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in a tiny
SMD Package.

SMDs. Enabling Automated,
High-Volume Production for

Your Cutting-edge Applications.

Excelitas Technologies is introducing the intelligent, innovative, and
visionary sensor designs that vour unique platforms demand.

But don't just take our word for 1t, Expenence first-hand the performance
benefits of designing with Excelitas” intiovative setisors like our uny, new
high-performance Surface-mount Pyroelectric Infrared Detectors,
Thermaopiles, and Avalanche Photodiodes. Our SMIDs will truly enable
automarted, high-volume production for your cutting-edge applications
including Motion and Presence Detection, Non-Contact Temperature
Sensing, Gesture Recognition, and other 3D Time-of-Flight sensing

applications.

As the inventor and pionecring mnovator in advanced silicon photodetectors
and infrared sensors, we are putting decades of innovation into our focus
on enabling our customers’ success.

Contact us to learn more about our latest sensor innovations,

EXCELITAS

TECHNOLOGIES wiww.excelitas.com
EXPERIENCE THE EXCELITAS ADWVANTAGE f'
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Antomotive fber

Automobiles make the "MOST"

sMew Blog: Phetonics Education Carner use of plastic optical fiber
Plaatic optical fiber (POF) has been usad

Optics worklorce pipeline in automotive netwarking systems since

The changing face of the American ecanamy 1998, spurring introduction of the Media

and education present US optice companies
with & major barrier to growth: lack of treined
workforce. Hare in Aochester, a university

Oriented Systems Transport (IMOST)
standard. Today, car makers
E E and component suppliers

town for sure and the anly city in the world that o cooperate to enable the
affers an assoclata's, bachelor's, adoption of the latest MOST
maeter's, and doctorate in optica, E : gtandard. Meraliko Oteke

lack of talant 5 still the single top
challenge named by manufacturers.
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company because the technology didn't work—
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unintentianally focled himzelfl.
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New Era of Lab Buddy

Put any of these...
...in one of these...
...to do any of these!

10G 40G 100G

800nm to 2200nm
Balanced AFD

Coherent Detection
Freespace Communications
Fiber Non-Linearity

High Level Modulation
Laser Characterization
LIDAR

Modulation Spectroscopy
Modulater Characterization
Multimode

OFDM

OIP3 Measurement
Optical Clocks

Optical Oscillators

Phase Noise Measurement
Phased Array Radars
Photonic ADC’s

Quantum Communication
RIN measurement

Radio over Fiber

Servo APD Gain

...What is your App?

World’s Most Multi-Functional & Versatile O/E Converter Platform!
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119 Silvia Street « Ewing, MJ 08628 USA www.discoverysemi.com Tal » +1 6004341311 Fax « +1 600.434.1317

7/25/2012 3:52 PM



http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

«diors desk — SPACE 1S Still the place

Whather wou surrenderad control of your TV to "The Outer Limita” or vovaged to the final frontier with
“Star Trek,” space has held a vivid grip on our imaginations—and spectroscopy has been along for the
rede. & decade after theae televisson ahowa first aired In the mid-1860s, Voyager 1 was launched with
infrered and ultraviolet spactrometers on board. Thirty-five years later the UV spectrometer (8 stll func-
tioning es the spacecratt heads out beyond the solar syatem.

#s senior editor Gall Overton writes in our cover story, such planetary and deep-space applications of
spectroscopy have demanded rugged designs to survive the emvironment and capiure the data. The re-
zulting spectraometers have been defvering Invaluable information that ranges from the makeup of heay-
enly bodies 1o the performance of optical materials, sensors, and electronics In space (ses page 362

Highly scalable

Photonscs has also been exploring the microcosm and three articles in the issus Sustrate the technalc-
=g avallable to explorers at this end of the scale. Aydogan Ozcan and his colleagues at UCLA descrbe
their wiork to develop & lens-free. on-chip microscope that should find many usas in field applcations {zee
page 583 Christopher Cottan at ASE Optica ahaws how crestive thinking shout optical system deasign
can improve the capture of Auorescence kght in 8 commercial microscopy system wusad for microblology
testing at pharmaceutical manufacturing (see page 47). And contributing editor Jeff Hecht writes about
W. Canard Rakion developments now leading to digital holographic mecroscopes that can display 30 images of living celia

Associale Pubiishes in real time (aee page 53k . Il,r‘ Ir\
Eifilay i Chvef Whatever the scale, photonics clearly continues to enhance - / Qﬁ»L
chutern@penimelcom exlsting applications while enabling new ones. -4 ’L}C‘-' R
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Solutions for ion creation and detection in
mass spectrometry

lon Creation

Son Detection
S { for TOF-MS

for GC/LC/SIMS

lon creation:
= Stable VUV light sources for soft photoionization

lon detection:
e High-speed microchannel plates for TOF-MS
* High-sensitivity electron multiplier tubes for GC-MS, LC-MS, and SIMS

Learn more at http://sales.hamamatsu.com/mass-spec

PHOTOMN IS5 OUR BUSINESS

Toll-free: USA 1-800-524-0504 = Europa 00 §00 800 200 88
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Silver-enhanced silicon nitride LED
is efficient integrated-photonics source

One of the more ditficult problems in creat-
ing slicon (5 photonic dnouits with active
components is that no practical and effi-
cient silicon-based light sources exist (hy-
brid circwits containing germanium-based
or llI-V fight sources can be used instead).
One posible approach, introducing mitro-
men (M) to create SiM integrated LEDs, does
result in light production but is still not very
efficient. A group at Zhejiang University
(Hangzhow, China) is working to remedy
this by adding a layered structure that con-
tains sitver (Ag) islands 50-B0 nmin size,
resulting in the formation of effidency-rais-
g localized surface plasmons.

The researchers created an LED contain-

ing such a structure and compared it to a
similar Si LED that lacked the structure.
Baoth LEDs emitted brozdband electralu-
minescence from 400 ta 700 nm, but the
Ag-tsland LED had an output at 550 nm
that was enhanced by a factor of 14 at

a 25 mA current. In addition, the Ag-
island device could be driven at a current
of more than 40 maA, while the contral
device burned out at 25 mA. The applied
wvoltage was higher for the control device
in these experiments but when the vok-
age was made the same [6 V) for both
devices, the new LED had an integrated

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

Current {ma)
v

2

B o2& B

Voltage (V)

electroluminescence 480 times greater
than the contral device. The current-volt-
apge characteristics of the new device were
quite different, too. Contact Dongsheng Li
af msekds@zju.edu.m

Parallel single-walled CNTs form
high-performance IR photodetector

‘While carbon nanotubes (GNTS) have some properties [hagh infraned absorplion, picosecand
respanze, and ballistic alectron iransport) tat could make em excel for I photodatection,
thisy ane difficult to handis and fix in place in large quantiSes. Ressarchers al Paking Uniarsity
{Bsiiieg, Chirta] and Duke Univarsity (Durham, NC) have came up wilh & geometry that allows
for karge numbers of single-walled CNTs to be both held in place and sasily dectrically con-
tacted at bo® ands of the nanolubas. In tha setup, many parabal semicondwcting CHTS lay fat
in & pasition normal i the incaming IR lght drection on a silicen (Siysiicon diaxide (S0, sub-

/

CHTS  pasnaA

shrate; thie CNTS are contacied an masse
orione end by & palladium (P} slectrode
and the offier end by & scandium (5c)
ulectroda, then encased in PMIAA polymer
Tor duradiility, The Dwo metals have
diffarant work functions, making oheic
contacts with the valence and conduction
bands of the CNTS, respactivaly.

Many paraliel inlerdigitated] siechmde fin-
{gers can aliow the craation of a larger dete:-

1o aresy; for arnpie, 10« 20 (. Thit prolotyne detacior fad 3 responsndly of 9,87 = 10°° AW and
a citactivity grestar Bian 107 cmeHe =W for ko al 785 nim. Inoessng Bie CNT count and the qual-
ity of i CNTS could bocet these numbars 10 10 mA/W and 10° creHz" W, respactivaly, sy th
nesarchers. Contict Sheng Wang alshengewang@pkuedl o,

Lasar Foous World www.laserfocusworld.com

Femtosecond-laser
wet etch forms low-cost
microlens arrays

Polymer micro-optical elements or mi-
crolens arrays are typically fabricated
using photaresist reflow, photolithogra-
py, and LIGA methods that require ex-
pensive masks and complex processing
steps, or by maskless inkjet and self-as-
sembly processes that imit lens quality.

A modified laser-direct-
writing process creates
glass microlens masters.

And while laser-direct-writing process-
es such as two-phaton-polymerization
(TPP) produce high-quality arrays, the
point-by-point fabrication process i ex-
tremety slow. Researchers at Xi'an Jiao-
tong University (xi'an, Chinal, however,
have created a modified laser-diract-
writing process that rapidly creates high-
quality glass Femiusmeen et un e e

duly 2012 9
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From Q]ti-Reerctive Coatings

OptoSigma has been a lzader in thin Tilm coatings, opto-mechanics, manual and Solutions for:
motarized positioning components and optical components for more than 15 + Research
years. We're committed to providing unrivalled senvice and engineering insight « Davelopment
for our customers an every product we offer. Our global manufactunng prowess « Prototyping
enables us to offer the best selection from stock while handling custom arders of = Testing

all types and guantities. Discover why thousands of customers workdwide rely an « Production

OptoSigma as their first source for optics and hardware.
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oom Beam Expanders

m~between

Contact us today for a quote:
* DEM volume quantity capabilities
+ Thin Film Coatings and

Sub-Assembly _ Your first source for optics and hardware
» Customn products o ready-to-ship Contact us for a free catalog:
inventony 049-851-5881

Wi OptoSigma.com
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Fiber-optic Cerenkov radiation sensor
gets dose for proton cancer therapy

In praton therapy, a beam of protons is
used to iradiate cancerouws tissue, damag-
ing its DMA and ultimately eliminating the
cancer cells. Comventional dosimetry for
proton therapy imvohes a scintillator, which
is less than ideal because protons can tem-
porarily damage (quench) the

ing fiber-optic Cerenkoy radiation sen-
sor, with the Carenkov radiation mea-
sured by a photomultiplier tube, has a
linear dose measurement as a function

of dose, as determined using a 7-cm-di-
ameter, 180 MeW proton beam measured

ll:lll:ln light yield {a.u.}

scintillator's organic molecules;
the result & that complicated

+ ieasured data

formulas must be wsed to cor- - VU - »

rect for the scintillator's out- el E g

put errors. As an alternate ap-

proach, researchers at Konkuk 5 6 i

University {Chungju, South Ko- ¥=0.164x

rea) and the National Cancer  0.4f i bl o

Center (Goyang, South Korea) a3

are using the Cerenkow radia- 2

tion produced in plastic fibers - ) ) ) . . |

as a signal. o E E = 5 & ?
Dose rate (Gy/min)

Cerenkow radiation occurs
when a charged particle travels through
a medium at a speed faster than the
speed of light in the medium. Itis not
generated from scintillation, and is not
guenched (in this case, it is actually gen-
erated by secondary electrons produced
by the proton’s passage). The result-

at a depth of 15 cm in water {1 Gy =1 W
kg). The researchers are working on using
shorter lengths of fiber for higher spatial
resolution, and note that the technique
can be used for dosimetry of other heavy
partickes used in cancer therapy. Confact
Bongsoo Lee af belee@hkhu.ac k.

B 50 pm
—

Fusskicand ot Yo pige 8
microlens masters that can be used to
replicate polymer arrays.

In the process, an 800 nm ultrafast la-
ser delivers intensity- and time-controlled,
carefully arranged, individual pulses to a
glass slide that is then subjected towet-
etch processing. The laser pulses change
the physical and chemical properties of
the glass in the focal spots, and the wet-
etch processing that follows carves out
4 unigue microlens array pattem. An
80-pm-diameter glass maold with maore
than 16,000 concave structures can be
fabricated in |ess than three hours, improw-
ing significantly an TPP processing and
enabling a variety of different glas “mas-
ter” shapes such as circular, rectangular,
diamond, and octagonal designs. Contact
Feng Chen at chenfeng@mail «jtu.edu.on.

www. laserfocusworld.com Laser Foows World
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Exploit
Technologies
A*STAR

Flexure-Based Electromagnetic

Linear Actuator (FELA):

A breakthrough in precision technology
that eliminates the millimetre-range barrier

Travell

good for

A big challenge for industries such as the elecironics, semiconductor,
and binmedical sectars is precision aver 8 large workspace. Applications
such as waler positioning or cell-manipulation require fast and accurate
pesitioning within a working range ol & faw millimetres to hundreds
of millimetres.

Currently, Piezoslectric (PZT) actisators have been the most popular chaice
amang the nang-petitioning actustors due to ds large actusting force and
high stiffness. Yeb. limited displacement mases i@ unsuitable to drive a
high-grecision manipulator largeied for a few millimelres of workspace,

Other nane-positioning actualors thal adopled displacemeni-amplification
techniques speh as “inchwarm” clamping through salid-atade PZT ar
magnetestrictive materials elc,, suffer from poor repeatakility, low speed,
and low paylosd.

What is FELAT

The Flexure-Basad Electromagnetic Lineas Actustoror FELA] revolitionizes
the indusiry as a unique nano-pesitioning actwator thal combines an
electromagnetic driving schemes with llexure-based supporting bearings.

FELA breaks through the millimetre-range barrier encownisred by
state-of-the-arl nano-pasitioning &ctustors and pravides superiar nano
metric positioning, large force generation, and high actuating spe=d,

The Singagoce Institute of Manufacturing Technalogy [SIMTech], a research
instifute of Agency for Science, Technology and Ressarch [A*STAR], has
developed a series of FELAs with different sizes that offer a irawelling
range fram Imm lo 20mm, positional resalution from +10 nm, geod fomce
sensitwity of wp to 120N08Amp, fast aciuating speed of at least 100mmizec
and high stiffness at all nan-actuating ases. The smallest diameter of FELA
i% aboul 4%mm, and can be wsed fo woadk an bio cells. Thal is how precise
its mewements are designed 1o be.

Owerall, FELA offers an all-in-gne salution to overcome the curreat
limitatians af nano-pesitioning actuators swch as low payload, repeatabilily,
dizplacements and speed.

Precise yet cost efficient: The FELA advantage

FELA consists of an Electromagnelic {EM) transtator, which is supparted
by flexure-hased hesrings. Taking advantage of the slsstic deflection, such
bearings provide frictioniess motion thal preserves the conlact-less nature
of the EM scheme.

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

+10 nm,

Generally, & comiination of the Lorentz force actuation and the frictionless
hesrings is inadequabte s Laoeniz-farce actuation is well-known fer delivering
& low driving farce. FELA uses & new magnetic configuration bo enhance the
{feece generation by almest 40 percent. Such configuration makes FELA more
efficienl in comparisan o a conventional single-phase Lorentz-lorce acluator
of similar size since anly half the amount of energy is nesded |o generale a
sirn ilar Tonos.

The linear characteristic and high repeatable motion ef a FELA is governed
iy the frictionless nature of flexure-based basrings. Unlike ather frictionless
bearings such as the air bearing, the magnetic bearing, and the hydrastatic’
hydradynamic bearing. these flevure-based bearings do nol require any air’
eleciricalfluid sawce, sensors, or complex conirel algorithm lo function,

High energy efficiency with simple construction as well as mainb=nance
fres and low cost bearngs make FELA & cast-eHective solution o precision
enginesning industriss,

Flexibility of recanfigwratizn

Because Lorentz-lorce actuation has & linear current-farce charactenstic
while the flesure-based bearings offer a lingar force-displacement
characteristic, FELA is designed with the flexibalily ba re-configure its epen
lneg positioning reschstion (i.e. minimum contrallable input current sersus
altpul disglacement),

Recanfiguraticn can be reslized gither by increasing the farce-displacement
characteristic of the bearings or by reducing the currenl-lorce characteristic
of the Lorente-force actuation.

Because il can bes used across & number of industries, Tor nstance in
the electranics, semicenductor, and biomedical sectors, Bexibility of
reconfiguration becomes a key asdvanisge, surpassing existing nanc
positioning  actuaiors by displaying advantages such as prediclable
perloimance, non-hysberesis and linear charsctaristics,

wary, FELA delivers
next-ge

ipudat and bic-me
Devsloped by 2IMTech and cammercialized by Daplait Technologies, the
tech transfer arm of A*STAR, FELA is now available for customization and
licensing. For mare infarmatian, plesse candack lssan Sim sl tech-of{erd@
explait-tech.com.
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Time-reversal of light could improve focusing
and imaging in scattering media

University of Twente (Enschede, the Meth-
erlands), FOM Instrtute of Atomic and
Molecular Physics {Amsterdam, the Meth-
erlands), and Langevin Institute at Ecode
Supérieure de Physique et de Chimie de

la Wille de Paris (Paris, France} researchers
are developing new technigues o improve
imaging and focusing in scattering media
A wave (sound or light) emanating from

a paint source in a scattering medium

will spread and develop a speckle pattern
due to interference of different scattering
patinways. The time reverse—a speckled
wiave converging toward a paint and be-
coming a sngle bright spot—is also pos-
sible due to reciprocity. In ultrasound such
a wave can be created by electronically
recording the outgoing wave and playing
it backward, a method that i not possible
in optics. However, for light it is possible

to directly create a wave that comverges
to a focus by shaping the incident wave-
front using spatial light modulators. In this
case, feadback from a detector at the tar-
et point is wsed to shape the wavetront
properly.

I the past few maonths, the research-
ers say that groups worldwide have
demonstrated many of the extraordi-
nary possibilities of wavetront-shaped
light. including focusing and imaging in
and through turbid media, pulse com-
pression, and spectral selection. Re-
markably, both in ultrasound and light
the forus obtained through a scattering
medium can in some situations be much
smaller than a focus made without scat-
tering, an effect that is being exploited
for microscopy. Contact Allard P Adosk
at a.p.moskutwente.nl.
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The Tamarnsk?, Thermal Cameara
Actual Size

\WWHERE WILL YOU USE IT?

Security, unmanned vehicles, retail analytics and a range of other applications are about

to change. Introducing Tamarisks,,, the first 320 x 240 VOx microbolometer camera of
its kind. Combining 17 pm pixel pitch technology with our patented, advanced absorber
design, the Tamarisk’., delivers unmatched thermal image guality in & package welghing
as little as 30 grams, occupying under 25 em® and drawing as little as 750 mW of power.
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Integrated F-P laser array solves 100G problems

A primary challenge in the 100 Gbit/s or 100G aptical intercon-
nect space is the desizn and manufacture of high-speed, low-
cost lasers that can support the several-kilometer distances of

a large data center, Although widely used at 1 and 10 Ghit/fs,
vertical-cawvity surface-emitting lasers {WCSELs) are not an op-
tion for 1000 systems since their distance is limited to 100 m on
O3 fiber (multimode, 50 pm cone/125 pm daddingl—much
too short to span a large data center.

“The IEEE BO2.3 spedification for 10 km reach, 100GBase LR
(00 Gbit’s, baseband modulafion, long reach) would span almaost
any data center and mare; but this specdfication requires four di-
rectly modulated distributed feedback (DFE} or electro-absarption
(EA) lasers with wave-division multiplexing
(WD) to combine all fowr channeks anto
asingle fiber,” says Arlon Martin, WP of
marketing at Kotura (Monterey Park, CA)L
“The problems with this approach are cost,
power, and size. Due to complexity, these
transceivers cost one hundred times 106
transceivers of similar reach.”

Martin says that customers expecting
next-generation transceivers to transmit
mare bits at & lower cost are disappoint-
od, and cost is not the only concerm: Power pa
consumption & also way too high—20-24 4 up ag
W compared to 1-2 W for 10G. Fmally, the
100G € form-factor pluggable (CFF) package is so large {larger
than an iFhone) that only four of them fit across the face plate of a
19 in. switch, making density wiorse than usng 100 transceivers.

