delivers over 2 watts of power
at a fixed 1070 nm with a pulsewidth
<55 fs. By combining a more powerful
ytterbium fiber with an optical parametric
oscillator (OPO) in a single package, the
Chameleon Discovery provides widely
tunable output, as well as 1.5 watts at
a fixed 1040 nm, enabling single laser
simplicity for these dual wavelength, all-
optical experiments. Thanks to the power
scaling potential of ytterbium fibers, other
products now offer several watts of tun-
able output across the near-IR like
Monaco with its Opera-F family of opto-
electronic pulse amplifiers (OPAs).
Concepts from the world of industrial
lasers, such as uptime and data through-
put, are positively affecting the world of
scientific lasers, minimizing the time from
complex experiments to publication of
results. The latest scientific lasers are now
designed for high reliability 24/7 opera-

When tightly focused in a live or fixed tissue sample,

the femtosecond laser can drive two- (or even three-)

photon excitation of opsins and metabolic probes

with minimal photodamage, and with inherent

three-dimensional resolution.
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Figure 3. Results from a test study of holographic photostimulation pyramidal neurons in the live brain

of a mouse during an active treadmill study. The upper panel (a) shows how the programmable phase mask

can be used to produce a single target spot, which in this case causes a calcium fluorescence change

(dF/F) in four directly targeted neurons. The lower panel (b) is a statistical plot showing normalized (z-score)

fluorescence deviations using a time-varied phase mask. Here each data column is a time window of

approximately 30-msec duration. Each row is a different specific neuron. This trial shows that this phase map

method and multiwatt power at 1040 nm enables neurons to be targeted with high spatial selectivity and

high temporal resolution.

tion, using rigorous industrial protocols
such as Highly Accelerated Laser Testing/
Highly Accelerated Stress Screening
(HALT/HASS). The accompanying stabil-
ity is a particular advantage in so-called
“chronic” imaging. Here all optical ex-
periments on a target animal are repeated
over a period of days or even months to
monitor the effects of things like stress,
task learning and effects of various drugs.
It is therefore vital that the laser(s) deliv-
ers a repeatable performance over time.

Recent discoveries

Several research groups are already be-
ginning to publish data from experiments
based on these new ytterbium fiber lasers.
For example, postdoctoral researcher
Alan Mardinly and others in the Adesnik
Lab at UC Berkeley have successfully
used the Coherent Fidelity and Monaco
lasers to activate a wide assortment of
opsins, including ChR2, C1V1, Chronos
and GtACR1. The high pulse energy of
the Monaco and high average power of
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B Femtosecond Lasers

the Fidelity-HP have proved ideal for
activating or suppressing large sets of
neurons. Even more importantly, they
can be effectively used with holographic
wavefront shaping so that all the targeted
neurons can be activated in nearly the
exact same instant. This allows for pre-
cise temporal control over large popula-
tions of neurons in full three dimensions
in the intact brains of behaving animals
(Figure 3). This will open new possibili-
ties of addressing how information is
encoded in the nervous system in the
precise timing of individual action poten-
tials in large populations.

Professor Michael Hausser’s research
group at University College London is on
the forefront of development and utiliza-
tions of all-optical experiments using
two-photon excitation. They were one of
the first to acquire a 2-watt ytterbium fiber
laser and then a >18-watt laser.

Senior research associate Adam Packer
explained a typical experiment: “We ex-
press a red-shifted photoactivator together
with a shorter wavelength Ca?* indicator
in neocortical neurons in vivo. Crosstalk

is minimized by using these long wave-
length lasers — 1040 nm or greater — to
excite the activator while imaging using
the 920-nm output from a Ti:S laser.

“In our latest experiments, we have
stimulated up to 50 neurons simultane-
ously at the same time as imaging the
responses of these neurons and their
neighbors. We image the neurons, select
the targets and then create a pattern of
focused spots using the SLM and the fiber
laser,” Packer said.

Twin galvanometers in the beam path
enabled Packer’s team to “jiggle” the
beams in a spiral pattern.

“Using this strategy, we have found
that we need 20 to 80 milliwatts of laser
power at each neuron, for a duration of
10 ms for reliable neuron firing. This
power level appears to cause no signifi-
cant photodamage or undesirable thermal
perturbations. Moving to 20 watts at the
laser enables firing more neurons with a
good experimental overhead to enable all
aspects of the activation and imaging to
be fully optimized,” he said.

To summarize, some of the latest ex-

perimental approaches in optogenetics re-
quire simple, turnkey femtosecond lasers
with higher power at longer wavelengths
than was previously available. To meet
this requirement, laser manufacturers
have developed lasers based on scalable
ytterbium-doped fiber media producing
100 femtosecond-class pulses with the
ideal balance of peak and average power.
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Quantum Cascade Laser

Breakthrough for Advanced
Remote Detection

Widely tunable, monolithically integrated mid-infrared semiconductor laser
operates at room temperature.

BY MANIJEH RAZEGHI, WENJIA ZHOU,
DONGHAI WU, RYAN MCCLINTOCK
AND STEVEN SLIVKEN,
NORTHWESTERN UNIVERSITY

The atoms in a molecule can bend,
stretch and rotate with respect to one an-
other, and these excitations are largely
optically active. Most molecules, from
simple to moderately complex, have a
characteristic absorption spectrum in the
3- to 14-pm wavelength range that can be
uniquely identified and quantified in real
time. Infrared spectroscopy has been used
to study these absorption features and de-
velop different molecular “fingerprints.”
The benefits of this optical technique, as
opposed to chemical sensors or chroma-
tography, are that the detection mechanism
requires minimal sample pretreatment
and is very fast. While high-performance
infrared detectors have existed for a long
time, the main challenge in achieving the
full potential of tunable laser spectroscopy
lies in the performance limitation of the
tunable mid-infrared (IR) laser sources.
Before the invention of quantum cas-
cade lasers (QCLs), few mid-IR sources
were available. Among them were optical
parametric oscillators that convert an input
laser wave into two output waves of lower
frequency by means of nonlinear optical
interaction. Although these oscillators can
achieve high output power, they are gen-
erally bulky, require large external power
supplies and cooling systems, and are eas-
ily subject to misalignment or damage.
There are several kinds of interband
semiconductor lasers that emit at infrared
wavelengths. Among them are lead salt
lasers, HgCdTe lasers and Sb-based inter-
band lasers. Since they all are categorized
as semiconductor lasers, they are inher-

a b
£

_ 0.75 =
E 0.50 g
% 0.25¢ <
E g =
& O 8
~0.25( 5
0 10 20 20 40 50 =

L]

Distance (nm)

g

=

=

R

[y

5]

=

S

| 0QC Stage 2 5{)%

- = i 1—

4 5 6 7 8 9 10 11 12 2
Wavelength (um) =

Figure 1. Conduction band diagram and relevant wavefunctions for one emitting stage of a quantum

cascade laser based on the Al As/Ga, , As/Ga

0A63| n0.3

04710 55AS Material system (a). Simulated gain curve

of a five-core heterogeneous quantum cascade laser (QCL) (b).

Back Sections

Front Sections

Beam Combiner

==
InP Substrate

Laser Waveguide

Electric Isclation 2-in-1 Funnel
Channel Combiner

Figure 2. Schematic of the wavelength tunable QCL source with a monolithically integrated sampled grating

distributed feedback (SGDFB) laser array and beam combiner.

ently compact. However, interband lasers
suffer from performance degradation as
the operating temperature and wavelength
increases. This is largely due to a rapid in-
crease of the nonradiative recombination
rate as a function of temperature.

In contrast, QCLs are well-established
mid-IR laser sources, based on intersub-
band transitions in a semiconductor het-
erostructure, rather than a combination
of electron-hole pairs across the semi-
conductor bandgap. A basic intersubband

transition region incorporates mini band
gaps that form an injector region that ef-
fectively collects the electrons and injects
them into the active region of the next
stage. This cascading scheme also gives
the name to the quantum cascade laser.
QCLs, based on the GaInAs/AlInAs ma-
terial system, feature very high perfor-
mance over a broad range of wavelengths
between 3 and 14 pm.

For intersubband transitions, the band-
gap design becomes independent of in-
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Quantum Cascade Lasers

Figure 3. Tunable laser system with the additional

power supply.

terband material bandgap, which is a
characteristic property of the compound
semiconductor. The emission wavelength
can be tailored by changing only the rela-
tive thickness of multiple quantum wells
and barriers without changing the mate-
rial composition. In a broadband hetero-
geneous QCL (HQCL), multiple stacks of
discrete wavelength quantum cascade (QC)
stages are incorporated within the same
quantum cascade laser waveguide core.
The summation of the effective gain of
the QC stages features a broad gain over a
large wavelength range. This allows selec-
tion of the laser emitting wavelength over
a wide range using an appropriate tunable
feedback mechanism.

Strain-balanced Al .In , As/Ga ,In
As/Ga In . As QCLs were shown to
have good performance across the wave-
length range 5.2 to 11 pm, and they can
be incorporated with a single process step
into a HQCL active region. When design-
ing a broadband laser core, it is critical to
use wavefunction engineering to avoid any
cross-absorption loss. Photons emitted by
the optical transition of a long wavelength
QC stage are often cross-absorbed by op-
tical transitions between the upper laser
level and the next excited state of other
QC stages, due to large oscillator strength
between them and a large electron popula-
tion in the upper laser level at high elec-
tric fields. The absorption decreases with
detuning of the photon energy from the
resonant absorption energy. As a result,
the energy separation between upper laser
level and the next excited state must be re-
duced well below 124 meV (approximately
10 pm). This may lessen the overall effi-
ciency of a shorter wavelength emitter by
decreasing the injection efficiency into the
upper laser level and increasing the ther-
mal escape of electrons from the upper
laser level, but is necessary in a HQCL
to minimize excess loss at longer wave-
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Figure 4. Comparison of the spectrum measured with the tunable laser system (red dots) to the expected

spectrum measured with the Fourier transform infrared (FTIR) spectrometer. The inset shows a zoomed-in

region showing the excellent agreement.

lengths. In our design, a compromise value
of 55 to 60 meV was chosen for a balance
in the efficiency and the range of operation
in the broadband HQCL, (Figure 1a).

Notably, all the cores must operate at
the same current density simultaneously,
so that maximum gain has to be reached
simultaneously for all cores. The modal
intensity profile within the waveguide
and the modal confinement factors of the
QC stages at different photon energies
have to be balanced. The net gain curve
of the HQCL is calculated by the sum of
individual QC stage gain, weighted by
the respective modal confinement factors.
The total modal gain based on simula-
tion, at a current density of approximately
4 kA/cm?, is shown in Figure 1b. Wave-
function engineering ensures that the
strong losses corresponding to resonant
absorption from upper laser levels to
higher states (near 60 meV) does not over-
lap with the HQCL emission energies of
interest. The gain is designed to be very
flat throughout the wavelength range.

The broadband structure was grown by
gas source molecular beam epitaxy on an
InP substrate. The threshold current of the
HQCLs are much higher than single core
devices due to reduced modal confinement
factors of each QC stage with respect to a
single core device. The devices are doped
higher than single core QCLs to ensure
that all wavelengths can reach the thresh-
old current before their maximum current
at resonant field. The wafer was character-
ized using a distributed feedback (DFB)
laser array. Single mode emission between
5.8 and 9.9 pm was obtained with a maxi-
mum power above 300 mW, and most DFB
lasers have power output above 100 mW.

A relatively flat threshold current between
5.8 and 9.0 pm indicates a flat gain.