Martin says 100G fransceivers are expensive because of the
stringent requirement for the lasers, which are specified to an
B0 GHz grid {corresponding to roughly 4.5 nm spacings in the
1310 nm region, meaning the laser wavelengths must center ex-
actly at 129556, 1300005, 1304.58, and 130914 nm. In addi-
tion, to allow for multiplexing and system interoperability, only
2.1 nm ot the 4.5 nm window can be used by the laser. Mot
only does the laser manufacturer have to develop high-perfor-
mance 25 GHz lasers to match this unusual grid, they also have
to throw away the distribution of perfectly good lasers that
don't match the grid.

Lasar Foous World www.laserfocusworld.com

A better way
Fabry-Perot (F-P) lasers—ane of the easiest to manufacture—
have a broad lasing spectrum without the complicated, DFB-
style grating and not requiring the EA stage of a multisection
EA laser. These lasers are so small that 10,000 or more fiton a
single indium phosphide (InF) wafer at high yield. However, F-P
lasers usually cannot be used for high-speed data-center appli-
cations because their modulation speed is far too slow and their
lasing modes cannot meet the requirements of a WDM system
But Kotura has developed a new approach that converts a
lowr-cost, F-P style lzser to a high-speed WDM laser for data-
center applications. A laser array is flip-chip bonded onto a sili-

|Waveguide array |

ane Bp-chio-banded onlo a

ion photanics chip and

con photonics chip using an automated pick-and-place machine
and passive alignment (the |asers are not powered on). Using
physical features and alignment marks, the entire array is sol-
dered into place, preciely aligning each laser with its corme-
sponding waveguide on the silicon photonics chip (see figure).
Canversion of the broadband laser spectrum to the predse
WD wavelength requires a grating on each of the waveguides
of the silicon chip. The gratings are imprinted simultaneously
using a photolithographic mask so that each laser has its own
exact grating defined by the silicon process, not by the InP pro-
cess. This means that every laser can be wsed to generate the
required wavelength and almost any wavelength plan can be
accommodated. If more channek are required, then a larger ar-
ray is used and additional waveguides and gratings are added to

duy2ciz AT

7/25/2012 3:52 PM



20 of 80

the silicon chip, allowing expansion from
4 WDM channels to 12 or even 40 chan-
nels on a single chip.

Because Kotura uses a 3-pm-diameter
waveguide that roughly matches the
beam profile of the laser and special
waveguide facets and coatings on the ar-
ray, the need for collimators, lenses, and
double-stage isolators is eliminated, low-
ering costs and simplifying assembly. And
to accomplish the increased modulation
speed of 25 GHz or more, the laseris
operated in CW mad
are integrated into the silicon chip—fast
enough for 100G with four encoded data
streams at 25 Ghit/s each.

The Kotura WDM 1000 engine fits in-
side a compact quad small-form-factor
pluggable (QSFP) package, increasing

d modulators

frant-panel density by more than a factor
: makes the device very bulky and greatly

of 10 to more tham 4.4 Thitds, all while

consuming far less poweer than many CFP 2

solutions at data-center reach lengths of
2 km and more. —Gail Overfon
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ARTIFICIAL RETINAS

Even though age-related macular de-
generation and retinitis pigmentosa
ause loss of ocular photorecephors,

mast of the inner retinal neurons typi-
ally survive for a long time. In addition
to optogenetic-based therapies, meth-
ods to restore sight to the visually im-
paired typically imeolve external cameras
and implanted wired electrode arrays to
stimulate these neunons; however, the
required compaonents are bulky, pisel
density is low, and the delivered image
cannot be scanned naturally by the eye.
Pimel density is much improved in devices
that use photasensitive pixels such as those
from Retina Implant AG (Reutlingen, Ger-
manyl; but again, external power delivery

complicates implantation and maintenance.
I response to these drawbacks, re-

i searchers at Stamtord University (Stanford,

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

CA) and the University of Califarnia, Santa
Cruz have developed wireless, photovalta-
ically driven, subretinal arrays of photodi-
odes to stimulate the inner retinal neurons
that transmit signals to retinal ganglion cells
when illuminated with pulsed near-infra-
red {MIR} light' The scheme eliminates the
nead for complex electronics and wiring
and preserves the natural ink between im-
age perception and eye movemnent.

The retinal prosthesis basically consists of a
miniature video camera to capture images
that are processed by an external computer
and projected into the eye via a near-to-
eye goggle projection systemn wsing pulsad
MIR (830-215 nm) illumination. The image
is focused on the retina, and the subretinal
photodiode array, like any photovoltaic de-
vice, comerts the lght into pulsed photo-

VLOC is a leading global supplier of optical components & sub-assemblies

specializing in meeting the stringent requirements for the military and defense.

VLOC's growth, manufacturing, quality and testing capabilities make us a world
leader in optical and assembly manufacturing.

Our sales team is ready to ass

you with all of your laser optic needs. Contact us at 727-375-VLOC (8562).
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current for neural stimulation at
each pixel location (see figure).
Because ambient light is
much too dim (by at least a
factor of 1000) to photoval-
taically stimulate neurons, the
MIR. laser image projection sys-
temn produces more intense
pubsed illumination that drives
the photodiode array. The
light-induced temperature rise
is kept within the physiological
range of ocular safaty regula-
ticns (less than 1°C) by limit-
ing the average iradiance to

Ultra-broadband
MaxMirror® from
Semrock for

The phatoeolaic retinal prosthesis array is shown

implanted wnder the retina in a rat eye. Higher

magnification views show the array itssllf and a sing
pixel af the mplant. [Courtesy of Staniord Linkversily]
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5.2 m/mm? at the 305 nm
wavelength used in this part of the study.

High-pixel-density arrays

Each 70 pm pixel contains a photodiode
connected to a 20-pm-diameter iridium
onide electrode. Each pixel converts the
received light into a charge-balanced
stimulation pulse. Corresponding pixel
density is about 180 pieel/mm®.

In order to limit the amount of cross-
talk between pixels caused by the com-
man return electrode in current array
designs, one solution is local return
electrodes for each pixel. Three diodes
per pixel are connected in series to
achieve a higher current density. The
triple-diode pixels produce up to 1.5V
at physiologically safe light intensities
and require 3X illumination levels for
the same current output compared to
single-diode pixels.

Laboratory testing using both healthy
and degenerate rat retinas implanted
with both single- and triple-diode arrays
confirmed successful stimulation of the
inner retina, with retinal response influ-
enced by the illumination levels and pulse
durations. Stimulation threshold {peak ir-
radiance) with 4 ms pulses was 0.3 mWWY
mm*—mare than two orders of magni-
tude below the ocular safety limit.

The thin {30 pm) and wireless retinal
implant drastically simplifies the complex-
ity of subretinal surgery. Multiphe modules
can be implanted side-by-side to cover a
larger field of view. Furthermore, the array
is amenable to fabrication on a flexible sili-
con substrate for easier conformity to eye
curvature. —Gail Owverfon

REFEREMCE
1. K. Mathazzan et al., Nat. Photan., 6, 391-357
{2013).

ACPTICAL TWEEZERS

LC allows optical trapping
of high-index nanowires

Optical trapping. which allows trapping
and manipulation of microsoopic particles
using light alone (“optical tweezing™),
has been a boon to bickogists, who can
trap and sort cells, and materials scien-
tists, who can, in just one example, move
micraspherical lenses for direct-write

| nanopatterning. But the required optical

gradient forces typically are of the right
magnitude only when the refractive indi-
s of the particles to be manipulated are
only modestly higher than the refractive
index of the surrounding medium.

A team of scientists from the Univer-
sity of Colorado, the Mational Renewable
Energy Laboratory, and the Mational In-

www. laserfocusworld.com Laser Foows World
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stitute of Standards and Technalogy (all

in Boulder, CO) and the Universty of Go-
thenburg iGoteburg, Sweden) is pursuing
an approach that allows optical manipula-
tion of microparticles with a much higher
refractive index, such as gallium nitride

{GaN) nanowires, whidh have a very high

refractive index of about 2.4 for light at
587 nm." To achieve this, the surounding
mediurm is iquid crystalline (LC); the inter-
action of laser light with the liquid crystal
iwhich has a relatively low index of about
1.5) heads to @ number of effects that can
be exploited for manipulation.

The experimental setup indudes holao-
graphic optical tweezers and a fluares-
cence confocal polarizing microscope
(FCPAA). To farm the optical tweezers, a
512 = 512 spatial light modulator (SLM)
i imaged onto the back-aperture of the
microscope objective. Two objectives
were used, 60X and 100%, both with a
numerical aperture af 1.42.

The GaM nanowires were fabricated
using molecular-beam epitaxy, which
creates wires with a typical length of
about 10 pm and & hexagonal cross-sec-
tion with a width of about 300 nm. Ex-
perimental LC hosts induded nematic
and cholesteric LCs doped with a very
small amount of fluorescent dye to al-
lowr FCPMW imaging without altering the
properties of the LC. Optical manipula-

tion was done at a 1064 nm wavelength,

while imaging relied on excitation at 488
nm and detection in the 505-525 nm
wavelength range.

Nematic LC host
Left by themselves, nanowires in 2 nem-
afic LC host tend to align themsehes

Lasar Foous World www.laserfocusworld.com

A nanowrs i pushad by an oplical e along the ~axis (parpendicular o the plane of these
images), also causing the nanowine o rotale f thmugh el The trap ight is fen bleoked, the
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Flow...
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along the LC direction {which minimiz-
es elastic energy), with a small tilt due
to influance from the surface-rubbed LC
alignment layer. Focusing a kow-pow-

er {less than 35 m\W) laser beam near a
nanowire attracts the wire to the beam;
then, once the wire is trapped, it pushes

the wire along the beam.

Flacing the optical trap at one end of
a nanowire places a torque on the wire
due to scattering, which rotates the wire
out of plane until the torque is balanced
by the LC's elastic torque; remaoving the
torque cawses the wire to rotate back to
its initial position.

Higher optical powers {around 35 miy
or more) cause the local direction of the
LC itself to change, which changes the
elastic forces an the nanowire. The result e
is a repelling force as the wire moves to
minimize elastic free energy. As a result,
a nanowire that stays paralbel to the LC
direction can be translated in a perpen-
dicular direction using a single trap; with
two traps, one stationary and one mov-
ing, the wire can be rotated (at least until
the added elastic energy becomes large
enough to overcome the torque).

Campact Solld State Decigne
Versatile Multl-wavelangth
Laser Englnes

Precielon Single-Mode Fiber
Optic Dellvery

375 —830nm up to 100mwW
Plug & Hun Rellability

Custorn Solutions Dellvered

Cholesteric LC host
Ina cell with two surfaces having par-
allel-rubbed alignment, a cholesteric LC
falls into a helical form that produces a
coupling between a nanowine's position
along the z-axis and its in-plane rota-
tion angle. As a result, as an optical trap
at the center of a nanowire pushes it, the
wire also rotates as it passes along the
hefical structure (see figure).

Conversely, bwo fraps positioned at

the nanowire's ends that cause the wire
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fo rotate also force the wire to move,
screwdike, along the z-axis. The nano-
wire remains parallel in the x-y plane as

it rotates, even if a trap is positioned at
the end of the wire; this is due to elastic
forces preventing the wire from tipping
ftoward the z-axis. Such manipulations ac-
fually allow the researchers to determine
the local “pitch,” or amount of helicity, in
the dholesteric LC.

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

These types of nanowire manipulations
also enable probing disconfinuous choles-
teric LC samples, with wire motions help-
ing to locate discontinuities and charac-
terize the twists and turns within complex
defects. —Jlahn Wallace

REFEREMCE
1. D. Engstrdm &t al, Opl. Exp., 20, 7, 7741
(20121

AASTRONOMY

Multicore fiber becomes
‘photonic lantern’ filter

When fiber Bragg gratings {FBCs) are
weritten into all 120 cores of a multicore
opfical fiber, great things can happen, as
researchers from the University of Bath
{Bath, England), Universidad de Valen-
cia (Burjasot, Spain), and the Waterford
Institute of Technology (Waterford, Ire-
land) knowy. Specifically, such an arrange-
ment can become a “photonic lantern”
filter that serves as an ultranarrowband
line blocker for astronamy.!

Fhotonic lanterns couple the functions
of single-spatial-mode optical devices (in
this case, FBGs) to multimode fiber in-
puts and outputs. To do this, they com-
bine many singlernoede fibers together (or
in some cases, rely on integrated pho-
fonics). Photonic lanterns based on the
combination of many singlemode fibers
with FBGs have been constructed with as
many as 61 identical FBGs, with at least
one already under test with a telescope.?

But these existing photonic lanterns
consist of many identical devices fabricat-
ed separately and then placed in parallel,
spliced to singlemade fiber pigtails. The

new device avoids all this trouble, being
made instead as a single large fiber with
many singlemode cares, all with individ-
ual FBGs that are written in one process.
The two ends of the large fiber are then
tapered to match the input and output
multimode-fiber ports (see figure).

Mode-number matched
For low loss, the fiber device must con-
tain at least as many singlemode cores
as there are modes in the input multi-
made fiber {mote: the singlemode cores
are nonpolarizing, so each actually sup-
ports two polarizations). For bow |oss at
the outgoing end, the output fiber must
suppart at keast as many modes as there
are singlemode cores in the fiber device.
As a result, for input and output fibers
with identical diameters {thus supporting
identical numbers of mades), there is a
certain number of single-mode cores that
minimize mismatch losses: This is called a
mode-number-matched design.

The experimental design, which aper-
ates in the 1550 nm spectral region, con-

Gratings Lows-ndex |acket

fultimode

FHE

fibesr
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fiber conas in & slic
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tains 120 germanium-doped, 3.9-pm-
diameter cores with a 0.22 numerical
aperture and a hexagonal grid spacing
of 16.9 ym, all encased in a 230-ym-
diameter silica fiber.

Single-spectral-notch FBGs were creat-
ed in a single operation using a 244-nm-
wavelength, 100 mW laser beam paszed
through a phase mask with a 1067 nm
period to perpendicularly iluminate the
multicore fiber, which had been hydro-
gen-loaded for two weeks beforehand
under a 20 bar pressura.

The resulting single spectral-loss notch
was at about 15491 nm. Because the
line-canter wavelength for each single-
made fiber core depends on the cone's
diameter, the diamater tolerance of the
cores was kept at 1.3%, which results in
a wavelength spread of 160 pm or less.

The researchers fabricated numer-
ous multicore-fiber samples and tested
the FBG notch depth and notch wave-

length for every core in every sample,
with two of them having a wavelength-
spread standard deviation of 100 and 67
pm, respectively. Samples with stranger
gratings had more wavelength spread,
showing that the spread was due more to
impertect FBG fabrication than to differ-
ences in core diameters.

Because the fabrication process tended
o result in some singlemaode cores not
having FBGs, 2 new multicare fiber was
made with a larger uniform silica outer
cladding, which ensured that the UV light
used to write the FBGs did indeed reach
every singla-mode core, although some
cores were shadowed by ather cores,
thus reducing the quality of some FEGs.

Finally, the multicore fiber was tapered
at both ends to transition to the input
and output multimode fibers. At a small
enough taper, the light leaves the single-
mode cores and bounces around in the

dadding; thus, a lower-refractive-index
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additional outer cladding was added to
the tapers to keep the light confined.

After mounting, a spectral scan was
taken across the region of interest, show-
ing a spectral notch with a depth of about
7 dB. The relativaly small size of the dip was
chaked up to the fact that not 2l FBGs
were of good quality in these first experi-
mental prototypes. The coupling loss be-
tween the test device and the correspond-
ing input and output multimode fibers was
tested and found to be less than 0.5 dB.

In an interesting side note, the re-
searchiers found that a similar device, but
with no FBGs, can serve as an effective
mode scrambler, being far more effective
than an equivalent length of simple mul-
timode fiber. —dohn Wallace

REFEREHTES
1. T A Birks et al, Opd. Ewp., 20, 13, 13996
[June 18, 2012k
I, ). Bland-Hawthaor et al MNad. Comm., 3, 581
[2011].
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Random laser produces

speckle-free images

Random lasars may have a future in im-
aging. A tearn at Yale University (New
Hawven, CT} who last year made random
lasers with bkow spatial coherence has
naw used those low-coherence lasers for
speckle-free imaging. The demonstration
could open the door to new laser appli-
cations in biological imaging, picoprojec-
tors, and cinema projectors.

A byproduct of coherence, laser speck-
le &5 a shifting pattern of bright and dark
zones produced when & laser beam
passes through a scattering medium. it's
tolerable in many laser applications, but
speckle degrades images recorded in laser
light or displayed by laser projectors.

"Speckle is a random grainy pattern,
wrhich is really bad for human perception

Carl Zeiss spectrometer modules

for industrial use

& Family of high precsion flexble sensors
from UV to NIR

®  High sensitivity through optimized eptics
and specialty designed gratings

® Lang tem stability thiough coepact design
s recabibration foe wavelength accuracy

» Bestresults -
Imenediale, orslan, precise

il A LEULTTICY
(£ FIRTT T e

ZEIXX

'Wie make it wisible,

o us al 0&P boath #1028

24  Juyzonz

because you tend to focus on it,” says
Yale physicist Hui Cao. Speckle is a par-
ticular prablem for medical imaging, be-
cause it hides details that dectors need to
see. Even superluminescent sources gen-
erate speckle, so most imaging systems
use incoherent lamps or LEDs despite
their lower brightnesses.

The first to demonstrate random lasing
in a disordered material, Cao has warked
on random lasers for more than a dozen
years. What is unusual about random la-
sers is that they ladk cavity mirrors, and
rely an light scattering from particles dis-
tributed through the laser medium to
sustain oscillation. They have been dem-
onstrated in a variety of materials, includ-
ing laser dyes and semiconductors, but
until last year they always produced co-
herent output.

Speckle and OCT

Cao began exploring ways to reduce co-
herence after talking with Michael Cho-
ma, an imaging spedalist at Yale's medi-
cal school, about the problems speckle
noise caused in his work on optical co-
herence tomography (OCT). “That led
us ta wonder if a random laser could be
used,” Cao says.

With postdoctoral researcher Brandaon
Redding, Cao and Choma explored ways
to reduce coherence of random lasers.
Working with 240-nm-diameter poly-
styrene spheres dispersed in a laser-dye
solution, they explored effects of vary-
ing the density of the light-scattering

A byproduct of coherence,
laser speckle is a shifting
pattern of bright and dark
zones produced when a
laser beam passes through
a scattering medium.
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spheres and the size and shape of the la-
ser medium pumped with 532 nm puls-
5. They found that increasing the pump
area and decreasing the distance be-
tween scatterers increased the number
of laser modes, reducing spatial coher-
ence. The study, published last year, also
showed how to design random lasers to
reduce their coherence.!

a)

After demanstrating incoherent im-
aging with the random laser, Cao says
they want to show they can remave
coherent artifacts from a coherent im-
aging process, OCT, Choma's ariginal
goal. She also wants to develop more
practical low-coherence random lasers,
such as a semiconductor with quan-
fum dots and random air holes, or a

b)

An Air Force resolubian chart is imaped throegh a scattering §lm (placed on the dataction

sade of the turgel] using a random laser as & sowse (@) and a comentional laser as a source

(b i owrrssy of Tale Umversdy)

Mow they report achieving speckle-
tree imaging by tuning their random la-
ser to emit with low spatial coherence.® &
series of experiments compared images
of objects illuminated by their low-co-
herence random laser to images record-
ed with illumination by LEDs, amplified
spontanecus emission, & broadband la-
ser, and a narmowband laser. In all cases
reported, sharpness of the random laser
image was second only to that of the
LED image, and markedly better than
those recorded with amplified spontane-
ous emision or other laser sources.

The results are good news for bio-
medical imaging because brighter laser
SOUCES Open new options, such as imag-
ing abjects that are moving or chang-
ing. “vour light source really defines the
boundaries of what you can do—how
tast you can image,” says Choma. “And
you abways want to go faster.” Speckle-
free lasers also are attractive for laser
projection. Laser movie projectars now
require moving optical elements to av-
erage out speckle; random lasers could
avoid that complexity.

photonic-crystal fiber. And she is think-
ing about ways to adjust random lzsers
5o they are coherent enough to make

a hologram, but not so coherent that
they produce speckle.

Chris Dainty aof the Mational Univer-
sity of Ireland (Gaheray, Ireland) calls the
demanstration "an impressive achieve-
ment,” but cautions that reducing laser
coherence comes at the cost of increasing
beam divergence and reducing bright-
ness. Joseph Goodman of Stanfond Uini-
versity (Stanford, CA) agrees the specile-
free laser is newswarthy, but adds that it
will have to compete with other spedk-
le-reduction techniques such as moving
ditfusers. Goodman has just described
how a stationary multimode fiber could
reduce speckle in large laser projectors *

—leff Hecht
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Patents, projects, and
prototypes pose problems

MILTON CHANG

A br‘x cumpetifor Inrs ll'l.l'e.f d

frivaloas pratent infringement
Taseesuir against ws. Shonld [ file a
petition for seemmary r'uull.l"run'.lz! o
dizeriiss the CdSE, OF II‘i]':' o i fPEPEneil
feur wnfair buesivess practices?

It is very hard to see someone for hil-
ing firigarion; you have o prove mali-
cious prosecution and o do thar you
fiest have to win the suit. And it is ex-
wremely unlikely you'll ger a summary
judgment without significant work be-
canse, in layman’s rerms, thar's like say-
ing you have an argument to end all ar-
guments. Noteveryone will agree with
your opinion when different poines of
view are involved. Even though the
likely ourcome is a sertlement before ic
gous o trial, be prepared wo spend qual-
ity managemens fime to deal with chis
thorny issue for the nexe 12-18 months,

My prowp conepleted a small research
Prll,l'e‘cr Joer J SEAFIRD corm sy O e
wecnths back, Now the company
wants mie o spend tome Llking o
pestors o belp them raise capital,
Huow conld T get compensared with-
onit being taben advantage off

The real issue is thar you feel you were
not adequarely compensated for the
research projecr, Bur whar is in fron
of you is an unrelated issue. The con-
react is history and frankly vou went
in with vour eves wide open. A pro-
fessor asking for compensation for
sharing knowledge or opinion would
be considered bad form because that
15 expected o be pro bono, Consider

Jully 22

talking to the investors as a favor to this company; hopetully the goodwill mighe
retuen some financial benefies to vou ar a fater time. It is cussomary for pro-
fessors to get stock oprions in addition to monetary compensation when they
engage in a Jong-term advisory role, and you can also do consulting work or
take on another research project, which you can price appropriasely.

We bave spent close to 85 willion to develop a working prototype of an wn-
cotpertional solar EHErgY Systei. The cierrent investor will frarid .-'_f'.mn’ r.u?nl_'l'
if e can raise r.'d.rflrlf the r.uﬂlr'n‘.lf tee weed lf.i‘lrrl] other sanrces. We will be
reerterivegg otet of feonds in foar sonths and so far wo fakers. Asy suggestions?
Based on the performance and cost goals you provided, chis could be a break-
theaugh product to serve 2 number of niche markers. Tam not sure how you can
get through che “valley of deach™ given the unfavorable funding environment,
You got vour initial funding five years ago, when investors were hot on energy
generation, Today, even existing solar companies wich substantial revenue are
nor faring well on Wall Street because the price of solar panels has plummer-
cd. Investors now are putting money in web and mobile applicarion startups.

I believe the lack of validarion is a major concern. Investors are defensive; they
tend 1o not believe everything you say. And when in doube, they don’t invest,
It would provide grear comfort o investors if you had a major development
contract from a government agency, a beading investor in the encrgy field whao
s a strong advocate, a few orders from knowledgeable customers, or strong
recommendations from opinion leaders in the energy space. You have none of
thar aside from half-hearted support from your corrent investor.

Given your rime constraint, my secommendation is for vou wo engage ar least
one energy industry insider who is an opinion leadee o provide credibility. Yoo
have o ac fasr. Given the shorr runway, your opportanity is diminishing rapidly
with passing rime. You may want to alse make an incredibly good offer o an
inreresred investor o ger money thar will buy fme. One other oprion you might
want o plan for is an orderly liquidation. Assuming vour rechnology is viable,
rrading whar you have developed for some upside in an established energy com-
pany may vield some benefir for you and your investors. <

MILTON CHANG of Incubic Manasgamant was presdent of Mawport
and Mew Facus. Ha is curmnily director of Precsion Photonics, mBio,
and Aurrion; a trustea of Caltach; o membar of tha SEC Adwesory
Caommitien on Smal ard Emerging Companias; and serves on advisony
boards and mantors entreprenaurs. Chang (s & Felow of IEEE, OSA, and
LL&. Dirgct wour business, management, and carer guesions 1o him at
mikonchang@incubc com, and check ot his baok Toveard
Ertrepransurshp at www mitonchang.com.
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Computer modeling
optimizes thin-film
coating uniformity

WILLIAM H. SOUTHWELL AND JOSEPH E. PEEPLES

Coating uniformity is vital
for high yields in chin-film coaring
fabrication processes, especially as
coaring requirements become righrer
and as production volumes increase 1o

reduce costs and remain competitive,

A new software urility 1ol has been
developed thar models and predicrs
coating uniformity  for  various
sources and planerary mortions. When
chamber configuration geometry
design is insufficient for adequare
uniformiry, masks may be designed
and oprimized o improve coating

uniformity as a funcrion of source
position, planerary gear ratios, and
ather chamber parameters.

Thin-film coating basics

The Fabrication of multilayer oprical
interference coatings is a particelarly
difficulr task. All of the layers must
have unitorm thickness over a single
part and over all the parrs being de-
posited in a single coating deposition
step, especially o obrain the desired
spectral response of a thin-film fler,
for example.! Moss depasition sources

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

will deposit on surfaces with a direce
line-of-sight view of the substrare be-
ing coated. The increment of deposi-
riom thickness in an incremental time
element depends an the length of the
line-of-sight ray and the angle this ray
makes with the source normal and
substrare normal.

Thin-film coating chambers come
in warious sizes and shapes, bur many
are characrerized by boxes with evapo-
rative sources near the foor and plan-
erary mounts rotating above them,
Iringing the substrates in and our of the
depositing plume. Rorating the

b}

e
> ,Tl

=

Solrce
Ot o 2h 00 Py W 2

FIGURE 1. An opbeal coaling chambar ja) includes one or mose plasma sources (here, two

copper-codarad structures in lower parl of the chambaer with ans or more planetanes (e o

shown near the op of the chamber} lor halding the coating substrades. The masks—oftan

proprietary —are nol shown, bul wauld typically be placed up high just below e planetasies

|Cauirdes

of Devdon Vacuum| The chambar geemalry (&) is based on a coondinal

syslam with

origin in the cenlar ol the chamber loar. Cowrfesy of Tabie Wowstain Optics)

Jduly 2012

parts greatly improves the thick-
ness uniformity across all flers
artached w the planerary® Juse
how wniform the varous parts on
the planetary become is a func-
tion of the chamber geometry and
the planetary motion (see Fig, 1),

Achieving good coating uni-
formiry is rypically a lengrhy
iterarive process. Quantitatively
determining uniformiry involves
popularing the planerary with
small samples, peeforming a sin-
gle-laver deposition with enough
thickness 1o have some ripples
in the cransmircance or reflec-
mance spectra, and then spec-
really measuring each parr. The
shift in che wavelength positions
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af the JI|:-|III.' pL'.lls.» [+14 '..I”-\.:}h s a mea-

sute of the coa

th rapidly

Mg Ln mary.

tating planerary

motion, the uniformicy s fo I:u||.1I|.'|_\
radial IL'J.',:I.l'I“.I.'.‘\.:\ of the source distribu-
gican. Uniformit v is ul\.u:l|.|5. nornalized to
‘.II'\.' ceneer ol I|1|.' pi:]nl.'l.'.’u w; that i:\.. thick-
ness across the |1Jnn|:|m). divided l:!n the
thickness ar the center forms the unifor-
WY CLEvVE, With the unifor |'|'|i1}. known,
a mask is ..uufiguud {usually |1}. L'.\|‘l\_'f'|-
insralled, and

the |||'|i|||.|'|'|!u[:. mcasurement s I'\.'_f\I:i.'l'n.'I.I.

ence and trial and eeror

A common mask \I'I|I|'\I.' losoakes Tike
a leaf and is fixed in |\|.:I.LL' under the
1|:|la-'.i|'|p.1 |'-an:r:u:.. The purpose of the
mask is o block some of the I.If.']':ll.‘hl'

tion in FeROns W here the -:Ui'.[il'lF‘ 15 T

1\.; however, the mask canoot ﬂ.dd

thickness, it can n|||5 reduce d-.'pun.i-
ton. Since |.;|.'|'u.'m||_r all PoLnrs on the
|\|i|r1c'.i|L} will pass over the mask, the
trick is to find the ¢

waak sha pe thar will
retard rhe I\_II.']"U\i[iL.III in the I'IJH]L SPH0LS TO
M pToYe wnifior |‘|'|i'.:|. Furthermore, since
the mask reduces deposition, the depo-
sition will rake longer. Thus, mask effi-
ciency as measured by how muoch less is
being deposited as compared 1 the case
withour a mask is an imporgant param-
crer in mask design.

In the next swep for improved wnifor-
miry, the mask is rimmed, This step
is difficult because the mask is only
decreased in size and it is hard o know
where and how much o reim o change
the marerial distribution in a certain
region. In addition, cthis mask-trimming
process rypically resuls in residual non-
uniformirty becanse the convergence of
this rechnique depends too much on the
shape of the starting mask and irs posi-
tion i the chamber. Source position is
also a factor for cony CrEENCE.

A sofrware tool feom Table Mounrain
Ovprics called UsiforseiryPro enables the
calculation of coating uniformiry for
given chamber configurarions, includ-
ing the presence of one or more masks.
The sofrware also allows for oprimizing

the shape and position of the mask o

improve uniformiry. In addirion, it can

Lasar Foous World

LMpeove un||1|um[5.' while J|:|:|L||I:I.i:|LJ|I_|.'.

acod f.'!.|:||.i\.'l'|n_:~.

Plume distribution
O toremost importance in this new soft-
ware Il.llll\.i.I.'JII.I.l.'\, process is Lm:-w]l.dgu sl

the p|ur|‘|<.' distribarion. The mose widely
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be-

haves asa POAnT SOUFCE. Muaore |.IIJ|.|III1II.I|I.:

|JL'|IL'|'|\.':L':"'.L\_' and hence the ev Apora

m=1 Feprescnis an extended source emu-

|:1I:i:|l.|.‘; froam a small region, H 'l;..L|'||.'| values

HE |l|.':||m.'|] diseriburion,

of m show a1
and nofinteget values af m are also nsed.

When the |\|.un'.|.' disrriburion is not

used model s ||'I|.'\.II‘.IIIL' to che sith poser, know |'|,I:]I.<_'|'| ir should be measired in cedes

o coa™ B, The value s = 0 has no :|||;.1u|'.‘|| boe the mod L'|i|]g.L o have '..'||.bd1|:| v is this
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measurement that anchoes the code to real-  Modeling parameters

iry. The plume distriburion may be mea-  The inputs w the UsiforsminProsoftware position of the source rebariv

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

ahove the chamber floar; 2, v, and 2 is the

¢ ter the center

sured by positioning several small parts  code are the geometric chamber parame-  of the chamber Qoor jopticnally the source

on a nonrorating and staconary planetary  ters: b is the height of the planetaey plane  position may be entered 25 g and ¢ polar

abowve the source, Then, deposic a sin-

gle layer on kngwn substrates and 10
measure the layer thickness of cach gl
part, which has been identified by its
x, 4, 2 position relative o the source,
Then fir the vabee of oo bestfirehe 5
MRS CIens, prnpl::rh_.' ;.'n.'\.'uul'lt:iﬂg -
fesr the source and substeate normal
angles and eadial R squared] effects
in the caleulation. 2

The UniformityPro software .
has a mene option thar opens a
dara grid allowing these measure-

ments o be entered manually or
pasted from a spreadsheer. The 10|

. L -
height of the planerary and the x, A0 B 6 & -2 0 2 4 & B 10
Y [?"m“m“ and rhl:uu'rcﬁ]‘?m'ldlﬁg FIGURE 2. The trajeciory of & point on & planelary as
thicknesses are entered, When the it makas bwe full rotalions = shawn in Blua, whils tha

Fit me burron is clicked, the best fit red represents the postion of the soune and the green
value of m is d:i.-mhl}'l.’d. shows the see of the planetary in iis starting possion.

coordinatesi; R is the eadial position of
the center of the planetaey; ¢ is the ra-
dines of the planetary; and g is the gear
ratio of the planetary (optionally, this
may be entered as the sumber of sun
gear cogs divided by the sumber of
planetary cops). For convenience, the
chamber units are in inches,

For plots of the teajectory of a
poing on the planetary, one inputs
rpe the radial posicion on the plan-
crary to show in the trajectory plor,
and Ny, the number of rotations of
the center of the planetary. These
numbers are also wsed in the com-
putacion of the unitormiry,

Masks
Currently there are theee shapes used
for optimization masks: a leaf, conic,
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The SRE30 is the most widely used
* 0.001 Hz to 102 kHz frequency range lock-in amplifier in the world. It
measures signals with greater
* 256 kHz front-end sampling rate accuracy, |1i—11|1t-.'r .k!..slrilit-i"yr and better
noise rejection than any other lock-in.
With over 100 dB dynamic reserve,
5 ppm stahility, and 0.01 degree phase
resalution, the SRE30 will handle the

most demanding applications. It has

* 100 dB dynamic reserve
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and an ar hirr:u.u form consteucted from a rable of g.'.|:|:||.'|.'|| o=
wedinares, .ﬂmg. number of masks Iy be modeled.

The leaf mask looks like a leaf but is a symmerrical parab-
ala. Its parameiers include the radial posirion of the inner [ip
of the leaf (r ) ¥ the a |'|;|11||.'|| position of the inner tip of the
leaf [in LIl’.‘h"I’L‘L"}', I o the |.L':|I.H!l| of the leaf mask, and the full
width of the leaf mask W

The conic mask is defined by a set of paramerers asa parab-
I.:l|.'|._L'i||_||.',n.'|.|iF’:-v.', 0 h.\ (RIS bexla i e v-Ir n-\.'u'l;l; rl.'fl'l'lil'll.:lll:l!!,}'. The

parameters include the curvarure ¢, which is 1 divided by the 9 OPHIR'

radius of curvaruee ar the verrex, the conic coefficient & -..( =-1 M Past ol thi

toe a |1r|:|'il.|:’!-L:|:i; b=0fora l\.':il'l.'IL': ather values are L']Il|‘ﬂ:.‘| and g Nawpart Corporation
]s:\ pl:lhu-|:i1'l, iI.I!.IJ the coefhecicnts .-!4, r’l.e, .'||H. and .—"I.‘-.-J tor the
."l. r", ¢, and rIII Benet al .thr:n. [efms, |-\.'.-.|,‘|.'n.'!i\'|.'|}..

The arhirrary form of the mask & constructed from a table Des ig n ed tD M ea S u rE'

of parameners that define the E conrdinages of P0inE an the
WPt and lower Ldp"l: of the mask. This allows .1rhi[|;.‘|]’g.' msk

1]La|\|:1 tor b entered. Made fﬂ'r SimPIiCity

Code [eatures and optimization

The sofrware allows ANy M ber af sowrces to be wsed, When T h E Sta rLi n k SD I u t i 0 n

miose than ane is mn.'l], then relative LEr;HmiIinn rates need o be

.‘l.‘iniwl.l.‘d o each one. Each source has its own |ll.:|\.i|:is|ﬂ and p]umr Senso r to PC Con necti Gn
l\_"ﬁ[:lihu[llll. and the code i'!l.'ﬂ.:l ACOC S ANy nu I'III'IL'I of I.'I'Iii.‘ikh.,L'.'l\.h
with irs own posinon and size pasameters (see Fig. 2). * Links your sensor directly to the PC
The vu.!:'.\ are also has an opamizer thar allows uniformicy and + Reduces footprnt in your workspace
mask cfficiency w be improved by adjusting the parameters thas
affect it. For example, source position and planerary heighe may * Makes data analysis easy
be adjusted mo maximize uniformicy for any given plume diseribo- + Comes with a MATLAB script & LabVIEW library
i #r, The user may click on a check box w have the code also + Can also be used with any Ophir meter
improve the efficiency while improving the uniformiry. Withous
this fearure, excellent uniforminy may be achieved axthe expense

of a very large mask requiring much longer deposition times.

R
Example mask design
To demonsrrate how DsifosssityPro can oprimize coating uni- |
foemiry, consider a coating chamber with the source x-position |
arfin, b =12in., R =5 in., and with a planetary radiusof 4 in,
(B-in~diameter). The compured uniformity of this configu ration i
FIGURE 'l!]ril:l:nu“ uniformity
; 110
1.0a
.08
o b
.00}
2AE% wilh no
iy 1.00 Crptimized mask .
:; ::k |Lu|=|. e tarkng ma: i 3
1L81% with & - .
0.96 5 = = ;ﬂ
i . il Mo mask O OP ‘—ih’.,n 1 a5a 755 400 (RIERRS4E
a T L w.uuhlrupl.:urr--'phu!ull:u
: P pezf i
optimized mask f 9-.'!__ 1 ] 3 3 The True Measure of Laser Perfarmance™
fred} Planetary radial position (in.)
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1w 246" (see FiH. 3h Mexr, a lea

i added wirh a 4 in. soar [j:'.!.'. [ELEE LA TR 5
. L.'ﬂgl]L, ..'||||J 2 in. widch. T|'|L' m|d1IJ|uL
of this mask iu:plu\'l:ﬂ. the unibormiry
o 0.81%. This mask :\.II.:I.|'II.' was deter-
mined by manually adjusting the mask
widrh, len g.U:]I., and nireg thee unifor iy
Curve n-:|1|:14\.'-\_|'|.m|.‘;|.'.~. are made. The user

can fa i|:|:.' easil ¥ obtain 1% unifor |'|!j[:. in

this fashion, We then ler the |:-|'|!i|‘|'|iz|:|
ware ..h."iu\.l the ftlnjnlm, |.L'1I.!.'|I:|!. and

th of the mask, which deamatically

I.I'IT||I'i|'~'L'\_| the unif HILY [y LK
.-"qui:l'l!.', a mask reduces the IJL'|1ilhiI'II..lI'I

L'”.i:.':iL'.ll.L:.., which means ir rakes |1|r|_|.u.'| 17}

IJ'\.'F.‘IHi[ C g I.:'I:.-\.'f.‘\.. In this |::n.:.'||:|’.'F!-|L'1

the s rang mask decreased the IJ-\.'F’:-II‘M-

[sT0] I.'|.h\.l1:l'§|.'!|' w© 92.4% from 100%

Polymicro Technologies affers the i

anment solut

NEXL Ifng

Booth 936

pabymitroucom

v e ¢

far yaur optical fiber and assemily needs

Polymicro
Optical Fiber

SHAPE TOMORROW'S
BREAKTHROUGHS » WITH BETTER
OPTICAL PERFORMANCE

dustiy

CHYImCro

See us at SPIE Optics+Photonics

Polymicro

TECHNOLOGIES

A sapakian o OlEN
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[
T

Startipg mask

-
T

Is

FIGURE 4. An

mask is

the no-mask case. :'\.ll.ll.nu;.',h the fnal
|||:l[i||‘|im.'|| sk |l|'|'|1nj[itm L'|J.:LI.I.':I|.I.'!|
15 B4.8%, the user can—if r]u.'g.' feel the
value is too low—check the elfhciency
||]\rm'|i£i1[il:-|| boo and the PTOgEAm W ill
find a balance berween ef Aciency and uni-
Formiry. The user can hine-tune the effi-
ciency and wniformicy by adjuscing the
user-contralled weight on the efficiency.