Monolithic widely tunable QCL source

A widely tunable laser requires not
only a broadband gain medium but also a
robust tuning mechanism that allows se-
lecting any wavelength at will within that
wide wavelength range. External cavity
QCLs with a wide tuning range are com-
mercially available and have been used for
many practical applications. However, the
peripheral optical components make it sen-
sitive to mechanical shocks and vibrations.
Furthermore, the tuning speed is limited
by the movement of large grating objects.
Monolithic and electrical tuning is possible
with DFB QCLs, which have been demon-
strated to cover a few tens of cm™. How-
ever, because each element in the array
can only tune over such a small range of
a few cm™, the size of the array could be
prohibitively large in order to cover a range
of hundreds of cm ™. Fortunately, the DFB
lasers can be replaced by sampled grating
DFB (SGDFB) lasers, which have been
demonstrated to extend the tunability of a
QCL by one order of magnitude.

Multichannelwavelength-selectablesam-
pled grating distributed feedback (SGDFB)
laser arrays can be monolithically inte-
grated with an optical beam combiner to
realize even wider tuning on a single chip.
The benefit of the beam combiner is that
all wavelengths come out of a single output
aperture, along with a compact size and
fast electric tuning.

The integrated device consists of an
eight-laser SGDFB array and a beam
combiner section (Figure 2). The primary
emitting wavenumber of lasers is spaced
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by tens of cm™ by controlling the grating
period. The device was fabricated using
standard micro fabrication technologies.
During operation, one laser is selected and
tuned with injected continuous wave (CW)
current to the two SGDFB laser sections.
The injected CW currents locally change
the section temperature, which leads to
the change of effective refractive index. A
wavelength range of 6.2 to 9.1 pm from a
single emitting aperture was obtained by
integrating the 8-laser SGDFB laser array
with an on-chip beam combiner'. This is
achieved in a device smaller than a penny.

In order to make the tunable laser source
usable in the field, a self-contained tun-
able laser system was designed and built
(Figure 3), weighing about 3 kilograms
and measuring 127 mm X 203 mm X 184
mm. It works off of one 48-VDC power
supply and contains all of the electronics
and control algorithms necessary to drive
the individual lasers within the array and
coordinate the driving of the laser array
and produce the desired wavelength. The
system has both a local touchscreen user
interface and several remote interfaces
(GPIB, USB, RS232 and Ethernet). The la-
sers in the array are beam-combined into a
single aperture and the emission comes out
as single collimated output from the front
of the system.

The system was calibrated using custom
written automatic calibration software to
perform nearly 43,000 scans of the laser
array and record the spectrum with a
Fourier transform infrared (FTIR) spec-
trometer for different lasers and DC cur-
rent combinations. For each of the lasers
in the array, a colormap is made showing
the peak wavelength vs. SGDFB Section
A and Section B currents. This is then
used to generate optimized paths through
the data and create a table of precalibrated
scan paths. The software is then able to in-
terpolate along these paths with a resolu-
tion of better than 0.1 nm.

In order to use the system for chemical
spectroscopy, a wavelength region of in-
terest is selected and each discrete scan-
state is downloaded to a dedicated RAM
chip on the control board. An on-board or
off-board time-base is then used to step
through the states stored in the RAM. The
upper limit on the laser stabilization time
limits the scan rate to about 1000 Hz. In
order to demonstrate the scanning capabil-
ity of the system, a 100-mm single-pass gas

F'HOTONICS) MEDIA

cell was filled with natural gas composed
primarily of methane at 1 atmosphere. The
transmitted light was collected with a cryo-
genic mercury cadmium telluride (MCT)
detector and digitized by a high-speed
lock-in amplifier. Figure 4 shows a com-
parison of the reference spectrum (gray,
obtained with a FTIR spectrometer) to that
measured with the tunable laser system
(red points). Generally, the tunable laser
system can accurately measure the spec-
trum of natural gas. In particular, the inset
of Figure 4 shows excellent agreement
with some of the fine spectral features.
This technology is at once extremely
sophisticated engineering, yet it’s also
practical and reproducible. Any wave-
length in the laser’s range can be accessed
on demand at room temperature, which is
ideal for sensing applications. The com-
pact system, which drives the individual
lasers within the array with the conditions
necessary to produce any accessible wave-
length, is able to do fast wavelength scan-
ning without being limited by the driving
hardware electronics. This broadly tun-
able QCL source with no moving parts

will open new opportunities for mid-IR
spectroscopy and chemical sensing.
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Optical Materials of Tomorrow

BY MARIE FREEBODY
CONTRIBUTING EDITOR

rom silicon photonics and quantum

dots to metamaterials and carbon

nanotubes, innovative materials
promise a faster, brighter and more inte-
grated future. While some materials have
already enjoyed a measure of commercial
success, for others, the future promises
anything from niche applications right up
to market disruption and displacement of
existing technologies.

With the rise of high-performance

digital systems and the expansion of

November 2016

internet traffic, the exigency for advances
in optical materials is growing. At Intel,
serious work is underway to introduce
silicon photonics to remove networking
bottlenecks, eventually replacing copper
wires and interfaces with optical fibers.
“The predicted growing need for
optical interconnections in applications
like optical waveguides, optical data
storage, holographic parameters and re-
cording materials, and laser crystals
is leading to extensive research being
undertaken in the field,” said Rakesh
Singh, assistant manager of semiconduc-
tors at Allied Market Research, a market
report specialist based in Portland, Ore.

“The pioneering research in the paral-

lel optical interconnections for cloud
computing such as data transfer between
backplanes, boards and chips, as well as
within the chip, is the latest advancement
in optical material.”

Earlier this year, unprecedented storage
of 360 TB/disc was demonstrated by
scientists at the University of Southamp-
ton in England. Using nanostructured
glass, the team from the university’s
Optoelectronics Research Center devel-
oped five-dimensional (5D) digital data
with a virtually unlimited lifetime at
room temperature and thermal stability
up to 1000 °C.

www.photonics.com
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Two vials of photoluminescent quantum dots
(right) next to a prototype blue electroluminescent
QLED device (left).

Data is recorded using a femtosecond
laser, which writes in three layers of
nanostructured dots separated by 5 mm.
A very stable and safe form of portable
memory, the technology could be useful
for organizations with large archives,
such as national archives, museums and
libraries, to preserve their information
and records.

Metamaterials

A material that has captured the
imagination and the headlines since it was
first fabricated in 2006 is metamaterials.
David Smith at Duke University in Dur-
ham, N.C., and fellow researchers found
that when precisely arranging photonic
crystals into patterns of two or more
distinct materials, light would suddenly
behave very strangely.

Rather than following the usual rules of
nature, electromagnetic radiation could be
diffracted in such a way as to be confined
within the material — and the promise of
invisibility cloaks was born.

Fast-forward 10 years to today and
optical cloaking has yet to “materialize,”
leaving some scientists dismissing optical
metamaterials as no more than a headline-
grabbing fantasy. But there are others
who are hard at work, dogged in their at-
tempts to bring optical metamaterials
to reality.

According to a report compiled by
analyst Andrew McWilliams and pub-
lished by technology market research
report publishers BCC Research, based in
Wellesley, Mass., the total global market
for metamaterials was estimated at $307.7
million in 2015, but is expected to grow to
more than $1 billion by 2020, and nearly
$2.5 billion by 2025.

White QLED comprising a mixture of solution-processed QDs with high color rendering index.
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Today’s plasmonic metamaterials incar-
cerate and enhance light for use as sensor
elements in micrometer-sized arrays for
the next generation of biosensors.

“The most remarkable development of
plasmonics is its application in surface-
enhanced spectroscopy in which it acts
as the surface for molecule absorption
in order to enhance Raman scattering,”
Singh said. “Researchers are making
efforts for fabricating photonic chips for

fast and reliable biological detection. It
will take up almost three to four years for
these applications to become reality.”

A scientist with a keen focus on bring-
ing about more commercial applications
is professor Ortwin Hess, Leverhulme
Chair in Metamaterials and Deputy Head
of the Condensed Matter Theory group at
Imperial College London.

“After all the exciting general discov-
eries related to imaging, cloaking and
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H Optical Materials

Vantablack, the so-called “super-black” material,

is so dark that human eyes struggle to discern its
dimension and shape.

stopping of light, research and attention in
the optical metamaterials field has on the
one hand continued to push boundaries
and explore new functionalities, but at the
same time also become more application-
oriented,” Hess said.

Examples of advances in optical meta-
materials include the search for ways to
avoid or compensate for losses, to look for
new familiies of materials — particularly
compound semiconductors, to facilitate
integration with lasers and LEDs, and
to provide an exciting platform for new
types of lasers and emitters.

“The fact that we now even discuss ap-
plications and functionalities that work in
scales much smaller than the wavelength
of light is truly revolutionary and was
not around in optics 15 years ago — and
still not present in most textbooks,” Hess
added.

Hess has recently begun working with
a company in Cambridge, England, to
design and realize CMOS-compatible
“metasurface” structures for thermal
emitters used in gas sensors. Such “meta-
surfaces” enable radiation to be controlled
by spatially selective patterning.

This innovation can also be used for
circular polarization control and beam-
splitters for circularly polarized light.
This technology is expected to gain sig-
nificant importance in the coming years

Surrey NanoSystems

Vantablack was created by U.K.-based Surrey NanoSystems by growing a CNT forest directly on a sheet of

aluminum.

and set a new paradigm in the world of
optical materials and its future applica-
tions.

Incorporating metamaterial concepts
into compound semiconductor platforms
could open up some promising avenues
to explore. However, Singh cautions that
an application such as nano-sensing is

unlikely to leave the lab — or even the
theoretical modeling stage — anytime
soon.

Carbon nanotubes

Thanks to their unique structure,
carbon nanotubes (CNTSs) offer an almost
unlimited number of configurations, each
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‘The fact that we now even
discuss applications and
functionalities that work in
scales much smaller than
the wavelength of light

is truly revolutionary and
was not around in optics

15 years ago — and still not

present in most textbooks.’
Professor Ortwin Hess, Leverhulme
Chair in Metamaterials and Deputy
Head of the Condensed Matter Theory
group at Imperial College London.

of which offer intriguing optical proper-
ties.

When a thin sheet of carbon is rolled
into a nanotube, it forms a tube with a
particular diameter and twist, defined
as its chirality. Each chirality absorbs
a narrow range of optical wavelengths,
and because several hundred different
chiralities are possible, scientists can
access more parts of the electromagnetic
spectrum than ever before.

“Owing to their excellent conductive
properties, CNT-enhanced materials are
developed for flexible electronics and
transparent coatings,” said Alexandre
Clerbaux, marketing and business devel-
opment manager at Nanocyl SA, Belgium.
“Such materials are used for touchscreens
to replace scarce resources like indium tin
oxide and for novel organic photovoltaics
systems.”

When it comes to making solar cells,
optical materials must be combined in
such a way as to maximize the number of
charge carriers generated and to then ef-
ficiently transfer them to their respective
electrodes. CNTs offer the opportunity to
create lightweight, flexible solar cells that
can be processed at low temperatures —
making them cheaper to make than their
silicon counterparts.

0.6

0.5}

0.4

0.2

0.4

=& MNanosys QD

= BT.709
BT.2020
Pointer's Gamut
0.3 0.4 0.5 0.6

This graphic helps to capture the differences in BT color standards. The multicolored horseshoe-shaped

area represents all the colors that the average human eye can detect. The area within the dashed gray line,
labeled ‘Pointer’s Gamut,” contains all the colors found in nature. The solid dark gray line labeled BT.709
represents the colors that a standard HD TV can reproduce. Finally, BT.2020 and Nanosys Quantum Dot

(QD) is also plotted here. The U’, V' axes are arbitrary values on the color space chart introduced by the CIE

(International Commission on lllumination).

There have been tremendous advances
in recent years, but market viability has
yet to be achieved. With today’s CNT
photovoltaics increasing their power
conversion efficiencies, combined with
the additional benefits of low-temperature
processing and their lightweight flex-
ible nature, scientists are convinced that
they will one day become commercially
attractive.