Furthermore, when the starmng mask
is compared o the optimized mask, it
pecomes ohviows that rimming the
mask would never have produced ies final
oprimized torm {see Fig, 4). In shorr, the
UriformityPro software eliminates the
Jong process of guessing ar mask shapes
and positions and ireratively rimming
them after depositions; the oprimized
mask shape can even be prinred our
with real dimensions. The derails of the
selecred mask can also be exported o a
SCR AuoCAD) file. <
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Does your laser scanning system
have the accuracy to
hit your target market?

At Cambridge Technaology, hitting your target
is our challenge. Today, new applications in
laser scanning for cutting, drilling, marking
etching and even welding are pushing the
limits of system accuracy. From our best in
class precizion scanners and low dither serios
to the ultimate Lightning |l all digital scanning
systemn, we have the solutions to your most
challanging accuracy targets.

Learn more at:
www.cambridgetechnology.com/accuracy

n Galvanometers
B Scanning Sets

n Controliers

® Scan Heads

a Custom Scanning Solutions

@ Cambridge Technology
25 Hartwall Ava, # Lexingten, MA 02421 « USA
P-{781] 5411400 # F: [T81) 541.1&01
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»PHOTOMNICS APPLIED: SFECTROSCORPY
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Planetary and deep-space
push spectroscopy to the

GAIL OVERTON

Deep-space and planetary instruments
are challenged by extraordinary
temperatures, vibration, radiation,

was very active duar-
ing its Jupiter and

Sarurn encounters

ConCinues foo Trans-

space debris, and other performance- aiic diia.
threatening conditions that require Clearly,  deep-

engineers to develop rugged optical

and photonic components that

push spectroscopy to extremes.

With MASAs Vovager | spacecralt
now well ourside our solar SVSELCT Al
mare than 11 billion miles fram the
sun, it is amazing that its onboard
ulrravioler specreomerer (UYS) in-
strument is still funcrional, As if the
minus 31°F temperatures for which
it was designed weren't bad enough,
NASA wrned off the heaters on the
pare of Voyager 1 that houses the
UWS to conserve energy and extend
Voyvager's lite into 2025, Despite irs
current temperature below -110°F,
the Vovager 1 spectrometer—which

Jdulky 2012

space and planetary
hPCLlfiEI INSTf UMments
such as the spec-
trometers thar mea-
sure our Sun and even the ALICE
spectrometer from Ocean (prics
|Dunedin, FL) thar confirmed the
presence of water ice on the moon
are challenged by extreme temper-
atures, vibration assaulis, space
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applications
outer limits

|J|.'|.‘l|i11 ;1|||J a host of other per-
l‘-\..llII'IiJIII:I.'-[hri.'ﬂll.'lljl'll." canditions,
|'|.'L|ui|'u|.'r} SCICNEisEs 1o -\.EI.".'I.'IHP new
[\'L|.1|'|J'|.|u|."1 n.u|'||'||||[¢\l |‘lg.' navel c:lT\I:i-
cal and ]\]I.n[u:llil. COMyPOENTs.

Since Voyager

Mare than 35 Years have |:|'.’|p\n] since
the launch of Yayager 1. “The Vay-
ager UVS experiment revolutionized
our u |:|r$ci.-i!:'n".|.1i|'|g of the ourer solar
.‘i}'h[L‘I'I:I.," LHEY R.Ilh"'!.'l' '[-I.'“L', ]‘\l'ﬂl.L'\MJf in
the Department of Planetary Sciences
in the Lunar and Planetary Laboraio-
ry at The University of Arizona [LA;
Tucson, AZ). “Bur more than thar, it

Wavelength (A) TR T
B =In{ 11 5
=====sCiH;
10,
L P— 1, 1
CH
1.00
@10
ooiliiees, | Wy L

L
1400 1500 100

F700 1800 1500
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showed the power of UV '|.|'h‘.'l3[l'lI"u.'lJ|1:.—1:'1|"\'.'I.'i.'l|.|.!l UV oc-
culrarions™

In conperation with the Université Paris (Paris, France} and
NASAs Jer Peopulsion Laboratory (JPL) ar the California
Institure of Tl.‘l.'|'||'|l.:ll|r!.'|}' [Pasadena, CA), the Universi ¥ of
Arizona is using daga from stellar occultations obseeved by

the Cassini/UVIS instrument to probe che mesosphere and
theemosphere of Titan—the laegest moon of Satuen—ar alsi-
tudes berween 400 and 1400 Lm.' Cassini/UY1S refers o
the Uleravioler Imaging Spectrograph (UVIS) built by the
Laboratory for Atmospheric and Space Physics [LASP) at the
University of Calorado {Boulder, COJand launched Lo space
aboard the Cassini-Huygens spacecraft by [PL in 1997,

Specteal informarion abour Titans armosphere is obtained
when a star is imaged above the limb of a planer. Comparisen
of the known spectea of the unecculted star and the spectra
of the star cransmitted through the armosphere of the plane:
reveals the composition of the planer inself.

The Cassinl/U VIS instrument consists of a relescope, a oroi-
dal grating specrrograph, and a two-dimensional pulse count-
ing microchannel plare detecror with 1024 « 64 {specreal =
spatial} *pixels,” each with dimensions of (L0235 « 0.1 mm.
The entrance pupil of the wlescope is 200 = 20 mm and it is
equipped with an off-axis parabolic mirror (22 x 33 mm| and
has a focal |.1:lt_|.'|l|'| of 100 mm. All scculrarions were ohserved
by the far-ulravioler (112-191 nm) channel of UVIS using
the low-resolution slic width of 0,15 mm,, which has a field of
view (FOV) af 1.5 = 60 mrad.

Spectroscopic data reveal thar Titan’s atmosphere is che site
of complex photochemiscry, forming hydrocarbon and nirrile
species thar play a crucial role in the formation of organic
hazes observed in Tiran's strarosphere (see Fig. 11 The densicy
profiles for methane and other carbon-hydrogen compounds
revealed by the specrroscopic dara yield nor only imporean
information about the armosphere of Than as a whole bu
also provide broader armospheric insight into how aerosols
geow from small seed particles into large fracral aggregares.

Raman astrospectroscopy
Bevond UV spectroscopy, Stanley Michael Angel, professor
and Fred M. Weissman Palmero Chair in Chemical Ecolo-
oy in the Department of Chemistey and Biochemistry ar the
University of South Carolina (Columbia, 5C), and colleagues
at the University of Hawaii (Honolube, HI) and MASA Ames
Research Center (Moffert Field, CA) are applying Raman spec-
troscopy o remote planetary applicarions.®

Just as in tereestrial handheld specrrometer measurements
for explosives detection or any type of chemicalisubstance
analysis, Raman spectroscopy can offer improved specific-
ity for analysis of minerals and chemical compounds based
on the vibrational frequencies, relative intensities, and num-
ber of bands in the specorum of the sample. While visible,

Lasar Foous World www.laserfocusworld.com
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Aspheres . Cylinders . Prisms . Spheres

Cerporate Profile

Founded in 1981, Optimax is one of America’s Iabgem independeant optice
manufacturers, with more than 100 opticians in 60,000 square feel. Oplimax
orovides rapid delivery of custom optical componeanis, through innovative
magchining technology and progressive corparate culture. Only Optimax can
wautinely manufacture precision aplics in just 1 week

Wheoe We Suppart

Our capabilities are utilized for many
diverse markets and applications
» Aerospace

* Medica
* High Energy Lasars ; P I
s Defense

* Samicnnductar
* Deep UV, Visible, IR Applications

Prototype

Unique Manufacturing Offerings

= Complex shaping of precision optice = Oplical domes — air, sea & space
» Conformal and free form oplics » Super smooth surfaces
= High laser damage coatings +* Fracticnal fringe aspheres

Precision Optics

Optimax manufactures oplics in sizes up fo 300mm in diameter and fabncated
from just about all britle materiaks, such as oplical glasses, caramics anc
crystals, All optics - aspheres, cylinders, prisms, and spheres — are
manufactured to customer specifications

Core Competencies

Optimax's advanlage |s a direct resull of our lean manufacturing cullure.

& pride ourselves on: Know-how, Innovation and Speed. Lean manufacturing
and a state of the art MRP system enables efficient and on time processing ol
small volume and production guantities

Our expertise and proactive communicalion are key 1Y Optimax

la devaloping lang-term relationships, We undarstant  ~ap roufine fy
that each order we receive is from semeone thal

recommended Optimax as the supplier and that owr ~ anufacture
serformance wil directly affect the success of their o, .. oL
oroject, We strive 1o help our customers create the recision Uphics
oest possible chance for project success, in just I week

Optimax has advanced manufaciuring technulaﬁ;g; and some of the besl
opticians in the world. Call us 1o leverage our skills. We enjoy & good challenge

G367 Dean Pkwy, & Ontario, NY 14519-8930
Tel (B77) 396-7846 & Fax (585) 265-1033 & www.optimaxsi.com
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OPTIMAX... Friendly and Reliable!

QUALITY & VALUE
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HIGHER PRECISION
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« Over 100 Opticians
* Increased Capacity

* Over 20 Interferometers
« Patented VIBE Polishing

DPTINAY

www,optimaxsi.com

Visit us at SPIE Optics + Photonics
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NIR for Raman Microscopy

Up to 1700nm to Overcome Fluorescence Background
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BaySpec Nomadic Raman Microscope
Sbukple Laser inputs: 532 785, ard 10680 m ar custorn
Dipersive, no moving parts, oot effedtive
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» Confosal & fully automated @ mycm
w High throughput with ostamized WPG™ grating T
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Image Anatysis Saftware (MCR, PCA) Pancgsiee Spectrascopy
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and food safety.
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New Bench-Top Fluorometer

mQuattm""

The world’s fastest and most sensitive integrated bench-
top luminescence spectrometer

Quattro™ unique benefits
¥ 5 femtomaolar fluorescein spectral detection limit!
¥ Phosphorescence decays collected from a single 1 ps flash!
¥ 3-0 matrix of wavelength versus decay acquired in seconds!
¥ Unigue lifetime-based reaction kinetics!
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* SPECTROSCOPY contlnued

near-infrared, thermal, reflecrion, and
EIELESSION SPLCIToEcopy suffer from broad
oveelapping spectea, especially in the
presence of mixtures, Raman specteos-
LOpY reduces ;.imhigl.lil'}' and lends irself
to standoff measurement ar distances up
te hundreds of meters.

In early 2012, Angel and his ream
received the William F. Meggers
Award from the !'i-u-l.'icl’}' foe ."l|\1!ll'u.‘d
!'i-|.'|c|2t|l::lhl\.‘||'|’3}' {Frederick, MDY for their
proof-of-concepr development of a spa-
rial hcl'l.'lud_\.'l'n.' interferometee-based
Raman spectrometer (SHS) for plane-
rary Raman s}1c|:[|l::|h\.'||'|'!l}'.1

Unlike dispersive jgreating) approaches
thar require large spectrographs and
very narcow slits to achieve high specrral
||r.'.-u.a|uI:il.aI'|1 the UV 5HS has II]'l]!I' aweak
cuupling of resolution and lhl'lluﬁ]‘lpur,
so it can be small and use a wide slic o
maximize throughpur. The SHS—with
no moving parts for robust extraterres-
trial performance—measures all opri-
cal path differences in its interferogram
simultanecusly with an 1CCD detecror
array, making rhe rechnique compar-
ible with gated detecrion using pulsed
lasers, which reject ambient background
and mirigare flucrescence thar could be
encountered on a planetary surface with
unconcrolled samples.

The Eoropean Space Agency's
ExoMars mission will include an
orbiter (launching in 2006} with a lander
{launching in 2018) char will be the first
ro fearure a Raman spectrometer, cou-
pled with a laser-induced breakdown
spectroscopy (LIBS) system for mineral
analysis. The system will operate in
gither 2 micro-mode o look ar samples
crushed into fine grains (20-100 pm in
size) or in macro-mode, in which a probe
artached o the lander’s robotic arm is
extended to measure larger areas using a
larger source beam diameter (a few hun-
dred microns),

In addition o mineral identificarion,
Raman spectroscopy is also being con-
sidered for remote detection of biokogical
analytes such as cvanohacreria, chloro-

mDnTmL Bunoisc BLocks CoRPORATION www.obbeorp.com phyll, or amino acids thar could indicare
40 Juty 2012 www.laserfocusworld.com Laser Foous World
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the presence of life bevond  intensity
L
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ORY 18 u:!l'icd, based on reflectance

Earth. While studies show  gop0l
that a Raman system would

need a demanding 16 cm! res-

olution in the specreal range 6000
from 300 v 1700 cm for
wnambiguous identification of
these biomarkers, Angel and
his colleagues have demon-

A0

steated that Raman spectros-
copy can detect amino acids
near femiomale levels nsing

UV excirarion (see Fig. 20, o

and high-resolution imaging dara,
The mechanisms of planetary for-
mation on Mercury will be betrer
wnderstond through detailed mid-
IR spectral and remperature analy-
sis data feom the Mercuey Radiom-
erer and Thermal-infrared Imaging
Spectrometer ar MERTIS, part of
the European Space Agency (ESA)
Meecurey Plancrary Oebiter mis-
sion BepiColombo scheduled for
laanch in 2015 with planned ar-

Raman astrospectroscopy
is also being considered fore

missions oo Venus, Remore
ghulial

Raman measurcments con-
docted ar the University of
Hawaii were able o iden-

mpariant biomarkers that cauld mdcala theé presencs of ke

tify minerals under high remperatures
wp to 1003 K ar % m and under super-
eritical carbon-dioxide (CO,) condi-
tions—approximately %5 armospheres
and 423 K—such as those thar exist on
the surface of Venns. Minerals impaor-
rant o Venuws such as anhydrous sulfases,
carbonates, and silicares were detecred
under borh dark and ambient light con-
ditions, demonstrating the abilicy of
the remote Raman system 1o analyze
surface mineralogy and identify acmo-

Sersor head
(optics, sensors, shutter)

Radiometer Optics
electronics structure

Eolometer

Specbrometer
optics-

Hamess

FIGURE 3. A structural and thermal modeli

Tharmal-mfrared Imaging Spectromater [MERTIS). (£

Gavmran Asraspice Cevler)

ine (5], ala

1 1 ¥
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Raman shift {cm-1)

FIGURE 2. Aarman spactra are shown for the amino ackds

& (A, praline [P, and cysteine (C)—

beyond Earth. [Courlasy of University of Sauth Canaling)

spheric constivwents withouwr landing on
the harsh Venusian surface,

Withstanding harsh
environments

In the hot environment of the planet
Mercury, continuing Avbys of the Mer-
cury Surface, Space Environment, Geo-
chemistry, and Ranging (IMESSENGER )
mission show that volcanoes were in-
volved in the formation of vast plains
and that surface chemistry and mineral-

Space baffle ==

I
Planet baffie

Painting unit

Power supply, mstrument
Radiometer detector controller electramcs

Cgdia ¥

b - Blackcbady 300K
Painbng wnit

e Tor ihe Mercury Radametar and

srissy af University af M insfss ang
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rival a1 Mercury by 20224
Housing a push-hroom IR grat-
ing spectrometer | TIS; 7-14 pim)
and microradiometer [TIR; 7-40
pm}, MERTIS consists of a serics
of modules for the sensor head,
electronic units, and power/calibra-
tion systems with a combined 3.4 kg
mass and <13 W power consumprion
{sec Fig. 3. All modules are thermally

[~ OPCO

Laboratory Inc.

Custom Precision Optics

* Diffraction & Transmission
Gratings

# Custam Rup“uut:d Mirrors & Thin
Film Coatings

# Optical, Electro/Optical, &
System Assembly

» Class 1000 Clean Rooms,

Class100 Flow Benches
Rt s s
s -t

TEL: 978-345-2522
www.opeolab.com
infoopeolab.com
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Here’s a
brighter

You've been looking for
that ideal light source:
longest-life & ultra-bright
from 170nm to the NIR.
Now you've found it.

(SRS

LASER-DRIVEN
LIGHT SOURCES

ENERGETIQ

www.energetiq.com
+1-781-939-0763
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*» SPECTROSCOPY continued

.‘\.L‘|'|HI.'I|'I.'-\J. fer u|1|inml pertormance, and
the i.:ll.-r].ll."hl calibrarion rourine vses
.‘\.L'I.|I.I-\.':I|.|:i.'ll ohservation of four Llrgers:
a planet, deep space, and rwo onboard
|1|.'||.'|-<|‘lﬂld_r sources. A 457 riled mir-
ror berween baffles and uprin allows
fir equent views of the calibeation tae-
gers [at 300 and 700 K} and both cold
Sprce and the F’:-|:'|:|I.|:I: :‘\[L'n_'lu'.\, viewed
[I!II'IIII.Hh TWo separale baffles oriented
perpendicular o each other, with a cyl-
inder to shield the II|'|'.i-\..‘| and elecrronics
iI.Ha'Ii.I.'Ih[ j:ll.l.'lll'l!linH radiation.

Irs 50 mm focal-len g.'.'.|'| telescope -:_?;"ll
produces a 47 field of view, enabling
the TIS SPeCciromerer io map the entire
planer wich a sparial reselution of 300
m. The TI5 ili:lii;;ing.'. Speciromeler uses

an uncooled micrebolomerer array fonr

derecrion and combines a threc-mireors
anastigmate (TMA) with a modified
(Miner grating spectromerer.

UMid-TR specteoscopy provides many
different modalities for studying and

Wave spectrameders. ([Cowrlasy of NASA]

www. laserfocusworld.com Laser Fos
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mapping the composition and rex-
ture of p]:!l'lL'L.'ll'_\' hllfl’.'l\.'!.‘.‘ﬁ |'|:. ;..',:'l[]'l.l:l-
i|‘||.; this informarion on |.'|]:I.:|l|.". .\1|:|Lu|§
i is |'|clp|.'d o learn more about its for-
mation and sequence of development,”
saye [;.'||'|:'i|:|l\.' E. .-"n'nulcj, .‘\.[:\H member
at the German .-"u:luh|.‘l'.’u.|: Center I]‘!].[{;
Berlin, Eh::m:m}.: and the 1||1j\v'|.':'hi.l'_l' of
Minster l_f‘\[li:llh[l:l, (;L':'mm'l:. | with more
than 30 Years of CRpet ience in |‘l|.n NELAry
science and space flight insteumentation.
“MERTIS is a state-ob-the-art instrument
uhil1:¢; a modular :’|'|‘!l|.‘l:'u.'|-\.'|.'|. The u:l'u||||.'
c|'|ii||-\.'n!.'.|:\ of MERTIS J.L"n.'l.llpjrll.'l'l'.
|-\.'L|||i|-\.'|J new ||1!l[i|..'||.1 t.l|‘lr||:m|:\.|:'1:L:|I.i,;.'.'||,
and fronrro-end elecreonic solurions with
minimem |‘u.l\1.'a.'|'ni.'l.:-|'|nl.|L‘l'l]‘!l[ill:ll and mass,
which had o be i|‘|'.n.'|;.riLI:L'L| inco & nowvel
I'I.'th'ljﬁ.'.'ll'l\.'l.'l;l.'\,i I'IL'\.'IfiI'IHLﬁII.'Iﬂ.'L'ﬂ[." she adds.

In addirion o {i.h.i.l.'l!.'. extreme weather

conditions on Merc Wy and Venus or
¥

the everyday in ht or orbiting haz-

ards of L|\.'L'p-\|.'|.'u.'l\.' debris and par ticle
|‘lt.lL'|'||'|.'|n||'|'u.':|I.[. SPECIMIMETErs are also
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Technology changes in the blink of an eye. That's why DSl designs,
develops, and produces so many unigue precision optical coatings
for systemns of the future. From innovations in biometric systems fo

improving solar cell efficiency, our patented processes allow us to think

outside the box and bring you highly durable optical solufions no one
else can deliver. We provide a multitude of thin film coatings - from

the most basic to complex multispectral, multilayer, zero-shift coatings

on glass, metal, plastic, and many others. Just ask.

Wi test our coatings fo Mil-5pec environmental standards for
humidity, salt fog, abrasion, temperature cycle, adhesion, solubility,
and cleanability, and perform spectral measurement tests.

Find out more ot www.depscl.com today. DSl - because the future
waits for no one.

See us at Opflics & Pholonics
Booth #1041

L
Z _mnouﬂﬂ

Biormattic Systarns
Salar f Phatovollaic Coatings

Lite Sciances

Digital Imaging

IR & UY Curing

X-Ray Systems

Military & Delansa

Unmanned Syslems

Space [ Safalites

Digital Cinema

Salar Simulation & Matarial Aging
High Efficiency Lighting

Light Tunrels

Displorys

www.depsci.com

3300 Coffay Lane, Santa Aosa, CA95403  Tel (707) 573-6700 / BGB6-433-T724  Fax (707) 573-6748  email: solutionsiddepsci.com

7/25/2012 3:52 PM



46 of 80

FOCUSLIGHT—

RELIABLE HIGH POWER
DIODE LASERS

® Diode laser systems

COMPANY INTRODUCTION

Foundad in 2007, FOCUSLIGHT js a fecl growing high-tach company
commitied b6 reseanch deuvslopment and manudaciuring af high power dinde
Insars. Mesdguariered in ¥'an, Shaanxi, China, the company provides ils
prodicts fon variety of difernl cusiomss like OEMs, ODMs and system
indegratars in markeds wordwide, Wilh |ls extensive anginesrng cagabililies,
FOGUSLHGHT ia dedicated 1o providing custemens wilh wall-matched ad-
raund splulions- aeconding b 1heir actus peeds FOCDUSLIGHT & an 150
B0 2008 cetilied company with high standards for gualily, refiability and
parfonmancs.
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® Horizontal Arrays

® Stack Arrays

FOCUSLIGHT has roleased twolva seres of high powar diodo lasers with
maone than one hundred types of pradocts for CW and OCW aperalan
mpdes. In addition to standard Conduction Cooled and Micro-Chamnel
Cooled packages, FOCUSLIGHT nisa offers s owi proprigtary packagpes.
The company's porlolo sirstches from sings emillers opsrating m the sub-
wall ragan o muli-kdowall bar airays. Saandand wavebingihs covar BASnm,
670, T92nm, B0BAm, 325, ES0nm, §15nm, B40nm. B7ENm, 1DECNm,
1470nm end 1550nm. Dher wavelangths arg avedable upon regues].

lj FOCUSLIGHT TECHNOLOGIES CO., LTD.
Add ; Mo, 1T Xino Road, Mew Industrial Park. High-Tech Zane,

FOCUsSLIGHT ”

- Wi pur st auplncing Tal - #8620 BEEA1140

Fak - +B6 39 BERATOTE
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*» SPECTROSCOPY continued

plﬂgru'l.p; a role in lII'IdL'I'.‘\.[:'II"IIJiI'I_I!‘ what IVpes ok ||pri\_.'|| and
elecrronic components and materials best endure the rig-
ors of the space environment. As part of NASAs Marerials
Internarional Space Station Experiment (MIS5E), owo min-
iature BLUE-Wave spectrometers from StellarMet {Tampa,
FL) were launched in 2009 an the ST5-129 shurtle mission
as part of the MISSE 7 instrumentation thar was mounted
exrernally to the International Space Station {I85) 10 evalu-
ate more than 700 new oprical and electronic materials, The
rugged specteometers tested the optical properties of the
marerials as a function of exposuee to atomic oxygen, UV
radiarion, direct sunlight, space vacuum, debris impact, and
emperature extremes (see Fig. 4).

Uneil MISSE 3, only passive marerial experiments limised
analysis to the period before andfor afrer deplovmenr; bue

The BLUE-Wave spectral reflectivity data
for the MISSE 7 revealed a better
understanding of the durability of next-
generation materials when exposed to
space with the mission of designing
future spacecraft to travel far beyond
Earth's orhit.

for the firse time, MISSE 7 transmimed digital data from the
experiments theough the 155 down 1o several ground starions
for real-rime processing,

The in site BLUE-Wave speceral reflectivity dara for cthe
MISSE 7 revealed a berer understanding of the durabil-
ity of nexe-generation materials when exposed o space
with the mission of designing furure spacecraft o rravel
far beyond Earth’s arbit. “As spectrometers are becoming
more miniaturized, rugged, and lower in cost, we are seg-
ing new and exciting applications way bevond the scope of
standard lab and field research,” says Jason Pierce, direc-
tor of business development ar StellarMNer. “Who would
have imagined 20 years ago when StellarMert first designed
a lirtle rugged spectrometer that one day humans would
be mounting them on the Space Starion to test specialized
materials for exploration into the new frontier!™ <
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Motorizred Stage, Manual Stage, Optical Mirror Mount, Optical Table,
and accessories.
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= Universities of related optics or mechanical
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*»MOLECULAR IMAGING
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Optical system design improves

fluorescence light capture

CHRISTOPHER COTTON

Fluorescence |||i\_|'l..-.-n.|||‘lg. is used in

a wide ge of medical and I'II.‘I'il_L'i'

d recent i prove-
i'.|||:. are \.'.\I:L'llli|i|||.;
the number of .'||1|‘.|||.:'|I wis. However,

life scicnce COMPANICS BSig this tech-

migue o investigare complex molecu-

nd cellubar strucrures still encoun-

lar
rer significant obstacles 1o acquiring
informartion from the sample.

Their oprical designs muste provide

eifecrive illumination, sufficient filoes-

the Huoresc lighr feom

the illumination withour signal loss,
and efficient collecrion of light from
the sample. Improving system perfor-
mance can mean reduced sample size,
as well as earlier and more accurate

Tearing.

ASE Qprics works with life science
companies o improve optical system
disign and wentify novel rechnigues
o apeed research and reduce risk o
systems such as the Growth Direct
Sysrem by Rapid Micro Biosysiems

(Bedtord, MA) W

biology method of testing has not

hile the miceo-

changed since the times of Louis
Pas

Creonwrth Direct Sysrem ao

. new pest systems like the
ate and

specd resting, shortening grow rime

and shrinking necded sample size (see

tronms, this page)

iection [3|IILL.|| L |

Ores-

cence is a phenome-

non thar secures when
a molecule absorhs
Excirancn |i_|.1||| ar a

wavel h within

irs ahao pleomn band and then, ||r.'|||g.

ENSTA NI irs ||!.1||I ar a lon-

Ber ‘|'|i|'||.'|L'III.\,.|I within irs ¢

band. A I..'I.I'illl.‘|lllllll\. is often a

i to the specihe

o the 'i:l.l[l|'||L' oo b
molecules or cellular srrucrures thar

need to be ddentified in resting. In

many cases the fuorophore oocurs
naturally in the molecules
or cellular structures

that are being inves-

rigated. An oprica
fluorescence system

design needs o: |

= illuminare the
sample with exci-
tarion light

» efficiently collect
light emirted from
the sample

= reject scattered exci-

tation light before it

IL'.II.III\"\ the detecror

Fluorescence micioscopy sysreims

World www.laserfocusworld.com

it char pesules f

the interaction of a 1II.II.',|\.' |1||-\.-Ilr|| with

i I:|||;.-||||!l|.'|1u|.. The wavele _‘.|| emir-

ted in these SyslEms 1S I.I1IJ.'I||!| lixn-

th.

Bt than the exciration wavele &

However, the difference berween the
WO Way I.'JI.':I:l.,:II.'\ is olten L|uiL-.' small,

A Ly pic 1] Hunrescence microscogpy V&

re wldresses this with an ex

source and filer that provide
Al The proper Wil ele |'|!.;I||. a dichroic
B the excira-

bea -|"||[Ir| tor divecri
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*»MOLECULAR IMAGIMNG confinued

ricn light to the sample and directing the emirced light, through
AN ApPropr jare emission filter, to a derector jsee ]'IH 1}.

The filter problam

The Arrangenent of filters is intended o isolare the |'lfi.!.'.J'.I £X-
citarion light feom the parh of the weak emited lighe. Fluo-

rescence lines for the emirred light can be very n:

j:l'.|.; ll.i!.'.]'.l:u accurare filter h|H'Lifi;.'.‘|Ii.el:|'. and I.I\.'.‘ujl.;:l'.. Advances

in thin-film ;.l|‘l|lu.'.1| filters have \i:ql'liria.nl'l'.h. advanced fluores-

CENCE 1 'L;.'J-\.m:il'py, by cheir wae presents LJI.i’I”LI'I;.'\,L'.‘u: cost and

a'll'l'\.\,l.ll'll SES A
The way L]Ll'l I|.'| transmission characteri

rers will WEY W ith incident ||.:I'.|.||L. The collection LI||Lu:'.|...

of systems with a large field-of-view, a |'|i_|-1|'| numerical aper-

fure I:\'.-\I. and a nareow distance berween the excitation and
emission \'.':’u.\.'h.'l'l;.;[hh will be limired |‘lg. the size and il:lL!.Ll'.l.iI..l'
ACCEPLANCE of the filer,

A common Ay our for a Ausrescence i|‘|‘|.'|;u.i|‘|); sSyslem is o

have the excitarion light injecred inro the system in an area
where the ij;l'.[ can be collimared. In chis ArGINGEment, the
beamsplitrer selecrively veflects the excitarion light from the
Ji.!.',]".[ source 1o the \:'ln'||‘l]|. and rransmirs the emission |i;.1|'|'.
from the n.iin'.ph.' roward the n.L'l'ni:l'.H SYSLCT. The |.‘.-|..'|n'n|‘l|.il'.|.'.r
will |\]il.|.'|.' a lower limir For how close I:u|.;|.'IJ'.L'J the excirarion
and emission '.'.'.'l'.l.'|n.'|'|!.','.|'|'1 can be.

By locaring the beamsplicier in an area where the image lighe
can be collimared, we avoid introduecing aberrations into the
lluminarion and imaging paths, which will appear when a tileed

plate is incrodoced

in eicther a converg-

ing or diverging ray
fan.

[t ) Alternate illumi
nation approach
In designing the
optical svstem for
the Giroswwth Divecr
Sysrem, the ASE

b
C-J-J' Qprics engineering

team helped o op-

i timize an alvernage

FIGURE 1.

Lo
- |u| ety

www. laserfocusworld.com Laser Foous

OW, I'-\.'I.|I.Iil -

ics of thin-film fl-
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.mpumn.h |5z :Fig. 2i. The iluminarion
approach was kev o achieving the re-

quil'l.'\j perlormance: The blue
light thar causes the cells o
fluoresce allows the sensor to

illl.':ll[:r}' fluseescence from just

100 cells vs. the :I1:.‘||'|5.' 5 mil-

lion cells needed fore the human

e¥e [0 s calomis,

Ta Hmprove the overall effi-
ciency of collected fluarescence,
the oprical system design elim-
inaged the need for the beam-

SO

has a uum:spu:iding.-. microlens and fil-
ter for dilu.'l.lj:l.p; its nasrowband ener By

roward the sample.

A single long-wavelength
pass filer then reansmits
the Huoresced |L_|.'||!|' and
rejects the excitation wave-
lengths from che imag-
ing path. The sample light
still has high etendue that
must be handled b 1 the fil-

m Ly
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BEAM PROFILERS
FOR TELECOM

FIGURE 2. Tha

E T i sysimm designed [
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XYZed BEAMMAP2™
XY BEAM'R2™
& Dual Detector 190 nm - 2.5 pm

= Resolution to 0.1 pm
» Keal Time Fiber Alignment

splirter. This scheme still
presented pesformance chal-
||.':'I._|.'.|.'.~.. The illuminaricn source
5 ]‘!flll.'i\ll:d |‘l}' an areay of scv-

eral dozen blue LEDs arranged e
in a parrern thar provides wni- u
ot 90

which Bsis phar
drug lois far con

form light and oprimizes the alltie AREAF &

Aspect ratio of the excitarion Qg a a@ fuoresaence from & smaler L] D'l'ﬂ‘ﬁrxﬁn.ﬂ:

energy to help simplify the f sample, speading testing s Collimation

imaging 1\:._;h||:n-|_ Each LED e and preduct shipping L] Pﬂﬂ-pﬁ’“‘t‘-ﬂﬁd
= USE 2.0

Tunics Tunable Lasers
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o7, e
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MNorth American Windows 7, XP & Vista
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DLL and Active X software interface
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>»MOLECULAR IMAGIMNG confin !

ter. How ever, thiz lig i incidenr ar

= 'I_.'\,:I.W abour normal _;|\'.\. CEN-

tered abour 457 as in a stand B AVSTE.

This |'|-\'||l\ 1o reduce the cost and pertor- Once the

d Aloer conf

108 FEQUIFCIMENTs On the hlrer wich-

Ty oof the dara we coutld ensure performance of the i

aur -\.l:-|'|'.:.~|-un'|i'\|||...'L the qu

wed from the -:|||||li'.'. g lens with the prapet u|'|:...1| design

amd i,‘.l\.kill.',!l'll.'\,. Orfren the i|n.1_.;in:_; lens
Proper materials selection pertormance is overlooked in fluores-

There are a A ~:nIL'|||-u|'|'.i| the hirst one

comaide NS [Or Prov id-  cence ima

I com-

s in the |.uu|uh..u|l} CNVIE

some Ty pes of ’.':."lll\.ill __',|.'|.-.h exhibit luoses- image; hevwever, as th nt of infoe-

1 ||i'.l'.il\.llli'..' Wiy L'E-\'l'l;_'l||~. PrLTIAT- mation increases, so does |L':'.-n.l.~.".||‘!'.
las
ar ineorrect cowces bor '.l|‘:i\..ll adhesives. Fluorescence micros copy

mearerials that |..I.|-:I|I.'.-n.r COan- in practice

|1|in. ¥ OpT
unwanred CArCran,
; the ex-
Lilicy of off-

wd advanced
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Diirecr System is wsed by filrerable phar-

maceutical ..ul'l'l:.".'lnil. 5 10 conducr micro-

d have previously

BT Wi

hiul':"..'\,:. [esring

heen done via Perei dish with :_'lu'.'.L||

abserved by |||in.|l.~|‘liu|l.~gi\h. T .lu_q|| e

y |{:'|"|l| Micra

vir pesulrs

al sysr

use of the ¢
|
in |

oayarems has been able o d

the time of or
test methods, The end resule?
i|‘|:.; |"'Il.‘l.ll.ln.'. and reduced risk for the |‘l||.|| -
maceurical ..-\.-||'||1:|||i-r.‘|1 as well as sater

il oducts for consumers. ]

Christopher Cottan is
SE Optics, LLC, B
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«sf DELIVERING MODULATION SOLUTIONS

Photline Techn0|ogies is a european company created in 2000 whose
mission is fo offer Optical Modulation Solutions based on the company
Lithium Niobate (LINbO,) Modulators and RF electronics modules.

i COMPETENCIES
Phetline Technologies mosters the entire chain of LiMbO),

modulators production from computer-ossisted design to
final characterizotian, through water processing.

In oddition fo o its knowhow in the figld of opfical
modulators, Photline Technologies produces high speed
electronic modules up to 40 Ghit/'s. This unigee combinafion
of electronics and photonics ollows Photline Technologies
to affer to its customers high performance, comprehensive
optical medulation solufions.

i FACILTY

The company is housed in o 1000 m* (11,000 =qff)
bwilding tooled up for complete inhouse manubactering. It
features extensive clean spaces for volume production and
tast, including a 150 m? {1700 sqH) clean room for wafer
processing.

Phofline Technologies is 153 9001 cerfified ond ships
annually thousands of praducts oll over the world.

‘.':E Ml MARKETS SERVED
BY THE COMPANY

* Fibar optics communications
* Sensing and instruments

* Defence ond cercspace

* Fiber laser systems

#* Research laboratories

"t} PHOTUNE TECHNOLOGIES OFFERS THREE
PRODUCT RAMNGES

# The mast comprehensive range of commerciol LMNBO, Intensity
and Phote modulotors, from low frequencies 1o 40 Gbps / 40 GHz
and for o broad ronge of wovelength windows incleding © 800 nm,
1040 nm, 1300 nm, 1550 nm and 2 microns.

* ModBoxes are custom designed Modulotion Units and Transmitters. They
incorporate o complete and dedicoted modulation stage with power supply
and control electronics and optional laser source and receiver. ModBoxes can
be foylored fo accomadote a broad variety of applications : pulse generotion,
pulse picking, spectrol breadening, analeg madulation and all fermats of digital
communicafion.

# The Photline Technalogies family of RF connectorized modules includes drivers for modulators,
RF amplifiers up to 40 GHz and specific madules such oz D fipHop and delay lines.

L]
‘|. P h otl I n e & 14, rve Jouchoux = FR-25000 Besancon

.
24 contoct@photline.com * www. phofline.com
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New uChip Lasers.
Soon mJ output!

AVAILABLE
TODAY

* 473nm, 3uJ

= 532nm, 5uJ

« 946nm, 10uJ
= 1064nm, 30ul

AVAILABLE AUGUST 2012

266nm, 1uJ 1064nm, TmJ at
355nm, 3uJ low rep rate

473nm, 5uJ Rep rate to 300kHz

(low energy)
532nm; 10uJ )
High power/

946nm, 30uJ energy package

Call to discuss your needs!

[xPxMxC

FOR ALL YOUR S50LID STATE LASER NEEDS!

www. rpmclosers,.com * 636.272.7227 » cre@rpmclasers.com

7/25/2012 3:52 PM



55 of 80

Lasar Foous World

*PHOTONIC FRONTIERS:

JEFF HECHT contributing editar

Digital imaging and display technology — offers  imporgan

opens new possibilities for holography
Digital holographic microscopes can
display 3D images of living cells in
real time on computers, and digital

advantages, including
real-rime  response,
and convenient pro-
cessing and sworage.
Applications include

holographic telepresence is emernging on 3D microscopy, dis-

the technological horizon.

Huolography was born as an analog
rechnology, and the development of
laser holography by Emmete Leith and
Juris Uparnieks drew heayily from
Leith’s earlier work on oprical signal
processing, a form of analog comput-
ing. Holograms were long recorded
on special photographic emulsions ap-
plied as coarings 1w glass plates or film.
The idea of computer generation of
holograms dates back o 1966, bur thac
rechnology long was limiced by prac-
rical issues of compuring capaciry, and
carly compurer-generated hologeams
often were recorded on phortographic
media. Mow a new generation of digical
rechnology has replaced photographic
media for recording hologeams, and
has created new options for process-
ing and displaying holographic images.
Asin photography, the digital approach

plays, and video or
“relepresence.”

Basic computing concepts
Haolography is based on recording
both the amplicude and phase of the
wavefront of lighe from an object. This
is done by combining the wavefvont of
light fram the object with a coberent
reference beam from the same source
o produce an inrerference partern,
which is called a bologram, lumi-
nating the recorded hologram with an
identical reference beam reconstroces
the original wavefront, which the eyes
perceive as showing the original ohject
as if it were present.

www.laserfocusworld.com
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DIGITAL HOLOGRAFHY

Digital techniques render
real-time response in holography

In Diennis Gabor’s original concepr,
the abject and reference beams follkowed
the same path, and rhe object irself was
two-dimensional. This approach, called
an-axis bolograplry, is easy o imple-
ment and is still used for some appli-
carions, but it is inherently limived w0
small objects and prodisces troublesome
rwin images thar overlap, Leidh's inven-
rion of off-axis holography, in which the
object and veference beam follow sepa-
rate paths, allowed holography of larger
objects and removed the twin image
from the reconstructed scene.