Super-black coating

As well as applications in solar energy
generation, CNTs are being added to other
materials to absorb light so effectively
that the human eye strains to process it.
Vantablack, the so-called “super-black”
material, was created by U.K.-based Surrey
NanoSystems Ltd. by growing a CNT
forest directly on a sheet of aluminum.

“This material is so dark that human
eyes struggle to discern its dimension and
shape — a phenomenon that gives an im-
pression as though one was looking into a
black hole,” said Nanocyl’s Clerbaux.

Vantablack holds the world record as

the darkest man-made substance and
although originally developed for satel-
lite-borne blackbody calibration systems,
its unique optical properties make it ideal
for a host of light-suppression and light-
management problems. Applications
include optical power dumps in laser and
visual projection systems; aesthetic pur-
poses in luxury goods and artworks; solar
energy absorbers and concentrators; and
cold shields in infrared imaging systems.

Quantum dots

Quantum dots (QDs) have gone from
hype to reality. Great strides have been
made in quantum efficiencies, reliabil-
ity and color control, so much so that
QD-based TVs or QD monitors are now
available to buy.

“There has been a lot of advancement
in commercializing QD technology over
the past five years, solving the last mile
problem including reliability, scalability
and cost,” said Peter Kazlas, director of
Advanced Product Development at QD
Vision Inc., in Lexington, Mass. “Ad-
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vanced material development takes a lot
of time and commitment, but it’s worth it.
Samsung invested early, and the most, in
QD material development and that’s why
they are leading the LCD industry today
with their premium QD-based SUHD TVs
even outpacing OLED TV sales.”

Most of today’s efforts are focused on
packaging and integrating quantum dots
into displays in new ways that enable
lower cost and better performance. This
includes integrating QDs into display
color filters, which can more than double
the power efficiency of a display, and
developing flexible, emissive QD displays
than can be printed at low cost.

“QLEDs that operate in electrolumines-
cent mode present a leap-frog opportunity
over OLED technology,” Kazlas said.
“Better color, lower voltage and printabil-
ity is a winning combination for next-
generation displays and lighting.”

Nanosys Inc., QD specialists based in
Milpitas, Calif., are currently working on
QLEDs, which it believes is the future of
QDs for displays.

“We are developing QLEDs, using the

quantum dots as an emissive material —
think OLED display but with quantum
dots instead of organic emitters,” said
Jeff Yurek, corporate communications
manager at Nanosys Inc. “Today, QD dis-
plays are built just like LED displays. The
quantum dots are added to the backlight
of the display in the form of a translucent
plastic film that’s loaded with dots. In this
mode, the QDs are improving existing
LED displays by enabling them to be
more power efficient and deliver better
color.”

Although the quantum efficiency of
red and green QLEDs basically matches
those of commercial OLEDs with much
better color, the efficiency of blue devices
remains an issue — as does large-scale
printing and reliability. These challenges
must first be overcome before the market
can be reached.

While the timeline for Nanosys’ QLED
displays remains confidential, its Hyper-
ion Quantum Dots was launched in
May this year. The technology enables
displays to deliver over 90 percent of
the BT.2020 (latest color standard that

replaces BT.709) Ultra HD broadcast
standard for color gamut.

This brings a significantly wider, more
accurate range of colors to TV screens
that Yurek says matches the range of
colors found in the natural world, making
watching TV more like looking out of
a window. Crucially, this development
comes with cadmium levels below the
100-ppm limit established by the Euro-
pean RoHS Directive.

Display makers currently have a par-
ticular interest in cadmium levels since
rumors emerged that European policy
makers may put to an end the current
RoHS exemption for displays containing
more than 100 ppm of cadmium by 2018.

“This left display makers wondering
how they would support the BT.2020
color gamut standard in the next few
years without an exemption,” Yurek said.
“This is accomplished by combining an
entirely cadmium-free red quantum dot
with a green quantum dot engineered to
have an exceptionally narrow emission
spectrum and ultra-low cadmium.”

marie.freebody@photonics.com
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The laser has come a long
way over the past 60 years.
Far from its early roots in the
maset, it is now shining light
in new and advancing fields
industrywide.

In this month’s special section,

we examine the evolution of
lasers in traditional applica-
tions, as well as their expand-

ing use in aerospace, defense,

communications, and even
at the movies.
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The Aerospace Corp.

alter Buell, principal director of

the Electronics and Photonics

Laboratory at The Aerospace
Corp. in California, first became inter-
ested in lasers and optics more than 30
years ago. When his high school physics
teacher allowed him to teach a lab class
on interference and diffraction, he “was
hooked.”

Buell studied physics and optics as an
undergrad, and began to engage in the
research environment. Since then, his
work has been mainly in the application
of lasers in atomic physics, such as laser
cooling and atomic clocks, and in laser
remote sensing — principally in synthetic
aperture ladar.

Photonics Spectra spoke with Buell
about advances in the lasers field, and
what he anticipates for the future.

Q: What are some innovative, exciting
advancements you are seeing with
lasers, and how are they helping to
evolve the field?

A: Two of the major evolutions in laser

technology today are: 1) capability for

fairly dramatic reductions in size, weight

and power (SWaP) requirements, and 2)

increased flexibility in wavelength and

temporal waveform. New materials and
advances in sources like quantum cascade
lasers are enabling field and commercial
applications that used to be the purview of
academic labs. Hybrid architecture lasers

(for example, semiconductor laser seeds

amplified by fiber and bulk amplifiers)

enable long-range communications and
remote sensing with advanced waveforms
and the potential for electrical efficiency
exceeding 30 percent.

At the cutting edge of such low SWaP,
high-performance sources are chip-

scale integrated photonics where lasers,

modulators, frequency converters, and

so on, can be integrated onto a single

photonic chip via monolithic or heteroge-

neous integration. Quasi phase-matched
materials are realizing their potential for

INTERVI

high-efficiency nonlinear wavelength
conversion at power levels sufficient

to support a wide range of applications

in laser sensing. A decade ago I had a
tongue-in-cheek line in a journal paper

to the effect that “generally, tunable
sources are not sufficiently stable and
stable sources are not broadly tunable.”
Clearly, laser technology has advanced to
the point where this is no longer true, and
laser sources are available as commercial
products with performance only dreamed
of a few years ago.

Q: What new applications are laser
technologies finding?
A: Laser remote sensing — for example,
laser radar — had been an important ap-
plication area almost since the invention
of the laser, but recent advances in laser
and detector technology have enabled a
proliferation of applications. Examples
include lidar altimetry from space, air-
borne lidar mapping, and even “lidar on
a chip.” The advances in high-efficiency,
compact and robust fiber lasers [are]
beginning to make inroads into laser
communications from and in space, with
multiwatt high-bandwidth lasers being
small enough to fit into CubeSat pico- and
nanosatellites.

Advances in complex and high-
performance but low-SWaP lasers is
taking laser spectroscopy out of the lab,
into the field and beyond the bounds of
Earth. Already, laser-induced breakdown
spectroscopy has been used in an instru-
ment on the surface of Mars, and new
missions that require compact and
efficient multiwavelength systems are
being developed for lunar and interplan-
etary petrochronology instruments.

In addition to SWaP improvements,
integrated photonic technology enables
dramatic potential for functional consoli-
dation of photonics-based devices, includ-
ing atomic time/frequency references and
optical signal processing devices. One
example is wide-band photonic receivers

stions

for RF [radio frequency] compressive
sensing, where integrated photonic
circuits are being investigated to replace
free-space optics, and yield order-of-
magnitude reductions in sensor system
size and weight with full retention of
sensing capability. Another potential
outlet for photonic integrated circuitry

is high-performance chip-scale atomic
clocks, where the generation and stabiliza-
tion of clock signals require a high degree
of control over pump lasers and spectros-
copy-based health and status monitors.

Q: What do you foresee for the future
of laser technology and potential
applications?

A: One exciting area I see is the integra-

tion of lasers and other photonic elements

into the Internet of Things for sensing,
networked communication and high-
bandwidth/high-speed signal processing.

This involves lasers not as stand-alone

elements, but fully integrated elements

of complex systems. The capabilities of

advanced laser technologies also depend

critically on advances in other technology
areas. For example, recent advances in
lidar mapping depends at least as much on
development of high-bandwidth photon-
counting detector arrays as on laser de-
velopment, and on advances in computing
capability, algorithm development and
data fusion with other sensors.

Other application areas for laser tech-
nology, such as medicine and materials
processing, are not new but are likely to
benefit from accelerating improvements
in laser performance capability and reli-
ability. In laser manufacturing, process
optimizations are likely to invoke novel
laser performance capabilities in the
temporal waveforms and instantaneous
powers that can be applied toward long-
standing objectives such as material de-
position and removal, surface treatments
and fatigue mitigations, particularly in
specialty materials unique to specific
markets.

56 Photonics Spectra November 2016

www.photonics.com



http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=56&exitLink=http%3A%2F%2Fwww.photonics.com

From Masers to Lasers
iIn Space — and at the Cinemal

Well beyond its first successful demonstration in 1960, the laser has found its way into applications

that are the stuff of Hollywood movies — and into the movie theater, too.

BY JUSTINE MURPHY
SENIOR EDITOR

ixty years ago, physicists Charles
S Hard Townes, James P. Gordon

and H.J. Zeiger demonstrated the
maser (microwave amplification by
stimulated emission of radiation). It
wasn’t long before Townes and fellow
physicist Arthur Schawlow proved that
masers could be made to operate in the
visible and infrared regions. Around the
same time, research by Gordon Gould,
then a graduate student at Columbia Uni-
versity, found that a concentrated beam
of light could push technology beyond
the maser, and coined his concept
the laser — for light amplification by
stimulated emission of radiation. In 1960
— based on theoretical work by Townes,
Schawlow and Gould — engineer and
physicist Theodore H. Maiman built and
demonstrated the first working example.

The technology advanced quickly after

that first ruby laser, and applications soon
followed. For decades, lasers have been
finding new applications, from consumer
electronics to global telecommunications,
industry, science and medicine. Now, they
are reaching new heights in aerospace and
enhancing the movie experience.

Look, up in the sky!

The first laser-powered aircraft took
to the skies in 2003. Developed by a team
from NASA’s Marshall Space Flight
Center, the Dryden Flight Research
Center and the University of Alabama in
Huntsville, the plane was powered
by an invisible ground-based laser that
was tracking the aircraft in flight, and
directing its energy beam at specially
designed photovoltaic cells carried on-

Smithsonian Insti

James P. Gordon (right) and then-postdoctoral researcher H.J. Zeiger (not shown). The device radiated at a

wavelength of a little more than 1 cm and generated approximately 10 nW of power.

board to power the plane’s propeller.

In the years since this development,
lasers have become a versatile tool for
aerospace applications. Among them,
according to Laserage Technology Corp.
— a laser component manufacturer in the
medical and aerospace industries — is
hermetic laser sealing of electronic and
optoelectronic packages on spacecraft to
protect such systems. Employing laser
processing (e.g., welding, drilling and
coating) in the aerospace industry pro-
vides flexibility in design and manufac-
turing, resulting in lighter components
and, potentially, reduced costs.

Laser frequency combs are another
technology shown to advance aerospace
applications. Created by a laser that

emits continuous pulses of light spanning
almost the entire visible spectrum, these
combs are used for precisely measuring
the frequency of light from a variety of
sources. This technology also helps tele-
scopes achieve unprecedented accuracy in
spectral measurements.

A team from three German institutions
— the Max Planck Institute of Quantum
Optics, the Kiepenheuer Institute for
Solar Physics, and the University Obser-
vatory Munich — led the research. By
attaching a laser frequency comb to the
Kiepenheuer solar telescope in Tenerife
in the Canary Islands, light from both the
comb and the sun was coupled to a single
optical fiber connected to a spectrograph.

“An important aspect of our work is
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that we use a single-mode fiber, which
takes advantage of the wave nature of
light to enable a very clean and stable
beam at its output,” said Rafael Probst, a
post-doctoral candidate at the Max Planck
Institute of Quantum Optics. “This type
of fiber is quite common in telecom and
laser applications, but its applications in
astronomy are still largely unexplored.”
The laser frequency comb technique
has been shown to improve calibration by
about a factor of 100 over a temporally
separated fiber transmission. In combina-

A laser frequency comb.

tion with this calibration, the laser fre-
quency comb method enables extremely
robust and accurate spectroscopic mea-
surements. This technology could allow
astronomers to more accurately measure
a planet’s Doppler shifts, essentially
increasing the chance of spotting Earth-
sized, habitable planets, and additionally
enabling better study of the sun, distant
stars and exoplanets.

NASA is looking beyond Earth’s orbit
also with its Lunar Laser Communica-
tion Demonstration (LLCD). In it, the

An artist’s concept of NASA’s Lunar Atmosphere and Dust Environment Explorer (LADEE),

showing the Lunar Laser Communications Demonstration (LLCD).

Rafael Probst

NASA

Lunar Atmosphere and Dust Environment
Explorer (LADEE) spacecraft orbiting the
moon has been able to downlink data to
two receiver terminals using a laser beam.
While the organization communicates
with its spacecraft primarily via radio
waves, the Deep Space Network (DSN)
relies on large antenna arrays around the
globe. Engineers are working to switch
to optical frequencies instead, accord-
ing to Francesco Marsili, a microdevices
engineer at NASA’s Jet Propulsion
Laboratory. This would increase the data
rate of the communication links, and rely
on technology such as lasers mounted to
the spacecraft that are pointed at optical
telescopes on Earth to downlink data.
“With the huge quantities of data from
missions that are going farther and farther
away from the Earth, we need higher
bandwidth communications systems,”
said Chip Barnes, chief engineer for the
Ball Aerospace Civil Space business unit.
Advancing such communications systems
will require further development of optics
and photonics technologies, and more
efficient lasers.

Battling biological agents
Bioweapons are a growing concern
among military leaders. In Canada, they
are taking a proactive approach to such

threats.

The Defence Research and Develop-
ment Canada (DRDC) Valcartier, a
government agency, is currently seeking
to investigate how lasers could help detect
airborne biological and chemical agents,
and ultimately offer early warning of
these types of weapons. According to a
request for proposals filed in September,
DRDC is dedicating $850,000 to this
project, which will involve studying
“the phenomenology of the optical and
infrared signals from chemical and bio-
logical material” to be able to “process
and analyze these signals from acquired
data set during either field trial, includ-
ing aerial, or laboratory data acquisition
campaign.”

The U.S. military is studying the use
of lasers, as well, but for advancement of
fighter jets and similar aircraft (for the
detection of weapons, bombs and other
potential threats). The Air Force Special
Operations Command has been moving
toward installation of a high-energy laser
and tactical off-board sensors to an AC-
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A U.S. Air Force AC-130W gunship.

130W gunship on military fighter jets.
The request for funding (from the Depart-
ment of Defense) for this research has
been made, according to information from
FlightGlobal — an agency that provides
data, insight and other services for the
aviation industry — and the work could
begin by 2020.

Multimedia lasers:
from Wi-Fi to the movies

Laser weapons were once only the stuff
of movies and television. Now, lasers are
becoming part of the picture in applica-
tions from data communications and
lighting to projection. In this increasingly
digital age, users are constantly looking
for better, faster wireless connectivity.
Wi-Fi and Bluetooth, both well-estab-
lished technologies, already offer high
speed, but now scientists are seeing room
to grow.

A team from the King Abdullah
University of Science & Technology
(KAUST) in Saudi Arabia has demon-
strated that white light from lasers could
provide data speeds up to 2 GB/s. To do
this, they have developed a way to
shorten the wavelength of the electro-
magnetic waves used for transmitting
information — a nanocrystalline mate-
rial that rapidly makes white light out of
blue light. Parts of the electromagnetic
spectrum that are unregulated and more
energy-efficient are used for visible light
communication (VLC), thus producing
white light.

“VLC using white light generated in

A nanocrystal-based material converts blue laser emission to white light for combined illumination and data

communication.

this way is limited to about one hundred
million bits per second,” said Boon Ooi,
a professor of electrical engineering at
KAUST.

To clear this hurdle, the researchers
employed a solution-based method that
incorporated a conventional nitride phos-
phor to develop nanocrystals made from
cesium lead bromide. When illuminated
by a blue laser light, the nanocrystals
emitted green light and the nitride emit-
ted red light; combined, the two produced
a warm white light. The white light
generated “was of a quality comparable
to present LED technology,” according to
the researchers. So in addition to faster

Wi-Fi, they have found that such light
could have another use.

“We believe that white light generated
using semiconductor lasers will one day
replace the LED white light bulbs for
energy-efficient lighting,” Ooi said.

And while lasers still aren’t recom-
mended for popping popcorn, you can now
find them at the movies.

Developed jointly by Dolby Labora-
tories, Christie Digital and Necsel, the
Dolby Vision Cinema Laser Projector —
winner of the 2016 Prism Award for Dis-
plays and Lighting — is set to enhance the
“premium cinema experience with high
contrast, high brightness, a wide color
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gamut and excellent 3D performance,”
and make it more engaging for viewers.
“Cinema projection does not get any bet-
ter than this,” said Don Shaw, senior direc-
tor of product management at Christie.
The system employs optics and image
processing for high dynamic range, and
enhanced color technology provides a
high-contrast, high-brightness color
range that matches what is visible to
the human eye. The technology uses
two high-frame-rate-capable 4K laser
projection heads (by Christie), featuring
I] -||,| a customized light path. Combined with
a 6P modular laser light source, the laser
|:rN£MIﬂ| system creates high-contrast images and
ultra brightness. According to Necsel,
the system provides “strikingly vivid and
realistic images, and makes viewers feel
like they are in the movie’s world.”
“We’ll be delivering audiences a richer,
more detailed viewing experience with up

;‘.;;'}, to 14 foot-lamberts on-screen in 3D and

% up to 31 foot-lamberts for 2D Dolby Vi-

& sion content,” Shaw said, noting that this
The Dolby Vision laser projection system is set to enhance the cinema experience, exceeds ultra-bright industry standards.
and make it more engaging for moviegoers. justine.murphy@photonics.com
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Lasers & Laser Diode Modules

Directory

A select list of companies and issue sponsors that manufacture or supply lasers and laser diode

modules. The list was compiled using data submitted for the Photonics Buyers’ Guide.

For more information, visit PhotonicsBuyersGuide.com.

Brso]>

Bristol Instruments Inc.
50 Victor Heights Parkway
Victor, N.Y. 14564-8909
Tel: (585) 924-2620
info@bristol-inst.com
www.bristol-inst.com
See our ad on page C3

HAMAMATSU

Hamamatsu Corporation
360 Foothill Road

P.0.Box 6910

Bridgewater, N.J. 08807-0910
Tel: (908) 231-0960
photonics@hamamatsu.com
www.hamamatsu.com

See our ad on page 39
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A, Fieeport Company

ILX Lightwave Corp.

31950 E. Frontage Road
Bozeman, Mont. 59715-8642

Tel: (406) 556-2481
sales@ilxlightwave.com
www.newport.com/ilxlightwave
See our ad on page 38

KENIER>

Kentek Corporation

32 Broadway

Pittsfield, N.H. 03263

Tel: (603) 223-4900
info@kenteklaserstore.com
www.kenteklaserstore.com
See our ad on page 46

This directory is sponsored by:

/A KIMMON KOHA

Kimmon Koha Co. Ltd.
7002 S Revere Pkwy., Ste. 85
Centennial, Colo. 80112

Tel: (303) 754-0401
p.townsend@kimmon.com
www.kimmon.com

See our ad on page 12

NATIONAL"
VS

National Laser Company
175 West 2950 South

Salt Lake City, Utah 84115

Tel: (801) 467-3391
cparberry@nationallaser.com
www.national-laser.com
See our ad on page 40

=+
NUFERN

Nufern

7 Airport Park Road

East Granby, Conn. 06026
Tel: (860) 408-5000
info@nufern.com
www.nufern.com

See our ad on page C 2

O opwin

Ophir - Spiricon LLC, Photonics
3050 North 300 West

North Logan, Utah 84341

Tel: (435) 753-3729
sales@us.ophiropt.com
www.ophiropt.com/photonics
See our ad on page 8

Laser Diode Modules

Artifex Engineering
Emden, Germany
www.artifex-engineering.com

B&W Tek
Newark, Del.
www.bwtek.com

BWT Beijing Ltd.
Beijing
www.bwt-bj.com/en/index.html|

Coherent Inc.
Santa Clara, Calif.
www.coherent.com

DILAS Diode Laser Inc.
Tucson, Ariz.
www.dilas.com

DILAS Diodenlaser GmbH
Mainz, Germany

Frankfurt Laser Co.
Friedrichsdorf, Germany
www.frlaserco.com

HAMAMATSU

Hamamatsu Corporation
Bridgewater, N.J.
www.hamamatsu.com

N X [LAG e naes

A, Rleevport Company

ILX Lightwave Corp.
Bozeman, Mont.
www.newport.com/ilxlightwave

Laser Components USA Inc.
Bedford, N.H.
www.laser-components.com
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M Laser Directory

Laser S.0.S. Ltd.
St. Ives, England
www.lasersos.com

LASOS Lasertechnik GmbH
Jena, Germany
www.lases.com

Micro Laser Systems Inc.
Garden Grove, Calif.
www.microlaser.com

Modulight Inc.
Tampere, Finland

www.modulight.com

NATIONAL
LASER

COMPANY
National Laser Company

Salt Lake City
www.national-laser.com

New Focus
Santa Clara, Calif.
www.newport.com/newfocus

Oclaro Inc.,

Advanced Photonics Solutions
San Jose, Calif.
www.oclaro.com

Omicron-Laserage Laserprodukte GmbH

Rodgau, Germany
www.omicron-laser.de

Ondax Inc.
Monrovia, Calif.
www.ondax.com

Osela Inc.
Lachine, Quebec, Canada
www.osela.com

0Z Optics Limited
Ottawa, Ontario, Canada

www.ozoptics.com

Pantec Medical Laser
Ruggell, Liechtenstein
www.pantec-medicallaser.com

PhotonTec Berlin GmbH
Berlin
www.photontec-berlin.com

Power Technology Inc.
Little Rock, Ark.
www.powertechnology.com

ProPhotonix Ltd.
Salem, N.H.
www.prophotonix.com

Quarton Inc.
New Taipei City, Taiwan
www.quarton.com.tw

Sacher Lasertechnik GmbH
Marburg, Germany
www.sacher-laser.com

Santec USA Corp.
Hackensack, N.J.
www.santec.com

Schaefter + Kirchhoff, Optics,
Photonics and Metrology

Hamburg, Germany

www.sukhamburg.com

SemiNex Corp.
Peabody, Mass.
www.seminex.com

World Star Technologies
Toronto
www.worldstartech.com

Z-LASER Optoelektronik GmbH
Freiburg, Germany
www.z-laser.com

Lasers, CO, CW

Coherent Inc.
Santa Clara, Calif.
www.coherent.com

Edinburgh Instruments Ltd.
Livingston, Scotland
www.edinst.com

HUBNER GmbH & Co. KG
Kassel, Germany
www.hubner-photonics.com

TRUMPF Inc.
Farmington, Conn.
www.us.trumpf.com

Lasers, CO, Pulsed

Coherent Inc.
Santa Clara, Calif.
www.coherent.com

Edinburgh Instruments Ltd.
Livingston, Scotland
www.edinst.com

TRUMPF Inc.
Farmington, Conn.

www.us.trumpf.com

Lasers, Diode

BaySpec Inc.
San Jose, Calif.

www.bayspec.com

BWT Beijing Ltd.