Compurer-generated  holography
used computers to caleulate the inter-
ference parern thar a virmal objecy
would produce. Thar computer-gener-
ated hobogram was then printed, often
on photwgraphic media, and illumi-
nated with a reference beam rhar pro-
duced a2 3D image of the virtual objecr.

The new digital holography replaces
the analog photographic film or plaze

duly2c1z B3
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> DIGITAL HOLOGRAPHY contlnued

used to record eaely holograms with a digiral detector array

H ave Your Cake that records the hologram, as shown for off-axis holography

. in Fig. 1. The resulting digital version of the hologeam then
an d Eat I‘t TUU! goes o a computer for further processing,

(e possibilicy is using the computer to exteact phase and
intensity data from the digitized hologeam and further process
that dara to ceeare a 3D digital model of the criginal object
viewable on a compurter display. Alernatively, the digitized
hologram can be reproduced on a digital display or a phorore-
feactive material, which is illuminared by a reference beam o
optically reconstruct a 3D image. Images can be recorded and
displayed singly, as fixed images, or in sequence 1o produce
holographic videos, movies, or telepresence.

How is digital holography used in microscopy?
Miceoscopy has been a particularly successful application for
digital holography, a reminder that Gabor had an impressively
sharp view of the future when he invented holography as a
way o improve the electron microscope. Digital holography
waorks well for living cells, which can be difficulr subjects for
conventional microscopy because they are sofr and have lictle
narural color contrast. Holography, like phase-conrrast mi-
croscopy, can record refractive-index differences, which can
distinguish cellular components.

For microscopy, the digital hologram is recorded electroni-

cally then the resulting digital data usvally are processed in
real time to create a 3D model for display on a compurer screen,
1ﬁ".{_'"_] dﬂn’t ha'l‘fe 1'_[] Sac r|f|ce as shown in Fig. 2. This method avoids fime-consuming phao-

wographic processing and allows recording of a time series of

DEHUWIdth or enlnctlnn ratl{] images 1o siudy dynamic effects. Moreover, writes Myung
t{] get |[}W dlsperSI{]n Kim of the University of Seuth Florida (Tampa, FL), “the

complere and accurate representation of the oprical field as
Lintl no, thens's Baan no wey to polarizs Bmtosacond
lasar systams without sacrificing wavalront, banchaidth
or disparsian corrl

an array of complex numbers allows many imaging and pro-
cessing capahilities that are difficult or infeasible in real-space
holography.™ Image-processing oprions include focusing on
the object at various distances, quantitative phase-shift mea-
FPC's new PES-GVD prism polarizer does it all! surements, and digital manipulations such as aberration cor-
rections. Digital processing also can suppress the troublesome

Features: high extinction ratis, High damage trashkd,
win images produced by in-line Gabor holography.

epexy-fras, low disparsion matedals, na rafractian, broad

banchwicth (00-T100 reri} e front quaity A key advanrage of digital holography, frst demonstrated in
2003, is that it can study living cells withour staining, labeling,

or otherwise affecring them. This “makes it possible o easily

;‘ . measure cell properties thar previously have been very diffi-
=' . . cult ro study in living cells, such as cell thickness, volume, and
ad n v cell refracrive index,” write Kersti Alm of Phase Holographic

E - _ Imaging (Lund, Sweden) and colleagues in a review |‘r.'|'|‘!l|.‘|.z

Real-time digital processing permits a series of observations
1o moniter changes, and the recosded holographic dara can be
pracision reprocessed o better compare different views.

Digital holographic microscopy does have its limits. A major
one is the relatively bow spatial frequency response of digital cam-
eras, which limits resolution of reconstructed holograms, write

54 Juty 2012 www.laserfocusworld.com Laser Foous World
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Damien Kelly of the Mational University
of lreland (Maynoozh, Ireland) and col-
leagues.” Thar arises from the spacing of
detecror elements and their lurger size
than the grains in photographic media,
B Kelly savs thar new processing rech-
niques prOmise improvements.

Digital hologram displays

A digieally recorded hologram alse can be
reconstructed by displaying it on a spa-
tial light modulator {(SLM) or photore-
fractive medium and illuminating it with
areference beam. Diffeacrion of the input
lighe by the displayed hologeam produces
2 3-D image, as shown in Fig. 3.

anjm:ing a Hlmd-quaﬁty |'|t:l|t:lﬁ]’;tp,‘|hin:

image requires digital processing of
the recorded hologram thar rakes into
account hoth the illuminaring wavelengrh
and the physical characreristics of the dis-
play device. That could best be done by
rransmitting holograms in a standard
interchange formar and doing the final
processing at the device, to account for
irs particular features, writes ¥, Michael
Bove of the MIT Media Laboraoory
(Cambridge, MA) in recent review of
digital display holography.* “An ideal
SEM would be able to contral both the
incensiy and che phase of light, but given
that most pracrical SLMs can affect only

one or the uI:|!||."r1 i 1'\|'I.'IM.'-III'.I]}' modula-
oot is more desirable as i is theorerically
over five times more diffraction-cfficient

- than an amplitude-only moedulator,”

Both rypes have been demonsteated.
Another advantage of SLMs is that
the displaved hologeam can be changed
dynamically, changing the way it diffraces
light. This allows their use as dynamic holo-
graphic oprical dements for applications

requiring adjustable oprics, such as gener-

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

aring & conjugate wavefront for adaprive
optics, of beam directoes for [holographic)
optical tweezers. Although the space-
pandwidrh produce of the digital devices
issmaller than those of analog holographic
materials, with suirable processing liquid-
cryseal displays and digiral micromirrors
developed for mass-produced consumer
products can be used for many applica-
ricns, weites Tobias Faise of the University
of Srurmgart (Sturgare, Geemany).®

Video display

Aeference

Beam

Laver beam
—
Beamsplithes

MleroT

FIGURE 2. A digilal halogram is recorded on @ CCO0 pray, and the dala are processad on a

compufer b craale a digital 30 madel n the compuler. Thal made is then displayed an the

soreen, shown as il m ihree dimensions

2 pm Fiber Lasers (CW, Q-Switched, Mode Locked)
2 pm Fiber Amplifiers (CW, Pulsed)
2 pm Broadband Light Sources (ASE, Supercontinuum)
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* DIGITAL HOLOGRAPHY continued

Holographic television or
telepresence
The nexr SLeps bl.'}'l | |J5.':|'I.:I.L‘|‘|i\. di;;jl::l.] ho-
lography is hologeaphic welevision oe ele-
PIL‘M’.‘l'I!:\'.'.T]'I.L' idea is to record dip,.il::l.l holo-
grams at a video-ike frame eare, teansmic
them, then display them in their full theee-
dimensional gloey ar the same frame eate.
S0 fal', the most il'n'pn:mi'.c “]'I.l:-lil-
graphic™  demonscrations  have mor
invelved Ay real Imlt:-g.'.r.'un:.. The famed
“h |]||g|.1|]i" of Princess Leia ph:ﬂding.'. far
help in Star Wars: Episade Iin 1977 was
A non huluglaphil: hpcl:ia| effect. A series
of recent dL‘ITIIlﬂh[l'il[i.ﬂ.lﬂhiltl“]llljlIgli.’lpl!jl:
telepresence” including fururist Ray
Kurzweil and |t:-n;;-ul|:nd Fapper Tup.‘lc
Shakur were also f;ikl:a.._ based on l|'|c
“]:'L-pru_-.",. Ghose™ i.”ll.ail.:ll'l., which pl(:lil\.'l.'r.'u
a 20y image onto a clear screen on stage.
H|||ng.'.1'i'l.p|'|in.' MG ion pin.'[m'a.‘n or rele-

Recording hologram

) halogram

Reference
wave

Reconstructing image

Spatial
light
madulatar
displaying
halogram

FIGURE 3. A digital holo
ad i

on a CCO, than

Fer digital recol
halogram, the processad digital halogram

15 displayed an

atial light moduiataer,

waE

1 an image of the object.

vigion has been a deeam since the 19605,
bur Vears of dev |:|I.:|.1|]!|L'I'|r with :l:l'L:.i|I.:||?|
technology Faded away in the mid-1990s.

In the past few several vears, digital real- |

rime hologeaphy has made major prog-
ress. “Capture and compurarion are

pl'u'L'j:rl.p; ot 0o be the barriers char pea- |

ph.' have heen ﬂhhul'l'ling I:|!L'!| would be,”
SaVs V. Michael Bove of the MIT Media

Laborarory. “The display itself is the lim- |
iring faceoe,” Developers are using inex- |

PENSVE CAMERAs [0 caprure images in
incoherent light, then using compurers
[0 generile the |'m|.||;..u'.'|f‘|‘|.-.1 with much
of the compuration done at the display.
The eesults have included some
eye-carching demonstrations. Nasser
Peyghambarian of the University of
Arizona ITI.I.I.'MII:I, AZ) rmd s.'sl”l:rlp‘ul:a
in 2010 demonstrared telepresence ar
one frame per second u:iinp,, a new pl'll.:l-
[Ul'l.'l.]'ii!.[i'-l\.' I'|'|.‘|[|:|'i.‘|l."' In 3|'.||.E1 Bove's

group at MIT hacked the gesmure-|
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*» DIGITAL HOLOGRAPHY continued

|¢.'|.1|g||j[il.>|'| camera from a Microsoft Kinecr 1o Benerale npur
i|‘|'|.'||.'||.'1. which !|I|.'5.' |'l|.‘l!-C\'.'\h\'.'IJ with imaging |.||i'|\h and dis-
|‘l|:L!. ed wsing a custom-built acou .\.I:I.J-up[il\. |‘l|l\.l|rl\.'I:l\.lf.-i|n:--.'4.'i|'|;.'L

!.',I'EI.IJIJ.'I'.I.' student Edwina Porrocarrero dressed up as Princess
Leia (see FiH. 41

Dutlook

[.h;a;ilul I:nr.'\.'hn|||-:J|:|:.' has hfl:u;l;l‘lr |\|;.'. U PrOVEMENTs To horlo-
graphic imaging. Digical imaging and processing continue
their relentless advance, and Kim is oprimistic thar thanks o
such new rechnology and impraving pixel resolurion, “new
holographic imaging capabilities ver o be conceprually imag-
ined will emerge.”

The progress of real-time holographic video also has been
impressive, but vough problems remain, The resolution
remains more like thar of early electronic welevision dem-
onstrations than those of Apollo-era color welevision broad-
casts. Don't expect 1o keep that old analog CRT relevision
set hooked up o a digital converter and a VOR working long

enough o replace it with holovision, <
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*»COMPUTATIONAL IMAGING
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Lens-free on-chip microscope
is field-portable

ALON GREENBAUM, UZAIR SIKORA, and AYDOGAN OZCAN

> LINEg g

iy iHhIEiL'hf METSCOPY is widl.'|:.' used
In various I'i|:||.§.-|, ilh.']ul]i.nﬁ bicmed-
icine \'l:'.ul[l'lrh.‘.-h, il |u:i|J;1nh.':tI:i|l
limiration of optical microscopes is
that they have a limired field of view
(FOW Y, which makes it labor inten-
sive, tedious, and eelatively expensive
w0 derect rare microscopic fearwres of
incerest (for example, abnormal cells
or signatures of parasites). Another
limirarion is theie relatively bulky
structure, which makes the tech-

a)  Multibeight
phase recovery

Backpropagation

Amplitude

ﬁa

Phase

nigue less suitable

fese field wse.

Digital in-line
holography

To address these limi-
tations, lens-free holographic on-chip
imaging techniques can provide high-
resolution inugc.-. OveET |.ilr|.:|.' -|;.111I|‘l]|.'
areas using compact, lightweighe, and
cost-efiective designs. ™ In one example
of a lens-free b ||.1||.;I:1|1]'I.u_ MECPOSCOpe,
the underlying operation principle is
based on partially coherene digial in-
line helography, where light-emizing di-
cdies (LEDs) are used for illemination
|see Fig. 1} Bur-coupled o multimode
optical Abers, each LED illuminares the

b} )

Microcontraller
LED array

Oiptical fibers

Antrotaton
CMOS stage Iock

Rotational I-shift stage |

specimen with an effective aperture size
of abour 0.1 mm. This illumination con-
figurarion ensures thar the light imping-
i]'l.!.',(.ll:l th:nF\x.'ln'u:II., which is ]‘!mi[imcd
Very c|u'n‘ o the imnp.c SCTRSOE, is nufﬁ-
ciently coherent that the scatrered object
held can interfere with the backg round
{that is, unscarrered) ligh,

The resulting interference partern
encodes the phase informarion of the
objecr in the form of an in-ling holo-
geam sampled wsing, for example, a
CMOS sensor array. The same holo-
gram-recording geomerry, under unic
fringe magnification, can also handle
the relatively large bandwidih of the
source withour sacrificing sparial reso-
lugivn. On che other hand, the pixel size

Pl
super-resalution
umit

Sample
position lock
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*» COMPUTATIONAL IMAGING cantinued

ar the sensor aeray presents a challenge for improving sparial res-
alution o submicron FANge.

To mitigare this sampling limiration, we use an array of
].[".]'!.\., which are |:|1.|J'|-. iduﬂll!: Cur I'I'\.'IJ o and GI!’I: [ i3] :i]ljfl: the
lens-free in-line |:'|||Jug.'.|.‘:lmn. of the \:l|.'|iL\c.' ts at the sensor |‘l]:1.:|1.|:.
Based on 'p'l.t:cl sUper -resolurion [L'\_'|:"|L1iq|J|.'n., WeLan sy nthesize
an in-line hologeam that has effecrively much smaller pixel
size, }'il:h]iﬂ;l; sub-micron Spa tial resolution across an FOV |||:,
for example, 30 mm?®, which is more than 100 rimes larger
than the FOV of a typical brightfield microscope with a com-

1.2,

P rable resolurion, 5 Asa T!lfllilf of CONCEPT, such lens-free
]I.|||l::l|.:|.'||1]1.j|.' t:lﬂ-n.']'l.ip mil.'l'll:ﬁ.'l::lpl.':'r based on pnr!inl]g. coher-
ent in-line |:|::||ug|.1p|n}. were used, for l\.‘!l\'.1|:1'||1|.|.', to ima;.;i ng of
malaria parasites, performing cytometry on a chip, and high-

theoughpur detection of warerhorne parasites.!

Multiheight phase recovery algorithm

Relatively recently, the same platform has been modified o
beteer handle dense and confluent samples, which present chal-
lenges for lens-free on-chip imaging in general due 1o its rrans-

mission BEQImCLT }..Tll address the iI11;3;|;c distortion thar occwrs

for dense samples, a multiheighe phase recovery algorithm
was implemented in partially coherent in-line hologeaphy. 10

This algorithm requires a few intensity measurements
acquired ar different sample-to-sensor distances. Each mea-
sured in-line hologram is pixel-super-resolved independencly,
after which phase recovery is iteratively achieved by propa-
gating (using the angular-spectrum approach) back and forch
among these different super-resolved planes jsee Fig. 1a). This
iterative process neither assumes prior information abour the
sample dimensions nor impoeses a spatial mask for affecting
the convergence of the algorithm, Instead, it reinforces the
super-resolved field amplicude of each hologram plane while
converging on the unknown object phase.

In our held-porrable design, a Z-shift stage was implemented
o abtain different intensity measurements ar different heights
(see Figs. 1b and 1c). This stage is based on a nur-and-screw
principle, where the CMOS image sensor is positioned over the
moving nut while the screw is stationary. As the Z-shifr knob is
manually turned, the distance of the image sensor to the sam-
ple is decreased or increased. This design is cost effective and
has a precision on the order of 10-15 pm. On the other hand,
the exact Z shifts do not need o be known a priori since they
can be digirally esrimared by applying an aurofocus algorithm.”

Pap smears imaged

To validare the performance of this field-portable microscope,
ligquid-based Papanicolaou tests (Pap smears) were imaged. The
Pap smearftest is considered o be one of the gold-standard
rests for cervical cancer screening, which is the second most
common cancer among women worldwide, Cervical cancer
leads to abour 0.3 million deachs each vear around the world,

www. laserfocusworld.com Laser Foows World
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FIGURE 2. Irmnaging results of the lens-free mulibemght halographic mcroscope are shown.

a) Ampliude and phase images am shown ol @ confuent Papanicoelaou 1est (SurePath

praparatan). A 40X-objectiva-lans micrescops image is also pravided for camparison,

b The amplitude, phaze, and convantanal microscapa images af & Papanicolaou bast

(ThinPreg praparation) are shawn, The recanstrucion procass doss nal rmguire addibanal

infarmation such as spatial mask or object dimensions,

especially affecting developing counrries
where prescreening programs are not
enacred.

Figure 2a shows the backpropagared
lens-free images that were ohrained with
our feld-portable microscope, using five
intensity measurements acquired ac dif-
ferent heighrs, The sample is a 2D conflu-
ent Pap smear [the SurePath preparation,
produced by BD of Franklin Lakes, NJJ,
and only a small portion (30 mm®} of the
reconscructed FOV is shown. For com-
parison, & 40X (0,65 numerical aperture
objective lens image of the same FOV is
also provided. Note that the inner mos-
phology of the cells shows an enhanced
comtrast in the amplitude image, while the
boundaries of the cells are betrer resolved
in the phase image. This might facilicane
the calculation of the nuclear-to-cyno-
plasm rario (NC rario) of these cells, where
4 high NC ratio might indicare thar a spe-
cific cell is abnormal or precancerous.

To further validarte the performance
of the field-portable microscope, a dif-
ferent type of Pap test (the ThinPrep lig-
wid preparation, by Hologic of Bedford,
MA) was also imaged. The backpropa-
gated ampliede and phase images and

Laser Foous World woww |

the corresponding 40X microscope objec-
tive image of this test are shown in Figure
2h. These resuls demonstrare thar mul-
heighs phase recovery is able to reconstruct
samples with complex soructure, withowt
the need for spatial masking or filering,
which reveals the promising posential of
this microscopy platform for pathology
needs in resource-limired setrings. «
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*» TUNMABLE SOURCES

Broadband OPO spans
the mid-IR, no tuning needed

NICK LEINDECKER and KONSTANTIN VODOPYANDY

A doubly resonant, mid-infrared
degenerate optical parametric oscillator
{OPO) produces an extremely broad
instantaneous output bandwidth,

b runed over 2 wide
spectral range, it is
challenging 1o do so

tinuous fashion,

eliminating the need for the finicky
tuning required in nondegenerate OPOs. Doubly resonant,

Oprical  paramerric  oscillarors
(OPOs) have long been recogrized
as a versatile means of producing
optical output in important specrral
regions unreachalle by laser sources.
The mid-IR is one such region, rich in
spectraseopic informarion bur undes-
populated by convenient laser lines.
Ovwer the last few vears, our group
has investigated a special class of
doubly resonant OFOs for broad-
band mid-IR generation.

In a rypical OPO, a strong kaser
pumps the second-order nonlin-
ear sascepribilicy of a suitable opri-
cal material. When combined with
an appropriate resonator for oprical
fecdback, oscillation is established ar
one or more longer wavelengths, The
oscillation wavelength is often tuned
by adjusting the parameters of thie res-
anator or nonlinear material.