Beijing
www.bwt-bj.com/en/index.html

Cavitar Ltd.
Tampere, Finland
www.cavitar.com

CoherentInc.
Santa Clara, Calif.
www.coherent.com

DILAS Diode Laser Inc.
Tucson, Ariz.
www.dilas.com

DILAS Diodenlaser GmbH
Mainz, Germany
www.dilas.com

Frankfurt Laser Co.
Friedrichsdorf, Germany
www.frlaserco.com

Integrated Optics UAB
Vilnius, Lithuania
www.integratedoptics.com

IPG Photonics Corp.
Oxford, Mass.
www.ipgphotonics.com

JENOPTIK Laser GmbH,
Healthcare & Industry

Jena, Germany

www.jenoptik.com/lasers

/A KIMMON KOHA

Kimmon Koha Co. Ltd.
Centennial, Colo.
www.kimmon.com

Laser Components USA Inc.
Bedford, N.H.
www.laser-components.com

Laser Quantum Ltd.
Stockport, England
www.laserquantum.com

Laserglow Technologies
Toronto

www.laserglow.com

Lumentum Operations LLC
Milpitas, Calif.
www.lumentum.com
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Melles Griot, Light Sources Group
Carlshad, Calif.

www.mellesgriot.com

Micro Laser Systems Inc.
Garden Grove, Calif.
www.microlaser.com

Modulight Inc.
Tampere, Finland
www.modulight.com

NATIONAL"
VS

National Laser Company
Salt Lake City
www.national-laser.com

Necsel IP Inc.
Milpitas, Calif.
www.necsel.com

Norlase
Roskilde, Denmark
www.norlase.com

Oclaro Inc.,

Advanced Photonics Solutions
San Jose, Calif.
www.oclaro.com

Omicron-Laserage Laserprodukte GmbH
Rodgau, Germany
www.omicron-laser.de

Ondax Inc.
Monrovia, Calif.
www.ondax.com

Osela Inc.
Lachine, Quebec, Canada
www.osela.com

0Z Optics Ltd.

Ottawa, Ontario, Canada

www.ozoptics.com

Pacer International
Reading, England
www.pacer.co.uk

Pantec Medical Laser
Ruggell, Liechtenstein
www.pantec-medicallaser.com

Photodigm Inc.
Richardson, Texas
www.photodigm.com

PhotonTec Berlin GmbH
Berlin
www.photontec-berlin.com

PicoQuant GmbH
Berlin

www.picoguant.com

Power Technology Inc.
Little Rock, Ark.

www.powertechnology.com

ProPhotonix Ltd.
Salem, N.H.

www.prophotonix.com

Quantel Laser
Les Ulis, France
www.quantel-laser.com

Quarton Inc.
New Taipei City, Taiwan
www.quarton.com.tw

Sacher Lasertechnik GmbH
Marburg, Germany
www.sacher-laser.com

SemiNex Corp.
Peabody, Mass.
www.seminex.com

TeraDiode Inc.
Wilmington, Mass.
www.teradiode.com

TOPTICA Photonics Inc.
Victor, N.Y.

www.toptica.com

TRUMPF Inc.
Farmington, Conn.
www.us.trumpf.com

World Star Technologies
Toronto
www.worldstartech.com

Lasers, Diode, Tunable External
Cavity

Santec Corp.
Komaki, Japan
www.santec.com

Lasers, Diode-Pumped Solid-State

B&W Tek
Newark, Del.
www.bwtek.com

Cobolt AB
Solna, Sweden
www.cobolt.se

Coherent Inc.
Santa Clara, Calif.
www.coherent.com

Continuum
San Jose, Calif.
www.continuumlasers.com

Datalogic Industrial Automation,

Laser Marking
Bologna, Italy
www.datalogic.com/eng/products/industrial-
automation/laser-marking-pc-17.html

AXSUN Technologies
Billerica, Mass.
Www.axsun.com

New Focus
Santa Clara, Calif.
www.newport.com/newfocus

Photodigm Inc.
Richardson, Texas
www.photodigm.com

Sacher Lasertechnik GmbH
Marburg, Germany
www.sacher-laser.com

Frankfurt Laser Co.
Friedrichsdorf, Germany
www.frlaserco.com

HUBNER GmbH & Co. KG
Kassel, Germany
www.hubner-photonics.com

Integrated Optics UAB
Vilnius, Lithuania
www.integratedoptics.com

IPG Photonics Corp.
Oxford, Mass.
www.ipgphotonics.com

JENOPTIK Laser GmbH,
Healthcare & Industry

Jena, Germany

www.jenoptik.com/lasers

/A KIMMON KOHA

Kimmon Koha Co. Ltd.
Centennial, Colo.
www.kimmon.com

Laser Quantum Ltd.
Stockport, England
www.laserquantum.com

Laser S.0.S. Ltd.
St. lves, England
www.lasersos.com
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ADHESIVE

LETS THE LIGHT IN

BLOCKS UV LIGHT
200-400 nm

TRANSMITS VISIBLE LIGHT
450-900 nm and above

OPTICALLY CLEAR
Refractive Index: 1.55

Celebrating our 40 year anniversary

www.masterbond.com

TRIOPTICS

TRIOPTICS offers the world’s most
comprehensive range of optical measuring,
testing and manufacturing technology

for development, quality control and
production. Our expertise ranges from the
inspection of single optical components

to the assembly and testing of complex
camera systems.

& TRIOPTICS

see the Differsnce.

www.trioptics.com

Scan
to Watch
the Video!
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M Laser Directory

Laser-export Co. Ltd.
Moscow
www.laser-export.com

Laserglow Technologies
Toronto

www.laserglow.com

LASOS Lasertechnik GmbH
Jena, Germany
www.lases.com

Lee Laser Inc.
Orlando, Fla.
www.leelaser.com

Lumentum Operations LLC
Milpitas, Calif.
www.lumentum.com

Melles Griot, Light Sources Group
Carlshad, Calif.

www.mellesgriot.com

Militram Corp.
Herzliya, Israel
www.militram.com

NATIONAL"
TR

National Laser Company
Salt Lake City
www.national-laser.com

Norlase
Roskilde, Denmark
www.norlase.com

Omicron-Laserage Laserprodukte GmbH
Rodgau, Germany
www.omicron-laser.de

Pantec Medical Laser
Ruggell, Liechtenstein
www.pantec-medicallaser.com

Photonics Industries International Inc.
Ronkonkoma, N.Y.

www.photonix.com

PhotonTec Berlin GmbH
Berlin
www.photontec-berlin.com

Power Technology Inc.
Little Rock, Ark.
www.powertechnology.com

Quantum Composers Inc.
Bozeman, Mont.
WWWw.quantumcomposers.com

Quarton Inc.
New Taipei City, Taiwan
www.quarton.com.tw

RMI Laser LLC
Lafayette, Colo.
www.rmilaser.com

UniKLasers Ltd.
Edinburgh, Scotland
www.uniklasers.com

Lasers, Femtosecond

Allied Laser Solutions LLC
West Springfield, Mass.
www.alliedlasersolutions.com

Biophotonic Solutions Inc.
East Lansing, Mich.
www.hiophotonicsolutions.com

Continuum
San Jose, Calif.
www.continuumlasers.com

Edinburgh Instruments Ltd.
Livingston, Scotland
www.edinst.com

Onefive GmbH
Regensdorf, Switzerland
www.onefive.com

TOPTICA Photonics Inc.
Victor, N.Y.

www.toptica.com
Lasers, Fiber

American Laser Enterprises LLC
Wixom, Mich.
www.a-l-e.net

B&W Tek
Newark, Del.
www.bwtek.com

Clarus Engineering Corp.
Princeton, N.J.
www.clarusengineering.com

Datalogic Industrial Automation,

Laser Marking
Bologna, Italy
www.datalogic.com/eng/products/industrial-
automation/laser-marking-pc-17.html

Gooch & Housego
Somerset, England
www.goochandhousego.com

www.photonics.com
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IPG Photonics Corp.
Oxford, Mass.
www.ipgphotonics.com

JENOPTIK Laser GmbH,
Healthcare & Industry

Jena, Germany

www.jenoptik.com/lasers

/A KIMMON KOHA

Kimmon Koha Co. Ltd.
Centennial, Colo.
www.kimmon.com

KMLabs

(Kapteyn-Murnane Laboratories Inc.)

Boulder, Colo.
www.kmlabs.com

Lumentum Operations LLC
Milpitas, Calif.
www.lumentum.com

MPB Communications Inc.
Montreal

www.mpbcommunications.com

NKT Photonics A/S
Birkerod, Denmark
www.nktphotonics.com

NUFERN

Nufern
East Granby, Conn.
www.nufern.com

Onefive GmbH
Regensdorf, Switzerland
www.onefive.com

Quantel Laser
Les Ulis, France
www.quantel-laser.com

RMI Laser LLC
Lafayette, Colo.
www.rmilaser.com

SPI Lasers UK Ltd.
Southampton, England

www.spilasers.com

TOPTICA Photonics Inc.
Victor, N.Y.

www.toptica.com

TRUMPF Inc.
Farmington, Conn.
www.us.trumpf.com

Lasers, Nd:YAG

Continuum
San Jose, Calif.
www.continuumlasers.com

Frankfurt Laser Co.
Friedrichsdorf, Germany
www.frlaserco.com

Laser Quantum Ltd.
Stockport, England
www.laserquantum.com

Laser-export Co. Ltd.
Moscow
www.laser-export.com

Laserglow Technologies
Toronto

www.laserglow.com

Lee Laser Inc.
Orlando, Fla.
www.leelaser.com

Lumentum Operations LLC
Milpitas, Calif.
www.lumentum.com

Omicron-Laserage Laserprodukte GmbH

Rodgau, Germany
www.omicron-laser.de

Photonics Industries International Inc.

Ronkonkoma, N.Y.
www.photonix.com

Power Technology Inc.
Little Rock, Ark.
www.powertechnology.com

Quantel Laser
Les Ulis, France
www.quantel-laser.com

Quantum Composers Inc.
Bozeman, Mont.
WWw.quantumcomposers.com

RMI Laser LLC
Lafayette, Colo.
www.rmilaser.com

SPI Lasers UK Ltd.
Southampton, England

www.spilasers.com

TRUMPF Inc.
Farmington, Conn.

www.us.trumpf.com

Lasers, Q-Switched

Continuum
San Jose, Calif.
www.continuumlasers.com

IPG Photonics Corp.
Oxford, Mass.
www.ipgphotonics.com

Laser-export Co. Ltd.
Moscow
www.laser-export.com

Laserglow Technologies
Toronto

www.laserglow.com

Lee Laser Inc.
Orlando, Fla.
www.leelaser.com

Lumentum Operations LLC
Milpitas, Calif.
www.lumentum.com

NUFERN

Nufern
East Granby, Conn.
www.nufern.com

Pantec Medical Laser
Ruggell, Liechtenstein
www.pantec-medicallaser.com

Photonics Industries International Inc.