With their broad runabilicy and
substanrial outpur power, OPOs ane
used extensively for mid-1R spec-
reoscopy. Quantum-cascade lasers
[QCLs) nevw offer a tantalizing alvee-
native, bat the restricted mwnability of
individual devices is srill a limir for
very broadband measurements. On
the other hand, while an QPO may

Jully 2012

degenerate OPOs
In conerast, we have developed an
instantaneously broadband OPO
syatem. I is especially suitable for

parallel, high-resolution spectrosco-
py based on the principle of Fouri-

er teansform TR specrromerey.,’ The
OPO is designed 1o operate doubly
resonant for low pump threshold (less

M1 PIT control

in a precise and con-

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

than 10 mW] and is locked near de-
generacy where the center wavelengrh
of the purput is rwice rhat of the pump,
and the acceptance bandwidrh of the
nonlinear process is very broad. When
coupled with a low-dispersion reso-
nator, we achieve exteemely broad
ourpat bandwidth, with no need for
knob) for wavelengeh tuning.

Key to enabling these designs has
been the commercialization of sta-
ble modelocked ulirakast fiber lasers
in the near-IR (NIR}, When used o
synchronously pump our systems, the
“comb™ of modes of the NIR pump
laser is rigoronsly translaed inmo the

www.laserfocusworld.com Laser Focus World
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mid-IR by phase- and frequency-locked downconversion, with |
extensive spectral broadening, a characreristic of doubly reso-
nant degenerare OPQs*

So far, we have demonstrated broadband mid-IR genera-
tion in a number of systems using both periodically poled
lithium niobare (PPLN} and orientarion-parterned gallium |
arsenide [OP-GaAs) as the nonlinear oprical marerial, with
pump sources including echivm-fiber {1.5 pm) thulium-fiber
{2.05 pm) and Ce:ZnSe (2.45 pm) modelocked lasers. ™ In owr
most fecent system (see Fig, 1), the pump laser is a Tm-fiber
oscillaror-amplifier system peovided by IMB A America (Ann
Arhor, MTj with 600 W average power ata center wavelengrh |
af 205 pm. It produces pulses with duration of 93 fs ara rep-
crition rate of 75 MHz, The OPO pesanator is a 4-m-long ring
caviry that is marched in length o the pump reperition rare. |
The intracavity optics comprise a flat dielectric mirsor M1 |
with high reansmission for the pump and high retlectiviry in [
the 3-6 pm range, and several gold-coated mirroes with high
mid-1R reflectance.

OP-GaAs crystal provides gain

Broadband gain centered ar4.1 pm s provided by a 0.5-mm-
long quasi-phase-marched ((PM) OP-GaAs covstal, grown ar
BAE Systems (Nashua, NH) by a combination of moelecalar-
beam epitaxy and hydride vapor-phase epitaxy, resulting in
a QPM “film™ thickness of grearer than 1 mm. The samples
have a usable aperture of 1 x 4 mm. The QFM period was
605 pm, which amounts o only eight domain reversal pe-
riods over the full length of the 0.5 mm crystal. The crys-
tal was cur and polished for operation ar Brewsoer’s angle
{737 and polarizations of all interacting waves were paral-
lel te the <1115 direction in GaAs. Yoorium aluminum gar-
net (YAG) or calcium fluoride (CaF,) with negative group
velociy dispersion (GVD, didw®) ar 4.1 pm is inserted

Tt FIGURE 2. Whan
kmshked, the OPO

-ﬂmmﬂm‘ll produces a slabis

T=0 2
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basdwidih caitpul
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> TUNABLE SOURCES continued

inside the cavity at near Brewsters an-
gle, partly compensating the posirive
GVD of GaAs. Ourpur is taken as Fres-
nel reflection from this plare,

Double resonance imposes steier phase
consteaints on the resonator lengrhs ac
which the OPO will oscillate. Typically,
as we scan the round-trip caviry length,
we observe several peaks in the ourput
separated by the pump wavelength. Near
threshold (20 W pump power), oscil-
larion oceurs ar a single length. As the
pump power is increased, we observe
oscillation ar adjacent length derun-
ings, with about 20 peaks ar 600 mW
of pump power. The curpur spectrum
is found o vary with caviry length due
1o the interplay of additional resonator
phase and uncompensated dispersion.
However, when locked ar the oprimal
resonant lengeh, the spectrum is stable
and exhibits extremely broad bandwidth
of 2.6-6.1 pm [see Fig. 2). We have our-
coupled ap o 40 mW from this system

using the Fresnel seflections from the dis-
persion compensating place.

Ahsorption spectroscopy

The resonaror is enclosed in a plastic box
1o permit pueging with dey nitrogen. Oth-
erwise, strong effects from incracavity
absorption and dispersion due o atmo-
spheric CO, and H O appear in the our-

Transmission log (T}

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

pur spectrunt. By inroducing reace gases
into the QPO resanator, we were able o
make sensitive measurements of their ab-
sorprion spectea through their effect on the
OPO specteum, Fig. 3 shows the absorp-
ricn specteum of methane gas near 3.3 pm.

These results demonstrare thar degen-
erate synchronously pumped OPOs
show grear promise for achieving ulrea-

v
10!

1a°

3 i i ;
10 320 ENT 330

EED EXTH 345

Wawelength (pmi)

FIGURE 3. An absorp

10 ppm) miar 1.3 prn was ablained by infracavity spactra

m of methane gas jata o

. Shewn for carm

the methane spectrum obtained from the HITRAN (high-resolufion fransmission mokcular

absorpdion) database currently mantained by the Smithsonian Astop

[Cambridge, MA).
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broadband aurpurs in the mid-IR. Our
-\j.l.'!.',I:I'IL'I'ﬂ[L' Gads-based OPO |1|L:|I:'|p|.'ni
hg a Tm-fiber laser offers a more-than-

octave-wide ourput from 2.6 o 6.1
The GaAs-based OPO
pumped by a Tm-fiber
laser offers a more-than
octave-wide output from
2.6 to 6.1 um, where OH,
CH, CO, and NH bonds
show their strongest
vibrational signatures.

pim—ai range where UH, CH, ".:[}, and
NH chemical bonds show their sore WEESD
vibrarional \i;;l'l.‘l[un:\. |:'fn|‘l|.'f incracav-
j[) dinpl:niun management is essential
for achiev il'l'r;, such wide bandwidrhs. In
additien o che broad |’|'|.'qu|.':|.|.'.| COYEer-
age, the bow pump power .I'L'I.|I.Ii|l\.'l\l [

reach QPO threshold and the phaselock-
ing of the signalfidler to the pump render
this system a porentially ideal source for
precision frequency-comb spectroscopy

in the mid-IR. <
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Gain peaking doubles the bandwidth
of Ge photodetectors in CMOS

JOHN WALLACE

Technigues now exist for greatly
increasing the bandwidth of germanium
photodetectors {abricated in silicon
integrated photonics, teking advantage

of new

created via CMOS proceases.
Integrated phoronic systems based

on silicon {$i) can dramarically boost

dara reansmvission rates over those for

all-eleceeical transmission, Network

and rack-to-rack oprical interconnects

based on & phownics are already in

wse; in development are chip-to-chip

and, furcher our, intrachip Si-hased

oprical interconnects. A powerful

muotivating force behind Si phoron-
ics technology is the abilicy w fabri-
cate integrated photonic systems using

standard CMOS processes commaonly

used in the elecrronics indusery.

However, neither light emitters nor
photodetecrors fabricared from Si on
i subsrrates tend ro perform well, so
germanium (Gey—which can also be
partof a CMOS-compartible process—
is often used as the active companent
marerial, integrated into the silicon
plarform via epiraxy.

Far photoderectors, the low absorp-
tion coefficient of 0.2 dB/pm for Ge at
1550 nm {the wavelengrh uswally used
fiar &i photonics) resulrs in plvsically
large devectors. Ahhough larger sizes
increase responsiviry, they also lead o
larger parasitic elecerical capacitance,
which reduces the derecror band-
width. In addition, if bump-bonding

duly 2012

is used o bond the
Ge component to the
Si substeare, the par-
asiCic capacitance is
even further increased.

, More complex structures

Three Lypes of

gain peaking
A ream of researchers from the Univer-
sity of Washingron {Seatcle, WA} and
the University of Delaware {Newark,
DE) has developed an approach o Ge-
on-5i deteeror fabricarion thar allows
for larger derecror sizes while reduc-
ing the parasitic capacitance.' The
approach, which so far cxises only as
a simulation, would ke advantage
of recent fabrication technigues that

Top metal

Si
wavegude

FIGURE 1. 5i

allow the fabricarion of multi-meral-
layer devices, such as metal-insularor-
metal (MIM)] capacivors, adjacent to
waveguide-coupled integrated detec-
toers (see Fig. 1),

The researchers” approach is called
gain peaking—a technigue rhar is
mast commoenly wsed by electrical
engineers for optimizing the design
of amplifiers. There are a number of
diffecent rypes of gain peaking, and
the researchers teied out theee of them,

The firstis called series gain peaking,
which produces an increase in derector
bandwidth of abour 40%:. The second
involves incorporating an additional
capacitor to produce a bandwidch
increase of wp o 100%. The thied,

MIM capactor
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called shunt :.:_lil'l |\L':l|s.i|'|g,. resules in a readeoff of nasrowband
Dperitinmn far 2 l.qur increase in \:-|l|.'r.‘|:i|||.; fe CUeney.

Serics |.::.'|i|'| pmki B Foquiecs the addition of an inductor in

series with the load of the |!l|'|¢|[-\.u[rr|:-\.!ﬂr. In ane l\.':l\.‘1||'||1|.|:1 a
detecror with a '|1:I.|.ith:i|. capacicance of 35.2 fF and a resis-
rance of 130 £ kas a bandwidth of 25 GHz. Adding an indwc-
wor of 0,57 nH (a reasonable value for an ing

raises the bandwidth to 35.5 GHe.

ated inducroe)

e

Cine I:|'|||'|,__ to watch out for in series gain |h.':'.k mng 15 the prssE-

ble inceoducrion of \_:L"r|'lLr‘|iilﬂ |diffier i:'.g.'. I.L|‘|||.'JL'|:L}. 5 lor |]i|’|‘|:1u|_\.1

l:IL'I.|I'. ncies). In the I.':u.:].l'l.l|'||L'-\.||I.'rL'L o, the masxinum djh|l-\.'r\il:-l'l

15 ||sL|.}. 0.3 psata AnGHz r'n.-..;m.-m:y, which is WEFY AT in com-
to the 28.2 43 p-rrul\.'. af the full 35.5 GHz bandwidrh.

In enhanced series

PilEls

i |\|.':1L i.l'I_I;, A0 CEOE PATASITG Capac-

rande becomes part of the circuin, either incr inhn.:'l'.l}. II]'.I\..‘I.I'r:I'I

|‘|||||‘|'|1-|1-:J|:'|a'.‘|i:|'.|.;|1 o in[\.'l.'lllllll:l“} added ||:.' i|Jn.'||:|Ji||;|1 a MIM

L:Ipfli.i[l\..l[. T|'.|||'|.;|'| this ..'.’r|'|il|.i'.:'|r|;.\.' waoild I.II!UJ!IiI.”} derract

from the detecror™s Periarmance, l)|l'.il'l1i.'.l:ll.!.', the added induc-
wor can actually increase bandwidch.
The researchers derermined -::lpril'l'l'.ﬂ ca |‘l.’u.i‘..‘| nee and indoc-

xirmnizes the

pes via a two-dimensional !:.|.1du'|'|r th

the 29 GHz bandwidth of one derector was boosted 1o 57 GHz
|'.~i:|.|; rl".n'.lr.'Lh:r.l.qun.'—:u'l im|‘lu.‘|.'|.|‘|:||.1l.r of 97%, The maximum
dispersion for this detecror was anly 0.6 ps ar 46 GHz—again,
small in comparison to the period of the full bandwideh.

Shunt peaking

In shuns gain peaking, a detector circuit for a detecror operaring,
in oaly a narrow band can be made o operate aca very high fre-
guency (far above thatof a broadband derecror) by adding ancothes

capacios m prevent a short cireuic at low speeds. In one example,

Mormalized photecurent (5o
*

2w 10 4 %10 A w E w0 = w0 11 %70

Frequancy {Mz}
FIGURE 2. Mor

s shown lor an u

1eheirn gl fres

G phi star | rid lar
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adetector with an unmaodified bandwidth of 30,6 GHz can, with
proper values for '\.':|.|'|::|L'i|'ﬂll...'l.', resiscance, and inducrance, be al-
tered to have a bandwidth from 591 to 93.4 GHz, |‘l|.'."|l\.1||).'L A
t thar ar (0 Hz {see Fj_l.',. 2,
dd o CMOS inre-

B ated :.Ih.l.li'.l:}. the inductors |¢.'|.|ui||.'|] Har |.=|.1i|| |l|.':51.n|g.'. tor

7i4 GHzwitha FEspOn ivit vl 82

W hile inducrors are nor alw AR CASY T

o |'|I'|\:l[\..||J|:|L'\_r‘|f.\ camn take a relatively sim p]L BoOMmeTey, thae

of a double SLfe hpi|:|| E.‘lLillH up a wral arex 75 = 75 Hm

square, with a 10 pm ow idih for the spiral rrace irselt. Most
of the hpil al is made from the op metal l.l}. er, with the nul_\:,h.'
ceossover fabricated from the lower meral layee.

The researchers did a o

LOHSE i1|1.‘1|!.'1i.‘| of the |‘|'|u[-::-Jr||:-\.'.e||

CERCLMES, ESf rLl.‘l”:. the combinarion of P asinic resistance and

nal noise. For the

the inductor, which Lageries produce th
1|'II.III|-|.":IL'.'Ik\'.'I.I detecror, the ratio of excess nodse from shunt-
peaking vo the lead noise was abour 0.4 ar 80 GHz.

The researchers note these ;.i:||‘l'.||1i]iri|.:1 SICTH \.'I'I'lill]:! trom the

o |l|.cn steucrures now aviilable in {:M["‘.‘i-n.ul'llpn

le 5i phl

Tonics; [.'Ikillp adva nLage af them could |n.'i1[in.[:||.n|l:. double Ge

|1|:mlsu|n.'[n.[u| bandwidths with no harmful side effects, ]
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Femtosecond laser mirrors

The new FSO1-MTi5455-25.4 and FS01-MTiS45P-25 4,
part of the PulseLine fs laser optics fine, are 45° turn-
ing mirrors. The 1B5-coated mirrors provide reflectivity
>99% in a standard 25.4 mm siza. They are used for
multiphoten microscopy and femtosecond laser spec-
troscopy, and cover the full Tisapphire [aser tuning
range (680-1080 nm.)

Semrock

Rochester, NY

www.semrock.com

Laser cutting head
The LightCutter cuts materi-
als up to 5 mm thick, including
stainless steel and aluminum,
using fusion cutting, and cuts
mild steel up to 10 mm thick
using oxide cutting. The seaked
unit i designed for integration
into flatbed cutting systems
with an average laser power
range of 500 W to 2 kW,
Precitec KG

Gaggenau, Germany
n.rahner@precitec.de
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enmaell com

Laser-driven light source
PFart of the LOLS laser-driven light sources for use in
radiometric calibration, the EQ-99CAL is a calibration
light source that covers the complete UV to visible
spectral range with high brightness and stable output
levels across that spectrum. It has a 1000-hr or
one-year interval between calibrations, and a

bulk life greater than 5000 hr.

Energetig

Woburn, MA

dgustafsen@energetiq.oom

Pulsed laser diodes
The CWN Series of high-power monolithic stack,
pulsed laser diodes affers stable operation in extreme

environmental conditions, from -40° to +85°C.
Cperating from 835 to 915 nm, with a typical peak
wavelength at 205 nm, they provide peak power of
375 W and come both singly and stacked. The fiber-
coupled devices are operational up to 188 W.

05 Laser Diode

Hawthome, CA

pscarillo@osilaserdiede.com
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2 kW fiber laser

The JK2000FL is 2 new 2 kW fiber
laser offered as an alternative to tradi-
tional CO, and MdYAG laser sources
in the automotive and aerospace
industries. Used with processing fibers
from 100 to 200 pm in diameter for
cutting and welding sheet metal, it
can cut 15-mm-thick low carbon steel

(LCS), & mm aluminum alloys, and 10
mm stainless steel (30455}, and weld
& mm LCS and 30455,

JK Lasers

Bedford, MA

sales@jklasers.com

Interferometer for stitching
The QED Interferometer for Stitching
(215) system incorporates a propri-
etary coherent imaging system to
obtain measurements with higher
fringe densities and greater con-
trast. The optical design is engineered
to reduce commaen errars, such as
retrace and magnification errors.
Greater focus travel allows measure-
ment of parts with shorter radii than

with a general purpose interferometer.

QED Technologies
Rochester, NY
townell@gedmrf.com

Galvanometer scanner

The Elephant is a seven-axis galva-
nometer-driven scanner for advanced
drilling applications. Using a femta-

New products

second laser, the system provides fast
ablation with minimal thermal influ-
ence on the surrounding area. With

flexible hole diameters and geometries,
it is available with apertures of 16, 21,
and 31 mm and wavelengths of 355,
532, 1064, and 1550 nm.

Arges

Wackersdorf, Germany

info@arges.de

Imaging spectrograph

The IsoPlane imaging spectrograph
features a mew optical design that
eliminates the primary aberrations
present in traditional imaging spec-

trographs. Features include a large
ff4.6 aperture and a motorized triple-
grating turret, as well as increased
effective signal-to-noise ratio (SMHR),
reduced coma, and the elimination of
astigmatism.

Princeton Instruments

Trenton, M)
dtbaum @ princetoninstruments.com

Singlemode fiber

Accutether singlemode fiber is
designed for defense applications
where the fiber experiences tight bend,
such as a coil. The fiber has been
tested to 200 kpsi and is available in

Laser Foous World www.laserfocusworld.com
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VCSEL

High-Power (kW)
High Efficiency >55%
Surface Mount
Speckle Free

www.princetonoptronics.com

Our VCSEL Key Differentiators:

+ High power {10-1000W) from a
single chip, BkW from a module

+ Low Cost (single device, arrays)

+LED like surface mount packaging

+High temperalure operation to 95°C

+ Excellent wavelength stability
(<0.0TAmOC)

+ Speckle-free illumination-see below

« 640, 780, 795, BOB, B30, 976, 1064,
1550nm

2ZkW-808nm
. VCSEL side
+ *_ pumping

Speckle Free lllumination

Applications:

s lllumination (works like LEDs, but
with small size and high efficiency)

+Solid-state laser pumping (chips,
high power modules for end and
side pumping)

+Sensor applications, single mode
devices (1 1o =100mW) and arrays —
high volume available

+ Automotive- low cost ranging

i ) PRINCETON
OPTRONICS

lvww.princsromprmnics.mm
sales(@princetonoptronics.com
(609) 584-9696 ext. 107
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New products

long continuous lengths. The
standard fiber has an optical
diameter of 245 ym and a
reduced wersion has an 80 pm
cladding and 160 pm optical
diameter.

OF5 Specialty Photonics
Division

Brandby, Denmark
www.specialtyphotonics.com

Spectrophotometer

The VUWVAS scientific-grade spectrophotometer otfers long
lamp life at 120 nm and is designed for analysis of doped
and crystalline mate-
rials, deep-UV optics,
and coatings. It
provides direct opti-
cal characterization
of transmission and
variable angle reflec-
tance, with gas cell
absorbance optional.

efficient optical signal switching

oplical fiberswitch from plezosystem jena
swilching time in miliseconds
wavelength independent and efficient
signal ransimssion
specificaly designed for metrology and spactroscopy
cuztom configurations vpan requesf

Ep:ezasysremjena

incredibly precise

TO  Juyzotz

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

It also offers reproducible wavelength control throughout
the 120-350 nm region.

McPherson

Chelmsford, MA

www.mcphersoninc.com

Motion controller
The Polaris motion control
systemn consists of a con-
troller, amplifiers, and real-
time communication net-
work for distributed motion

control. Software includes
general motion control, computer
numerical contral (CHC), and machine setup,
tuning, and programming tools. The system can serve 124
synchronized servo axes, with position resolution measured
in picometers.