Ronkonkoma, N.Y.
www.photonix.com

PhotonTec Berlin GmbH
Berlin
www.photontec-berlin.com

Quantel Laser
Les Ulis, France
www.quantel-laser.com

Quantum Composers Inc.
Bozeman, Mont.
Wwww.quantumcomposers.com

RMI Laser LLC
Lafayette, Colo.
www.rmilaser.com

Lasers, Ti:Sapphire

Coherent Inc.
Santa Clara, Calif.
www.coherent.com
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M Laser Directory

Continuum
San Jose, Calif.
www.continuumlasers.com

GT Advanced Technologies
Salem, Mass.
www.gtat.com

KMLabs

(Kapteyn-Murnane Laboratories Inc.)
Boulder, Colo.
www.kmlabs.com

Laser-export Co. Ltd.
Moscow

www.laser-export.com

Photonics Industries International Inc.
Ronkonkoma, N.Y.

www.photonix.com

Swamp Optics LLC
Atlanta
www.swampoptics.com

Lasers, Ultrafast Pulsed

Biophotonic Solutions Inc.
East Lansing, Mich.
www.hiophotonicsolutions.com

CoherentInc.
Santa Clara, Calif.
www.coherent.com

Continuum
San Jose, Calif.
www.continuumlasers.com

HAMAMATSU

Hamamatsu Corporation
Bridgewater, N.J.
www.hamamatsu.com

IPG Photonics Corp.
Oxford, Mass.
www.ipgphotonics.com

JENOPTIK Laser GmbH,
Healthcare & Industry

Jena, Germany

www.jenoptik.com/lasers

KMLabs

(Kapteyn-Murnane Laboratories Inc.)
Boulder, Colo.
www.kmlabs.com

Micro-Controle Spectra-Physics SAS
Evry, France

www.newport.com

Onefive GmbH
Regensdorf, Switzerland
www.onefive.com

PicoQuant GmbH
Berlin

www.picoquant.com

Power Technology Inc.
Little Rock, Ark.
www.powertechnology.com

Swamp Optics LLC
Atlanta
www.swampoptics.com

TRUMPF Inc.
Farmington, Conn.

www.us.trumpf.com

PHOTONICS

Specira

The industry magazine for the Photonic Age.

Features: Trends in Integrated Photonics: Data & Telecom, Life Sciences & Medicine,
Aerospace & Defense, Quantum Communications

Issue Bonus: Highlighting the Prism Awards: The “Photonics Oscar”

Distribution: SPIE Photonics West
Photonics Showcase
Ad Close: Dec. 1

Features: Lasers for Additive Manufacturing; Raman Spectroscopy; Graphene;
Multiphoton Microscopy; Optical Networks

Issue Bonus: Spectroscopy, with Directory: Enhanced Advertiser Listing; Market Report;

Supplier New Product Report

Distribution: SPIE Photonics West; Photonics World of Lasers & Optics;
LASER World of PHOTONICS China

Ad Close: Dec. 28

Let’s keep growing together!
Unrivaled print, digital and live content and audience!

Contact your Account Manager at

+1 413-499-0514 or at advertising@photonics.com
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Closed loop nanopositioners

®

Low noise PicoQ" sensors
High precision micropositioning
AFM, NSOM & microscopy

Custom solutions

madcitylabs.com
USA: +1 608 2980855
EU: +41 (0)58 2698017

www.photonics.com
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CAMERAS
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Photonics ProdSpec is the new online marketplace to find a
product with the exact specifications you need for your
application. You’ll find hundreds of cameras and lasers listed,
with more products to be added throughout the year.

* Filter by specific datapoints

 Compare products side by side
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» Download spec sheets S
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Nd:YAG Laser

Quantum Composers Inc. has announced
the MicroJewel ultracompact, neodymium-doped
yttrium aluminium garnet (Nd:YAG) laser. The diode-
pumped, solid-state laser features a high-perfor-
mance multiwavelength Jewel and mid-IR option.
The MicroJewel is the perfect solution for custom-
ers who have limited space and/or limited power.
Military-grade mounting for resonator optics make
it rugged and robust. Three inches long and just
under 40 g, the laser is designed to be integrated
into systems requiring a small footprint, including
compact, handheld units. It serves a variety of
industrial and laboratory applications including
laser radar, breakdown spectroscopy, particle
image velocimetry and cube satellite systems.
eprieskorn@quantumcomposers.com

Spectroscopy System

Princeton Instruments has released the
FERGIE spectroscopy system, an aberration-free
spectrograph with a built-in, low-noise, cooled de-
tector. A spectral resolution of 0.13 nm/pixel with
a 1200 g/mm grating fares well when compared
to the resolution afforded by larger spectrographs
with longer focal lengths. Additionally, FERGIE’s
diffraction-limited imaging with a >60 Ip/mm
spatial resolution throughout the focal plane yields
high signal-to-noise ratios and permits multichan-
nel spectroscopy. A built-in detector permits high-
sensitivity spectral capture from 190 to 1100 nm.
dfbaum@princetoninstruments.com

Hyperspectral Cameras

3D-0ne offers the Avior series of hyperspec-
tral cameras. The devices are specifically designed
for OEM customers seeking a compact and robust
solution for hyperspectral imaging. The camera is
commercially available for customers in industrial
machine vision and medical imaging fields who
intend on using their own spectral processing and
optical technologies. The cameras feature a global
shutter CMOS sensor with Imec filter technology for
hyperspectral imaging. The design of the camera
is optimized for size, weight and power with a form
factor of 46 mm and a mass of <175 g. Industry
standard CameralLink interface guarantees reliable
data transfer and robust synchronization. The inter-
face features PoCL to enable single cable operation
of the camera.
inf -one.com

Focal Length Calculator

Goyo Optical Inc. has announced Goyo
North America’s Focal Length Calculator. The web
tool allows users to quickly and easily calculate the
most effective lens focal length for their system,
ensuring the aspect ratio of the sensor size equally
pairs with the aspect ratio of the object being im-
aged. Based on the sensor size, working distance
and field of view are entered into the tool. The Focal
Length Calculator computes the effective focal
length while also providing the best lens options.

info@goyonorthamerica.com

UV Lens

Resolve Optics Ltd. has released an opti-
mized, antireflection-coated, 10.5-mm UV lens for
an automatic return fire system to be used in con-
junction with a solar blind filter stack operating over
a bandwidth of 240 to 280 nm. Mounted lenses
are required to provide a 360° view, enabling
the system to detect the UV from muzzle flashes,
identify its location and return fire to that location
automatically. Rugged construction provides high-
resolution UV images from 10 m to infinity with
minimal distortion.
sales@resolveoptics.com

CCD Camera

QIlmaging offers the Retiga LUMO CCD
camera for bioluminescence and routine fluores-
cence imaging. The device enables the detection
and quantification of ultralow-light luminescence
signals by coupling deep cooling with FPGA-based
intelligent features that correct defective pixels and
remove accumulated dark current. Seventy-five
percent peak quantum efficiency combined with
low-noise electronics reveals the weak signals
missed by industrial cameras. Ultralow-noise
readout mode enables exposure times of up to
60 minutes. Deep sensor cooling and dynamic dark
frame correction deliver data over long exposures,
and 50-MHz two-port readout delivers frame rate
for finding, focusing and imaging samples.

info@qimaging.com
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Gompact UV Lamp

Spectronics Corp. has announced the Spectro-
line MiniMAX UV-5G compact lamp for laboratory
applications. A battery-operated, 5-W, short-wave
UV lamp, the UV-5G combines miniature size with
maximum power, making the device portable and
effective. It weighs 11 oz. Applications include the
UV sanitizing of disease-causing microrganisms
and UV degradation studies.
paul.perillie@spectroline.com

Optical Sensor Module

AMS AG offers the TMD3700 optical sensor mod-
ule for color, ambient light and proximity sensing.
The small 4 X 1.75-mm footprint has a height of

1 mm for next-generation mobile phones with tight
layouts and mechanical design constraints. A wide
45° field of view, an ambient light sensing accuracy
of =10 percent and an operating range of 200 mlux
to 60 klux behind dark glass enable smartphones
to measure the surrounding light environments and
automatically adjust display color and brightness
for optimal viewing. The TMD3700 color sensor
channels have UV- and IR-blocking filters and a
dedicated converter allowing simultaneous data
capture necessary for accurate measurements.
The combination of photopic color and ambient
light sensing enables smartphones to perform real-
time adjustment of display properties such as white
point, color gamut and color saturation.
darrell.benke@ams.com

Measurement Card

Anritsu Co. has announced a 40/100-G measure-
ment card option that expands the analysis capabil-
ity of its Network Master Flex MT1100A optical
transport tester. The module supports the genera-
tion and measurement of 100-GbE signals using

RS-FEC, OTN, SDH/SONET, Ethernet and other
technologies. The Network Master Flex MT1100A
can be used by engineers and field technicians to
ensure transport equipment, core networks and
data centers operating up to 100G are in compli-
ance with the RS-FEC standard. The Advanced
Module MU110013A has various clock outputs at
the CFP2 port to verify optical module quality. The
module provides the ability to encode/decode IEEE
802.3bj RS-FEC for 100 GbE transport, as well as
correctable/uncorrectable errors for threshold FEC
tolerance testing.

kim.collins@anritsu.com

Transceiver

Fiberstore has announced the SFP-10G-SR
Compatible 10GBASE-SR SFP+ 850-nm, 300-m
DOM Transceiver from Cisco Systems Corp. Every
transceiver is individually tested on a full range

of equipment. It is a cable choice for data center,
enterprise or service providers, and is compatible
with Cisco, Arista, Juniper, Dell, Brocade and other
brands.

sales@fs.com

Scan System

Scanlab AG has released the basiCube 10 scan
system, optimized for use with 532-nm green
laser light. The system is ideal for laser marking
applications, laser-based glass engraving and the
processing of precious metals, silicon wafers and
other materials that respond poorly to typical IR
wavelengths. It also enables the generation of fine
contours by focusing to very small spot sizes while
simultaneously maintaining excellent beam quality
and low heat development. The device allows
engraving 3D shapes inside a glass body or welding
copper wires directly onto the silicon substrates of
integrated circuits. Applications include medical
products, decorative items and semiconductor
components.

info@scanlab.de

Microscope Stage

Prior Scientific Inc. offers the H112 microscope
stage, featuring a travel range of more than

300 X 300 mm. The H112 is fully compatible with
a wide range of microscopes and can accommo-
date wafers with diameters up to 12 in. or samples
up to 25 kg in weight. It also works with many robot
arm wafer loaders. The transmitted light area al-

lows transmitted and reflected light applications to
be performed. The large area scanning capability of
the H112 stage is precise with a minimum step size
of 0.04 um and a repeatability of = 0.7 ym. The mi-
croscope stage is ideal for the accurate and precise
scanning of semiconductor wafers, photo masks,
flat panel displays and printed circuit boards.
info@prior.com

Elemental Spectrometers

Spectro Scientific Inc. has introduced the
SpectrOil 100 series of elemental spectrometers,
providing quick, laboratory-precise measurement of
elemental concentrations in a variety of fluid types.
The SpectrOil 100 series eliminates the delay and
expense of off-site laboratory analyses, as minimal
training is needed to operate the system. The
analysis process involves no sample preparation or
use of solvents or gases, reducing cost per sample,
and the spectrometers’ 30-s analysis time provides
immediate, simultaneous multielement results. The
SpectrOil 110 provides a basic engine wear pack-
age, while the SpectrQil 120 includes standard and
extended range packages with wear metals, cool-
ants, fuels and custom application options.
www.spectrosci.com

Line Scan Cameras

JAI AS has announced two new high-speed, mono-
chrome line scan cameras for its Sweep series.
The SW-4000M-PMCL model is equipped with a
4-K CMOS monochrome line sensor, delivering a
scan rate of up to 200 kHz. The SW-8000M-PMCL
features an 8-K CMOS line sensor delivering a
scan rate of 100 kHz. Both cameras are available
with an F-mount and M42 mount. Eight- and 10-bit
data output is handled via a Camera Link Deca
interface.

camerasales.emea@jai.com

Integrated Sphere Source
Gooch & Housego has announced the OL 455-

PHOTONICS) VEDIA

Request info about these products at Photonics.com/rsps

November 2016 Photonics Spectra 69


http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=69&exitLink=http%3A%2F%2Fwww.Photonics.com%2Frsps
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=69&exitLink=mailto%3Apaul.perillie%40spectroline.com
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=69&exitLink=mailto%3Adarrell.benke%40ams.com
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=69&exitLink=mailto%3Akim.collins%40anritsu.com
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=69&exitLink=mailto%3Asales%40fs.com
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=69&exitLink=mailto%3Ainfo%40scanlab.de
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=69&exitLink=mailto%3Ainfo%40prior.com
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=69&exitLink=http%3A%2F%2Fwww.spectrosci.com
http://www.photonicsspectra-digital.com/photonicsspectra/november_2016/TrackLink.action?pageName=69&exitLink=mailto%3Acamerasales.emea%40jai.com

PEAK

BETWEEN YOUR EYE
R AND THE OBJECT

DEAK ALL ABOUT OPTICS

We are producing lenses, prisms,
glasses, measuring instruments,
according to specifications by
individual customers.