Precision Microdynamics

Victoria, BC, Canada

merlic@pmdi.com

sCMOS camera

The Zyla 5.5 Mpixel scientific CMOS (sCMOS) camera has a
rate of 100 frames/s, with rolling and snapshat (global) shut-
ter modes. It has read noise
down to 1.2 electron rms
and can read out the sensor
through a 10-tap Camera
Link interface. & 3-tap ver-
sion is also available, offering
up to 30 frames/s.

Andor Technology

Belfast, Morthern Ireland

www.andor.com/zyla

&4

Collimating lens
The FAC3I00 lens
collimates the fast

axizs of high-perfor- ;
mance laser diodes. y /
It has a focal length

of 300 pm and

lens opening angle

numerical aperture of 0.7 for use with single-emitter and
bar laser diodes operating in the near infrared from 770
to 1070 nm.

LMo

Dortmund, Germany

www.limo.de
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Fiber laser motion control

The LAMC1 laser marker motion package is designed for mark-
ing text and graphics on cylinders. It i integrated with standard
marker sottware, and creates motion profiles, establishes serial
communication, and sets input/output. Automated functions
such as seralization,
step-and-repeat, or
laser marking can be
programmed. It is avail-
able in direct drive or
predsion rotary stage
VETSIONS.

Miyachi Unitek
Maonrovia, CA
info@muc.miyachi.com

Polarization control
The MPC-202
multifunction
polarization con- |‘ !
troller is designed j
for developers of
coherent detec-
tion systems. It uses cascaded sets of piezoelectric actuators
under microprocessor control fo change the polarization and
generate a variety of complex polarization pattemns. It oper-
ates between 1260 and 1650 nm in tour modes—scrambling
lincluding tornado), manual, modulation, and triggered.
General Photonics

Chino, CA

swey@generalphotonics.com

IR sensor

The Fico384E thermal sensor includes the Inter-Integrated
Circuit link used in many of today’s electronic devices, making
the sensor compatible with large-scale production processes
used in visible cameras. The 17-pm pixel pitch uncooled sensor
is designed for com-
pact IR cameras used in
high-end military and
professional applica-
tions that requira high
tharmal sensitivity.
ULIS

Paris, France
www.ulis-ircom

2

ZnS optics for mid-IR lasers
Zinc sulfide (Zn5) CLEARTRAMN components are used with
Ho:YAG pumnped optical parametric oscillators and other laser

Laser Foous World www.laserfocusworld.com
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New products

systermns in the 2-5 pm spectral
range. Substrates, coated using 185
technology, range from 5 to 150
mm in diameter. Surface acouracy
is W10 at 632.8 nm, with surface
quality of 20, Laser damage
threshold of the AR bands i =8 If
cm? and the HR bands is =50 liem? .

RED
Boulder, CO
MarkD@reginc.com

Raman engine
Supergamut Raman

engines are 72 Raman
spectrometers, which
feature volume phase
gratings, customizable to
amy wavelength range.
They are designed to
observe small concentration changes, detect small amounts
of substances, or ohserve spectra from multiple sources at the
same tima. All spactrographs are dispersive nonscanning; all

GROWTH

Sapphire quality begins with
GT Advanced Technologies

T Crystal Systems, a subsidiary of G Advanced
Technolngies, is recogrized worldwide as

2 keading praducer of high quality sapphire
material. &T's HEM sapphire is knovwn for s high
purity levels (>99.995%|, crystaline perfection

ared large diameter crystak. Leam why the T
world's most demanding optical applications
begin with GTHEM sapphire. Contactus at
sapphiresalesdgtat.com or call +1.978.745.0088.

Gr ADVANCED
TECHNOLOCIES

gtat.com f

Buppblie nindind i
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New products

paoints along the spectrum are obtained
simultanecusly. Detectars are cooled to
-55°C for low light sensitivity.

BaySpec

5an Jose, CA

sales&bayspec.com

Camera and tablet computer
The ScopePad-200 is a camera and
tablet computer to convert amy micro-
scope into a video microscope. It

includes a 2 Mpixel CMOS sensor
camera with 1600 x 1200 resolution
attached to a 7 in. Android tablet with
E00 » 460 resolution on a G sensor
multipoint capacitance touch-screen.
Titan Tool Supply

Buffala, NY
info@titantoolsupply.com

Compact green laser

The X532CWS00is a compact DPS5L
module with an optical power cutput
higher than 500 mWW at 532 nm. Part
aof the ¥-series, the rabust laser features
a planar design and integrated elec-

T2  Juzoiz

tromics. It is designed for lighting appli-
cations and can withstand extreme
environments, making it suited as a
dazzler for defense applications.
Monocrom

Barcelona, Spain
info@monocrom.com

IR objectives

The new FireEye lens family is
designed for compact IR focal planes.
It incorporates developments in wafer-
scale manufacturing, which allows
manufactures to develop technalo-
gies that are smaller in weight and size.
Designed for defense and commercial
markets, they are made in 13, 17, and
22 mm focal lengths.

Rochester Precision Optics

Henrietta, NY

www.rpoptics.com

Miniature actuator
A new integrated miniature actuator
consists of a miniature 8 mm diameter

ball screw, a small DC motor, rotary
encoder, and gearless coupling. It is

designed for applications in miniature
robotics and precision dispensing sys-
tems; available in travels from 10 to
300 mm, with resolution of 1 pm and
speeds up to 120 mm/s; and capable of
peak axial loads to 800 M.

Steinmeyer

Burlington, MA

www.steinmeyer.com

Raman edge filters
TECHSFEC Raman edge filters provide
=93 % transmission to detect weak sig-
nals, and have steep edges to detect

http://online.qmags.com/LFWO0712/printpage.aspx?pg=All &pm=10

small Raman shifts. They offer guar-
anteed transmission widths of <1%,
making angle tuning unnecessary.
The filters, available in 355 and 785
nm wavelengths, in 12.5, 25, and 50
mm diameters, can be integrated into

Raman spectroscopy, confocal micros-
copy, and life science instrumentation.
Edmund Optics

Barrington, NJ
www.edmundoptics.com

GigE thermal imager

The MicroCAM 1024 HD GigE high-
definition thermal imaging maodule
uses 1024 = 768 pixel, 17 pm wncooled
LW IR amorphous silicon sensor tech-
nology. It is available with a traditional
mechanical shutter MUC or optional
shutterless patented XTi technology.

Operating at 30 Hz with sensitivity <60
mk and response time <10 ms, the
imager supports manual focus, motor-
ized focus, and optical zoom lenses.
Thermaoteknix Systems

Cambridge, England
sales@thermoteknix.com

www.laserfocusworld.com Laser Focus Warld
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Manufacturers' Product Showcase

BeamTrack: First Laser Power/ Mew Integrating Sphere Datectors
Position/Size Sensor Combao Mawport |s extending its calibrated integrating sphere
Ophir Photonics, the global leader in precision laser detector atfering with four new models of UV detectors
measurement iniroduces BeamTrack™ Laser Power/ using a 2 inch
Position/Slze Sensors. BeamTrack s a unlque serles ora 8.3 inch
of thermal ET T E] K apherg, for
detectors mfﬂf T colimated or
that combing aser: <.6m — divergent input.
muktiple Also Introduced
tunetions (n " are four models
one davice: - waing a Sl
pOwer, anergy, ! detector with
beam position, [ ; an ntegrated
and beam size. ST 0D sttenuater
The sensors ' drastically
also provide Y increasing
centering and 8 the dynamic
beam wandar, range. The &I
all In a compact wnlt that |= the same aize as aingle functien based detector can measure up to T watts, between the
detectons of the same power level, wavelength range 400 - 1100 nm.

& OPHIR O) Spiricon QS Newport

l.uww.oph:ropt.nnm.l’pIminlucs * [BBE) 755-5490 {800} 222-6440 » www.newporl.com

The FISBA Beam Twister™ The rock solid alternative!

I¥Fti top-adjust flaxure
mounts for 0.5, 0.75 and Wiy OU Mo,
1-inch clamster optics
— the latest addition
to Sizkivou's popular
I%F mirror mounts
product Bne. Tip and tiit
adjustments are located
on the mount's edge
rather than face, making
them the perfect solution
for limited access
The FISBA Beam Twister™ (FBT) s an innovative beam applicatons where face-adjustmeant ts imposaible. Mounts
shaping esement for generating an almost symmetrica have integral split-clamp locks to secure optics position.
beam profile of laser diode bare. The FBT unit conslsts Fine edjustment ia realized through low-stiction, rolled
of & FAC lena with a beam roteting lens array for nearly 100TPI screws, and swaged screw-ends that eliminate over-
ditfraction limited colllmation and best symmetrization. travel. Mounts are manufactured from a single — menalithic
With the corresponding focussing optics (also produced by — piece of spring atesl. Nickel-platad for comosion
FISBA) the laser power can be coupled with an effickency reaistance theyre ideal for ultraviolat laser environments.
of mora than BO% out of a fiber with 400micron diametar Economical aluminum mounts, exhibiting identica
[NA 0.22) snd more than 70% out of a fiber with 200 micron performance specifications as thelr steel counterparts, are
deameter (NA 0.22). Customized designs on pitch, fill factar, alan avaltabie,

\.'-'EvEIEﬂ-glh eic. are avalable up:ll'l requesl. m
- 'r 3
[ FISBA OPTIK e s

wiwiw flaba.com Get the full detalls at www.sisklyou.com / BTT-313-6418

_ﬂ.
s .‘],-q 3

i allérns
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Optics / Palarizers Manufacturing

INFRARED OPTICS
windows * prams # [enses o filken
Agbr {dTe Sapphire
Agll L Si
AMTIR  Geds 510,
Eaf, L Ins
Caf, KBr Ine

€O, LASER OPTICS
lenset » mitrors » heamsnlitiers
reflectors » output couplen
POLARIZERS
wire grid # free-standing » far (i
FIBER OPTICS
WUN-mid IR single ar bundled anemblies
UW 50, » GeQ » Sapphire » IF
Chaleogenide » Siver Halide
COATINGS
antiteflection » hard carbon
infrared » metalzation

REFLEX. Analytical Corporation
“Serving you acroas the Spectrum®
#0 Box 119 Ridgewnod, Kew Jemey 07251
iternet: wwerefecusa.com
E-maail: refleusagattnet
Tel: 201444 BO5E Fax: J09-670-6737
Reguest our FREE catalog

Halographic Gralings

Holographic Gratings
Laser tuning » Telecommunication

Pulse compressionfstretching
Monochromators » Spectroscopy

= High efficlency « Extremaly low stray light

= Stralght grooves with uniform profile, plane
and concavelioonves

= Standand cizes B « 15 - 120 « 140 mm

= Cusiom made gratings acording 1o Specs

SPECTROGON
Sweden: sales se@spactrogon.com
Tel +46 BGIE2E00

USA: sales.us@spectragan.com
Tel #1 9733311191

UK: sales uk@spectrogan.com
Tel w44 1592770000

W SpeCirogon oo

» Business Resource Center

Optics / Contings Monubacturing

Lattice Electro
(Optics, Inc.

132¢ L Walencia Dr. Fullertes, (A 52831

wwaw.latticeoptics.com
ToT1-088-0532, F- 1142480501

latticeoptics Egmail.com

Need optics & coatings?

Quality, quick service & any quantity

24 hurs burnaround on mostoptics B coatings

CUSTOM optics with a lightening quick deiivery
One of the largest WWENTORIES in the induntry

RS el

, challenge us!

High porwner ultrafmt laser optic
High damage threduald optics B costingt.
High damage PES, high energy beam expanders
Excimer, YAG, (02 optics. OPD, crystal & laser rod
coatings, prisms mirrars, windows, beamsphtters,
polarizing optics, waveplates, filters spherical,
tylindrizal & aspheric lensey, Etalons
I8 imm-20mm thil.

Coating service {1 day]
AR, DAR, TAR, BEAR, PR, ik, Hybeid, Metalic
Utilfrom: 857nm), VIS, NIR, Mid 8, Far A

Catalog
Request pur free catalog

Put your produ_rc?s where your customers

are Fﬂckr'rfg to buy, Sign up foda}r for

"Focus On Products”

Contact Katrina Frazer at 803-891-2231
or kafrinaf@pennwell.com

74  dulyzoie
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Opties / Confings Manufacturing

@©ptiSource

Quality In Optics

WAVEPLATES ON DEMAND
OptiSource has made & personal commitment
1o deliver value o cur customers.

Valu# sguals price plus convesience plus railabiity.
Wie malnialn & coated inventery of sandsd
waveplate diametee, wavelengths and
retardations. WINDOWS, MIRRORS and LENSES
are alse avallable. Ploase call or emall for our
NEW CATALOG or view the tatalog and pricing
malrix ot wwwopsisouseelie,com
Prompt Response & Service
Compare Delivery Quality and Pricing

Ph: S05.792.0077 ) Fax: $05.792.0381

wwwapthioeeslie.com | salev@apilipercelle.com
;ﬂ Tinantain Fark Pl, N, Ste. AD

Albuguergies, New Mexico 87114, USA

/ Filiers Monufacturing

Optical Filters
Infrared, VIS, UV

Bandpass » Longwave-pass
Shortwave-pass » Broad-Bandpass
Neutral Density

»-Firsf quality produchion overrns

w31 00,000 filtevs for immediate delvery

= Tppical size ! inch dia, mast fitters can be turned
down or diced o smaller dimensiang

-3 inch dia & and &e flter waters availabie for
specific wavelsngif

»-{usinm design for prototype or OEM

Applications:

+-Gas Anaiysis-+-Moisture Sensors

s-EmissionEnvironmental Monitaring

s-Analytical Instruments-+-Pracess Contro!

+-MedizaliChnicalifespira torp'Agricultural

w-Alcohal Analyrers-e-Artraromical

e-Laser Instruments-+Machine Vison

- Thermal imaging-»-Fluorescence

Optical Coatings
Anti-reflection » Beamsplitter
High reflactions mirrar
«-Loating Sorace capabilities 193-20000 nm

SPECTROGON

Swieden: sales ie@spectrogon.com
Tal 45 BEIGIAOD

USA: sales. usfispectrogon.com
Tel +1 9733311191

UK: sales.uk@spectrogon.com
Ted +44 158277000

WwwLspecirogon.com
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This is not your grandpa’s planetarium

So it's July and the kids are getting
restless and the tree-house chatter tums
to the so-called "theme parks” that are
scattered across the country. | refer, of
course, to such lofty temples of sani-
tized enjoyment {and equally sanitized
teenage deployment) as Disneyland and
Hogwarts College, etc. etc.

These theme parks are, in my view,
often costly and misguided attempts to
provide an entertainment that vaguely
reminds the participants of the origin of
the concepts but in a highly scrubbed
and aseptic arena. Yes, water slides and
the like are fun, but what do you have to
affer for an encare?

Let me suggest you take a trip to your
local planetarium. | say "kocal” since
there are at least 20 large commencial
planetariums in the United States, and
there may be at least as many in the rest
of the world. Some of the early planetari-
ums {planetaria?) are mechanical marvels
that are limited in display; others wse the
tradiional dome and the familiar barbell-

Theme parks are, in my view,
often costly and misguided
attempts to provide an enter

tainment that vaguely reminds
the participants of the origin

aof the concepts but in a highly

and |'I.">I'":|.I|”.. drenda.

T8  uy 2oz

shaped projector made by the German
optics experts at Carl Zeiss—lena, in the
former East Germany.

However, as you might expect, the
contemporary displays are largely digital
and offer graphic opportunities for dis-
playing the cosmos that are expanding
the form and function of the planetarium.
The latest installations combine advanced
electromechanical technology, complex
video and slide projectors, impressive
laser displays, computer graphics, and
steren and full-surround avdio systems.,

I'm not @oing o mention all the
new planetarium systems, but 1 give
you my comments on & few that really
impressed me. If you would like to do
further research yourseli, you can ablways
do a Google on the planetarium of your
chiice. You will get more details than
wou asked for, but most of the web sites
have a pretty good consumer arientation
that makes them easy to navigate.

My comments are in no particular
order. Boston's outstanding Museum of
Science houses the somewhat recently
renovated Charles Hayden Planetarium,
which has a couple of contrasting shows:
thie rather noisy “Cosmic Collisions” and
" Undiscovered Worlds.” The latter show
can be a visual assault if you have sensi-
tive eyes.

The Hayden Planetarium also has a
live Friday night show, “The Sky Tanight,”
which has a long tradition among
Boston's budding cosmonawts. Waming:
Although the museum and planetarium
have a fine paosition on the Charles River,
exhibits are often crowded during school
vacations.

Of course, no list of planetariums
could possibly omit the grandfather of
them all, the “Adler Planetarium and
Astronomy Museurn” in Chicago. The

Adler actually houses several planetari-
urms, among which is the first commercial
planetarium built in 1913 for the Chicago
Academy of Sciences. Called the Atwoed
Sphere and so named after its designer,
the Atwood Sphere seems quite primi-
tive when compared with the museum's
recently instzlled twin planetariums: one
a traditional Zeiss projector and the other
a fully digital IMAX theater that has yet
to be fully explored and exploited.

Ny third chaice would be the UK's
Mational Maritime AMuseun and Royal
Observatory, Greenwich. This is the
home of the Greenwich Meridian {GAMT).
It is alse the home of London’s only
planetarium. The Royal Observatory is
hosting several events during the 2012
London Ofympics and ParaClympics
that could result in limited access to the
observatory and planetarium from July
through September. Check the museum’s
web site before you go. Google “Peter
Harrisen Planetarium™ for details.

You don't necessarily have to go to a
planetarium to experience the effects
of a nde through the galaxies. Indeed,
all the major planetaria have put a kind
of siide or movie show on YouTube.

Just open up your iBook to see some
startlingly good displays. | particularly
enjoyed the section recorded at Chicago's
Adler Planatarium entitled “Deep Space
Adventure." Just search for “Deep Space”
on your YouTube extension.

Happy galactic explorations!

whe

Jeffrey Bairstow
Cantributing Editor
inmywiew@yahoo.oom
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Established in 1988, CASTECH is well known as a world leading manufacturer of
high quality crystals and optics products for Laser, Telecom, Life & Health Science,

o CpeEb

&.  Birefringent Crystals

6.  Scintillation Crystals

» s

1.  Spherical and Cylindrical Lens
a2, Jtrurs. Prisms and Indnwa
/ Waveplates and Polarizers
: T} Tt 5
IB3, IAD coatings

Long Nd:YVOu
Polarizing Optics

ADD:Building Mo.9, Zone F, 89 Ruanjian Avenue, Fuzhou, Fujian 350003, China
. TELi+B6-591-83710533
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Yearsiin the Making

What Does This Mean for You?

It maans innovation, to defiver the broadest portfolio of cutting adge
ultrafast lasers, 1o ensure the right solution for your wrigue requiraments.
It means expedtise, from the widest scope of witratast applications and
the largest installed base. it means direct access 1o the largest and most
axperipnced global support team in the industry, Choosing the #1 in
Spectra-Fhvsics. #1 in Ultrafast Ultrafast means confidence in making the right witratast decision.

Expertise - Innovation - Results

For over 50 years Specira-Physics’ innovations have served as a catalyst
far advancernent, continually delivering upon your evalving neads in the
araas of advancad scientific research, biological imaging, fine material
processing and medical applications. Put the power of the #1 in Ultrafast
1o weork for wou, To find out mose visit www.newport.com/ultrafast
of call 1-800-775-5273.

@ Spectra-Physics.

A ewpan Conparatien Brand

D Rdewwport. Family of Brands — LX Lightwave® + New Facus™ + Ophir® + Oriel® Instruments * Richardson Gratings™ + Spectra-Physics® + Spirican®
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