TOHKAI SANGYO CO., LTD.
316-13 YUSHIMA, BUNKYO-KU
TOKYO, 113-0034 JAPAN
TEL: 81-3-3834-5711  FAX: 81-3-3836-0097

STATEMENT OF OWNERSHIP
MANAGEMENT AND CIRCULATION
OF PHOTONICS SPECTRA
September 30, 2016
(This statement is published in compliance
with the Act of October 23, 1962)

Published monthly.
Publisher: Karen A. Newman
Managing Editor: Michael D. Wheeler

The owners are Thomas F. Laurin and Ralph

Cianflone, 100 West Street, PO Box 4949,

Pittsfield, MA 01202-4949.

Known bondholders, mortgagees and other security
holders owning or holding 1 percent or more of total
amount of bonds, mortgages or other securities: None.
The average number of copies of the publication

during the 12 months preceding the date shown above
are: Printed - 66,350; paid and/or requested subscrip-
tion by mail - 40,623; total paid and/or requested
circulation - 40,623; free distribution by mail, carrier

or other means, samples, complimentary and other

free copies - 23,187; total nonrequested distribution -
24,041; office use, left over, unaccounted, spoiled after
printing - 1,686; requested and paid electronic copies
- 31,296; percent paid and/or requested circulation
(both print and electronic copies) - 75%; total above

- 95,960. Actual number of copies of single issue pub-
lished nearest to filing date: Printed - 68,469; paid and/
or requested subscription by mail - 43,891, total paid
and/or requested circulation - 43,891, free distribution
by mail, carrier or other means, samples, complimentary
and other free copies - 23,142; total nonrequested
distribution - 23,742; office use, left over, unaccounted,
spoiled after printing - 836; requested and paid elec-
tronic copies - 28,167; percent paid and/or requested
circulation (both print and electronic copies) - 75%; total
above - 95,800.

| certify that the above statements made by me are cor-
rect and complete.

Thomas F. Laurin

President

70 Photonics Spectra November 2016

new products

—
&

6KSA Elongated Integrating Sphere Source. The de-
vice features an elongated sphere design to reduce
the nonuniformity by a factor of 10X. An aperture
drive design increases accuracy while shortening
the seek time for finding a specific luminance tar-
get. A heated monitor detector holds the detector
at a steady temperature to reduce settling time and
nonlinearity as luminance rises or falls.
orlandosales@goochandhousego.com

Laser Modules

1I-VI Inc. has announced laser diode modules, VIS
and near-infrared lasers, narrow line-width lasers
and Q-switched lasers. A 9xxnm fiber-coupled diode
laser offers output powers from 140 to 300 W. The
module is a single-emitter cascaded design that
allows higher output powers with increased wall
plug efficiency and simplified thermal management.
A 1060-nm single-mode laser diode seed module
delivers kink-free powers of up to 1.5 W in ns pulse
operation, enabling fiber laser systems with highly
efficient pulse amplification and improved frequen-
cy conversions. A new line of high-power multibar
stack laser diode modules is also available.
info@II-Vl.com

Vacuum-Compatible Beam Expanders
Optical Surfaces Ltd. has announced vacuum-
compatible beam expanders for high-power laser
applications. The expanders are aspheric mirror-

based devices offering either beam expansion or
reduction capabilities. Incorporating high precision
off-axis mirrors, they provide an unobstructed
output and highly efficient transmission and can be
used with collimated polychromatic light without
the need of any fine focus adjustment. Available

in a wide range of fixed or variable magnification
configurations, the beam expanders are designed
to be easy to use for accurate, unobstructed expan-
sion and contraction of any collimated input light
source. Manufactured to >5 \ surface accuracy,

the expanders feature an off-axis design that pro-
duces no central obscuration. Efficient transmis-
sion is obtained, unspoiled by spider diffraction
patterns. The devices incorporate smooth-running
mechanics that do not require lubrication, optical
designs that avoid use of glues and cements that
might outgas, and sandblast-finished metalwork
that eliminates stray light without the need for
anodizing.

sales@optisurf.com

Servo Controller

Physik Instrumente LP offers the E-873.3QTU
three-axis digital servo controller for miniaturized
precision positioning and handling tasks. The
device complements the size of the ultracompact
positioners it controls, has integrated power ampli-
fiers and an integrated interpolator, and is macro-
programmable for stand-alone functionality of each
channel. The controller is equipped with a data
recorder for high-speed tracing, ID chip compatibil-
ity for quick startup, on-the-fly parameter changes,
and exchange of system components without reca-
libration. Applications include precision alignment
and automation, photonics, bionanotechnology,
metrology, microscopy, and micromanipulation.
info@pi-usa.us

Lidar Module

Invisage Technologies Inc. has announced the
Spark Micro-LiDAR SML20 module. The previously
announced Spark4K 13-MP, 1.1-um NIR sensor en-
ables the SML20 module to sense structured light
patterns with high acuity at a range of 20 m, even
in direct sunlight, allowing drones to self-navigate
at a much higher speed. With a sensor module of
8.5 X 8.5 X 4.5 mm, the device is ultralight, com-
pact and low power. The SML20 is ideal for drones
and other mobile autonomous devices that require
a lighter, more power-efficient alternative to con-
ventional lidar without the limitations of ultrasonic
and stereo-camera depth sensing systems.
jennifer.lillie@invisage.com

Optical Modules

Finisar Corp. offers a new family of 100-Gbps
optical modules, extending communication reaches
in modern enterprise and hyperscale data center
environments. Based on the QSFP28 form factor,
the comprehensive portfolio includes an eSR4 ex-
tended short reach transceiver designed for 200-m
reaches, an eCWDM4 extended coarse wavelength
division multiplexing transceiver for 10-km reaches
and an eLR4 extended long reach transceiver for
20-km reaches, each operating using four 25-Gbps
channels.

sales@finisar.com

LED Luminaire Measurement System
Ophir Photonics Group has released the
FluxGage LED luminaire measurement system.
The FluxGage system uses solar panels as the
light detector, measuring flux, color and flicker to
evaluate the performance of LED-based products.

Request info about these products at Photonics.com/rsps
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The all-in-one photometric test system uses 2 pi
geometry. A spectrometer is incorporated for color
measurement of the spectrum, correlated color
temperature, color rendering index, deep UV and
chromaticity. There is also a fast photodetector for
flicker measurements. No fibers are needed. The
measurement system is three times smaller and
costs less than equivalent integrating sphere prod-
ucts. It is designed for R&D use during develop-
ment and production for incoming inspection and
quality control of new and replacement parts.
sales@us.ophiropt.com

2D Material Growth Process

Oxford Instruments PLC has announced MoS,
growth process using the Nanofab nanoscale
growth system. Single-layer MoS, is a direct band-
gap semiconductor with wide-ranging applications
in optoelectronics such as LEDs, photovoltaics,
photodetectors and biosensors, while multilayer
MoS, is an indirect band gap semiconductor for
digital electronics. The process was developed on

a Nanofab system equipped with precursor delivery
modules capable of delivering a wide range of
liquid, solid and metal organic precursors suitable
for 2D materials growth. Offering growth on a range
of substrates including sapphire and atomic layer
deposition alumina, the system is capable of de-
positing other 2D transition metal dichalcogenides.

www.oxinst.com/mos2

Thermoelectric Modules

Phononic has released the pico-TEC series of high-
performance, solid-state, thermoelectric modules
for temperature control in optoelectronics and
fiber optics.The pico-TECs are manufactured using
advanced automated semiconductor fabrication
technology, providing superior performance and
reliability with ultrathin form factor flexibility. A
device height of less than 0.7 mm with a typical

AT max of 65 K and a Qc max of 25 W/cm2 or more.
In addition to the ultrathin and ultrasmall footprint,
the pico-TECs offer accurate temperature control,
reduced power consumption and application-
specific design options.

www.phononic.com

Optical Engines, Transceiver Solutions
Ranovus Inc. has released a highly scalable Opti-
cal Engine and 200-Gbps CFP2 optical transceiver
solution for the data center interconnect market.

A multiwavelength subsystem based on a single
quantum dot laser source is capable of generating
multiple wavelengths simultaneously. Ring
resonator-based SiP modulators provide an effi-
cient wavelength to modulate a wavelength-division
multiplexing optical signal without multiplexing or

demultiplexing architectures. The company’s opti-
cal engines and modules offer a disruptive value
proposition in attaining the lowest-cost connectivity
solutions compared to Coherent-based and other
Direct Detect solutions.

mike@louvanpr.com

Micro-Intradyne Coherent Receivers
NeoPhotonics Corp. has released a sampling

of HB Micro-ICRs, or Class-40 High-Bandwidth
Micro-Intradyne Coherent Receivers, capable of
supporting 64-Gbaud symbol rates, which is double
the bandwidth of standard 32-Gbaud ICRs. The HB
Micro-ICR supports higher order modulation up to
64 QAM, which when coupled with NeoPhotonics
ultra-narrow linewidth, external-cavity Micro-ITLA
laser, can achieve 600 Gbps over Datacenter Inter-
connect distances of 80 km. The HB Micro-ICR

is designed to support the Optical Internetworking
Forum Implementation Agreement for Micro-
Intradyne Coherent Receivers. The HB Micro-ICR
form factor is designed to fit into both CFP2-ACO
and CFP-DCO pluggable modules.

1 hot

[§ p onics.com

Underground Cable Terminal

OFS Fitel LLC has announced the SlimBox Un-
derground Terminal used to connect distribution
cables in the outside plant network to drop cables
in FTTx networks. The SlimBox Underground Termi-
nal enables quick and easy connections through
drop cables with fusion splicing, splice-on connec-
tors or mechanical connectors. It has one area for
storage and splicing, as well as a separate area for
the management and activation of subscribers. The
mechanical sealing system supports round drop
cables, making the terminal well-suited for both
underground and aerial applications. The terminal
can be configured with fusion splices, and spliced
and connectorized drops. It can also house two fac-
tory connectorized 1 X 8 splitters, a single factory
connectorized 1 X 16 splitter, and unconnectorized
splitters.

shsalyer@ofsoptics.com

Photodiodes

First Sensor AG offers the Series 9.5 Avalanche
Photodiodes, featuring increased sensitivity in
the near-IR wavelength range up to 950 nm. Due
to its fast rise time and very low dark current, the
photodiodes are ideal for applications with low
light intensities and high modulation frequencies

such as laser rangefinding and laser scanning. The
slow increase of the amplification with the applied
reverse bias voltage of the Series 9.5 allows for
easy and precise adjustments of high gain factors.
They provide a quantum efficiency of >80 percent
in the 730- to 930-nm range and have the option of
equipping different band-pass filters. The very flat
leadless ceramic-carrier surface-mount package
is suitable for reflow soldering in industrial printed
circuit board assembly. Other housing options are
available upon request.

tachnical Pr—ry
1 press@rirst: .com

Spectrometer

Avantes BV has released the AvaSpec-HERO spec-
trometer based on a high-sensitivity compact opti-
cal bench. The device features USB3 and Ethernet
with a high aperture, a cooled back-thinned CCD
detector and low noise. The instrument is equipped
with thermoelectric cooling, enabling long integra-
tion times in low-light applications. A selection of
gratings and replaceable slits offer configuration
for a wide range of applications in the 200- to
1160-nm range. Applications include fluorescence,
Raman and absorption, among others.
info@avantes.com

Image Sensors

ON Semiconductor offers the P3 versions of

the Python 1300 and 5000 image sensors, with
half the frame rate and data ports of the original
models. The Python 1300 achieves 105 fps with
2 LVDS ports, while the Python 5000 achieves
100 fps with 4 data ports. The P3 models can be
adapted to affordable camera models with high
image quality at a 4.8-um pixel size, high sensitiv-
ity, dynamic range and low noise, as well as CMOS
technology. Customers with barcode and inspec-
tion tasks in the food industry, as well as traffic
applications, can benefit from these sensors.
info@framos.com

LED Driver

GlacialPower has announced the GP-HS35P-48CA
LED driver with a rated power output of up to 33.6 W
for LED lights from 33 to 48 V. The driver offers
energy-saving features and a smooth output wave-
form with low distortion. It closely follows European
Union and other directives for safety and energy ef-
ficiency. The nominal input voltage range is 100 to
277 VAC with a maximum input range of 90 to 305
VAC. With a compact, durable design that avoids
common maintenance issues, the IP67-rated LED
driver is ideal for interior and exterior applications.
sales@GlacialTech.com

PHOTONICS) VEDIA

Request info about these products at Photonics.com/rsps
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® Happenings

NOVEMBER

14th European Short Course on Time-Resolved
Fluorescence Spectroscopy (Nov. 7-10) Berlin.
Held by PicoQuant GmbH and the Center of
Fluorescent Spectroscopy. Contact PicoQuant,
+49 30-6392-6929, info@picoquant.com;
www.picoquant.com.

@ VISION (Nov. 8-10) Stuttgart, Germany.
International trade fair for machine vision. Contact
Messe Stuttgart, +49 711-18560-0, info@messe-
stuttgart.de; www.messe-stuttgart.de/en/vision.

® Neuroscience (Nov. 12-16) San Diego.
Presented by the Society for Neuroscience. Contact
+1 202-962-4000, program@sfn.org; www.sfn.org
annual-meeting/neuroscience-2016.

® OSA Light, Energy and Environment
Congress (Nov. 14-17). Leipzig, Germany. Contact
+1 202-416-1907, custserv@osa.org; Www.0sa.
org/en-us/meetings/osa_meetings.

® OSA Fourier Transform Spectroscopy
Conference (Nov. 14-17) Leipzig, Germany.
Colocated with OSA Light, Energy and Environment
Congress. Contact +1 202-416-1907, custserv@
0sa.0rg; www.osa.org/en-us/meetings/
osa_meetings.

® FABTECH (Nov. 16-18) Las Vegas. Contact
+1 888-394-4362, information@fabtechexpo.com;
www.fabtechexpo.com.

Aggregation Ind d Emission Conference
(Nov. 18-20) Guangzhou, China. A Faraday Discus-
sion of the Royal Society of Chemistry. Contact
RSC, +44 0-1223-43-2254/2380, adam.kirrander@
ed.ac.uk; www.rsc.org/events/detail/19001.

DECEMBER

® Cell Biology 2016, ASCB Annual Meeting
(Dec. 3-7) San Francisco. Contact The American
Society for Cell Biology, +1 301-347-9300,
aschinfo@asch.org; www.ascb.org/2016meeting.

NANOP 2016 (Dec. 7-9) Paris. Nanophotonics
and Micro/Nano Optics International Conference.
Contact +33 6-16-68-24-85, nanop2016@premc.

PAPERS

OSA Biophotonics Congress: Optics in the Life Sciences (April 2-5) San Diego

Deadline: Abstracts, Nov. 29

The Congress is a group of meetings to report on progress in the development and

application of instrumentation, bringing together industry leaders whose work is making
significant advances in biological and medical research utilizing optical technologies.

Papers are invited for the following meetings: Bio-Optics: Design and Application; Novel
Techniques in Microscopy; Optical Molecular Probes, Imaging and Drug Delivery; Optical
Trapping Applications; and, Optics and the Brain. Contact: OSA Technical Papers staff ,+1 (202)
416-6191, cstech@osa.org; www.osa.org/en-us/meetings/osa_meetings

SID Display Week (May 21-26) Los Angeles

Deadline: Abstracts, Dec. 1

Society for Information Display’s Display Week 2017 comprises augmented and virtual reality,
digital-signage display solutions, display materials and processes, and wearable displays.
Submissions are solicited on display technologies for AR and VR systems; 3D sensing and
imaging technologies; spatial tracking, localization, mapping and navigation techniques;
end-to-end system integration; LED implementations leveraging flip-chip and chip-on-board
solutions; automated and programmed color uniformity and calibration; down-conversion
materials including quantum dots; OLED materials processing; nanofabrication; wearable
applications; among others. Contact the Society for Information Display, +1 203-502-8283,

jbuckley@pcm411.com; www.displayweek.org.

SPIE Optics + Photonics (Aug. 6-10) San Diego

Deadline: Abstracts, Jan. 23

This meeting will present the latest research in optical engineering and applications, nanotech-
nology, sustainable energy, and organic photonics. Abstracts will be accepted for

four conferences: NanoScience + Engineering, with topics including metamaterials, graphene
and spintronics; Solar Energy + Technology with topics including photovoltaics, thin-film solar
technology and solar fuels; Organic Photonics + Electronics including OLEDs, OFETS, OPVs

and perovskites; and, Optical Engineering + Applications, which will include the topics optical
design and engineering, astronomical optics and instrumentation, and remote sensing.
Contact: SPIE, +1 (360) 676-3290, customerservice@spie.org; http://spie.org/

customerservice@spie.org; www.spie.org/
conferences-and-exhibitions/photonics-west.

® SPIE BiOS (Jan. 28-Feb. 2) San Francisco.
Colocated with SPIE Photonics West. Contact
+1 360-676-3290, customerservice@spie.org;
www.spie.org/conferences-and-exhibitions/

org; www.premc.org/nanop2016/.

MediSens 2016 (Dec. 13-14) London. Presented
by Sense Media Events. Contact +44 0-208-133-
5116, enquiries@medisens-conference.com;
www. medisens-conference.com/.

SEMICON Japan (Dec. 14-16) Tokyo. SEMI Japan
Customer Service, +81 3-3222-5988, jcustomer@
semi.org; www.semiconjapan.org.

JANUARY

A3 Business Forum (Jan. 18-20) Lake Buena
Vista, Fla. Contact AIA Advancing Vision & Imaging,
+1 734-994-6088, info@a3automate.org;

www. a3automate.org/events/a3-business-forum/.

® SPIE Photonics West (Jan. 28-Feb. 2)
San Francisco. Contact +1 360-676-3290,

photonics-west/bios-expo.

FEBRUARY

® Advanced Manufacturing Expo

(Feb. 7-9) Anaheim, Calif. +1 (310) 445-4235,
UBMCanonConferences@ubm.com; www.anaheim.
ubmcanon.com.

MedTechWorld MD&M West (Feb. 9-11)
Anaheim, Calif. Contact UBM Canon, +1 310-445-
4235, ubmcanonconferences@ubm.com;
www.mdmwest.com.

@ Laser Additive Manufacturing Workshop
(Feb. 21-22) Houston. Contact Laser Institute of
America, +1 800-345-2737 (from within the U.S.),
+1 407-380-1553 (international), lam@lia.org;
www.lia.org/conferences/lam.

SPIE Advanced Lithography (Feb. 21-25)

San Jose, Calif. Contact SPIE, +1 (360) 676-3290,
customerservice@spie.org; http://spie.org/
x10942.xml.

Photoptics Fourth International Conference
on Photonics, Optics and Laser Technology
(Feb. 27-29) Rome. Contact Photoptics Secretar-
iat, +351-265-520-185, photoptics.secretariat@
insticc.org; www.photoptics.org.

MARCH

PIC International Conference (March 1-2)
Brussels. The Photonics Integrated Circuits
Conference is colocated with the Sixth CS Inter-
national Conference focusing on the compound
semiconductor industry. Contact Angel Business
Communications, +44 0-2476-718-970, info@
picinternational.net; www.picinternational.net.

©® AERODEF Manufacturing (March 6-9)

Fort Worth, Texas. Contact SME +1 800-733-4763

(U.S. and Canada), +1 313-425-3000 (outside U.S.
and Canada), service@sme.org; www.aerodefevent.
com.
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Greek mythology is filled with ref-
erences to an “invisibility cap” worn on
occasion by Hades, Hermes and Athena
that gave the wearer the power to become
invisible. And today, legions of movie-
goers are familiar with the title character
of the Harry Potter series donning an “in-
visibility cloak” for all sorts of mischief.

Yet despite being the stuff of fiction,
researchers have been intrigued with de-
veloping a real-world version of an invis-
ibility cloak that would have all sorts of
viable uses, from allowing pilots landing
a plane to turn the cockpit floors transpar-
ent or surgeons who could use this form
of optical camouflage to see through their
hands and instruments during surgery.

A research team from Michigan Tech-
nological University (MTU) is one step
closer to “building” a cloak of invisibility
with the help of photonic crystals.

Initially, to create such a cloak,
researchers turned to metamaterials —
synthetic composite materials that exhibit
properties not usually found in natural
materials, especially a negative refrac-
tive index. However, the resonant nature
of metamaterials made the invisibility
phenomena difficult since they require
homogenization and experience inter-
resonator coupling.

Dielectric photonic crystals, with in-
herent insulating properties, can be made
practically lossless up to optical frequen-
cies. They promise wider bandwidth, are
free from homogenization and coupling
problems, and allow for spatial dispersion
of the cloak medium, which is required
for accurate wave manipulation. In short,
the waves move faster in the dielectric
photonic crystal than in air, and the waves
pass through the cloaked object, creating
the illusion of invisibility.

Elena Semouchkina, MTU associate
professor of electrical and computer engi-
neering and adjunct professor at Penn-

An invisibility cloak
for the non-magical world?

A light wave moves faster in a photonic crystal than in air, and passes through the cloaked object.

sylvania State University, and her team
discovered that by varying the size of

the dielectric atoms in crystals and their
permittivity — the measure of how an
electric field affects and is affected by a
dielectric medium — superluminal phase
velocities of waves can be achieved.
Simply stated, the waves will move faster
than the speed of light.

“By adjusting the lattice constants in
such crystals properly, it is possible to
control their refractive indices in a wide
range. Then, building the cloak medium

from fragments of crystals with various
lattice constants can be used for obtain-
ing spatial index dispersion requested by
the transformation optics for cloaks,” said
Semouchkina.

In her work, she has used metama-
terials composed of dielectric materi-
als. Later, she took another approach
to cloaking objects using multilayer
coatings formed from ordinary dielec-
trics. Semouchkina even proposed a cloak
composed of specially designed dielectric
lenses. She has found that “incorporation
of dielectric photonic crystals can make
devices with superior functionalities a
reality at frequencies ranging from micro-
waves to optics.”

Semouchkina’s next goal is to work
out an approach for reliable anisotropy
control — the variable behavior of propa-
gating waves in different directions — in
engineered photonic crystal media. Her
team also plans to extend the approaches
to a larger class of devices using transfor-
mation optics.

While the idea behind invisibility
cloaks remains a magical entity, science
suggests it can be done by simply control-
ling and manipulating the flow of light.

Now you see me, now you don’t.

Autum C.Pylant
autum.pylant@photonics.com
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