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As true innovators in Opto-Mechanics New Focus™,  
is proud to present two new Simply Better™ photonics 
solutions. The first innovation is our “CE-mount” that 
offers clear edge access combined with left- and right-
hand functionality.  

The second is our “Open Cage system” that provides 
easy access to standard optical table mounts in an 
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subsystems that need to be lighter and more mobile 
than an optical table.
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Leading optical scientists agree 
that research and industry stake-
holders need to do more if Europe 
is to maximize the benefits from a 
planned new generation of high-
power laser facilities. That was 
one of the headline messages 
from the “Emerging European 
Laser Facilities: Beyond Peta-
watt” workshop at the recent 
SPIE Europe conference in 
Prague, Czech Republic. 

Marking 50 years since the 
invention of the laser, the work-
shop was intended to open debate 
among senior f igures from 
planned pan-European peta-
watt laser facilities (1015 W and 
beyond). Among the “blue-rib-
bon” initiatives under discussion 
were projects like HiPER (the High 
Power Laser Energy Research 
project), ELI (the Extreme Light 
Infrastructure), and the Euro-
pean X-Ray Laser project (XFEL). 

“International infrastructures 
attract the best research scien-

tists,” Christian Kurrer, research 
programme officer at the Euro-
pean Commission, told del-
egates. “The infrastructures are 
well beyond the man-power and 
financial resources on a national 
level. This is why we need more 
collaborative efforts.”

With access to unprecedented 
laser power and scienti f ic 
expertise, it is easy to see why 
large-scale science facilities are 
attractive to users. In fact, some 
might argue that they are too 
good and that they will pull in 
users (and resources) simply 
because they can guarantee 
results where smaller national 
institutions can’t. “Industries 
want facilities for reproducible, 
reliable results and 100% serv-
ice,” was the opinion of Mike 
Dunne, HiPER project director. 

At the same time, workshop 
participants agreed that there’s 
plenty of work to do to ensure 
that stakeholders in research 

and industry are in position to 
maximize their interactions 
with “big science”. “They [the 
laser facilities] have the scien-
tific experts and we bring the 
industrial methods where the 
networks can really make a dif-
ference,” said Federico Canova 
of Amplitude Technologies, a 

French laser manufacturer.
New European Union member 

states might also question the 
economic returns on their invest-
ment in big science, not least 
because the planned locations for 
all of these big laser facilities are 
in western Europe. Kurrer, how-
ever, prefers to view such chal-
lenges as opportunities. “While 
distribution [of projects] may 
never be good, the key will be to 
break down the borders. Europe 
is all about talking to each other 
and overcoming barriers.”

Europe’s new generation 
of high-energy laser facilities 
form part of an ambitious big-
science roadmap coordinated by 
the European Strategy Forum 
on Research Infrastructures 
(ESFRI). The roadmap covers 
capital and operational invest-
ments running to tens of billions 
of euros in strategic research 
areas like energy, environmental 
science and advanced materials.

After a protracted gestation 
period, Bookham and Avanex 
have merged to form Oclaro, cre-
ating one of the largest suppliers 
of fibre-optic components and 
subsystems in the optical com-
munications industry.

The amalgamation, formally 
announced in January and now 
made official with the unveiling 
of the new brand identity, sees 
a renewed intention to build 
market share in non-telecoms 
applications through the crea-
tion of an Advanced Photonic 
Solutions division.

“The goal is to use our opti-
cal innovations to create a new 
growth engine for the company,” 
division head Yves LeMaitre told 
OLE. “The time is right for us to 
be more ambitious, and adopt 
a more aggressive strategy to 
tackle other photonics markets.”

Bookham’s interests outside 
telecoms have to date included 
high-power laser diodes for 
mater ials processing applica-
tions, and VCSELs targeted at 
consumer markets. The 2003 
acquisition of New Focus also 
gave the company entry into sci-
entific R&D markets. LeMaitre 
intends to grow all these sectors.

“Today these products account 
for perhaps 15% of our business 
in terms of volume,” he said. 
“That’s enough to now drive 
some substantial investment 
from both an R&D and a sales 
perspective. My goal is to double 
that business over the next few 
years. The merger gives us a good 
foundation to build a business 
that can achieve profitability in 
a relatively short timeframe and 
generate additional growth.”

LeMaitre believes that the 
photonics markets targeted by 
Oclaro are today showing similar 
dynamics to the telecoms markets 
of a few years ago: “Some verti-
cally integrated customers are 
realizing that they do not need 
to design and develop their own 
laser diodes, but can buy them 
commercially on the merchant 
market. This gives companies 

like ours every reason to continue 
to invest in those technologies. 
There is strong market interest in 
locating suppliers of high-power 
diodes, so we are looking at a size-
able business opportunity.”

Both Bookham and Avanex 
have been through turbulent 
times in their markets, but have 
now achieved enough stability 
for the merger to make sense even 
during a recession, according to 
LeMaitre: “There have been a 
few difficult years, where both 
companies have had to deal with 
a low cash position and digest a 
number of major acquisitions. 
But we feel that Bookham and 
Avanex together have a strong 
ability to adjust, and our manu-
facturing structure gives us a 
flexibility which we can use to 
our advantage as we enter the 
[wider] photonics market.”

busIne s s  5   e dIToRIAL 9

getting the best out of big science

Think big: facilities like the European 
X-ray Laser project form part of an 
ambitious big science roadmap.

Innovation fuels our ‘growth engine’, says oclaro

LeMaitre: “The time is right for us to 
adopt a more aggressive strategy to 
tackle other photonics markets.”
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WITH THE NEW STARRING

State-of-the-art LED technol-
ogy and tailored free-form optics 
developed by German optical 
design house OEC are the main-
stay of a new, energy-saving 
luminaire that’s lighting up the 
Angerhof building in Munich. 
The illuminated facade of the 
public building, conceived by 
the Munich-based artist and 
designer Ingo Maurer, consumes 
only 2 kW of power, equivalent to 
the rating of a domestic kettle.

Maurer provided a demanding 
brief to the OEC design team led 
by Andreas Timinger. For exam-
ple, only a portion of the window 
“reveal” of the terracotta-col-
oured facade is illuminated; this 
arrangement helps to emphasize 
the architectural structure and 
prevent illumination from spill-
ing into the building interior. 
Maurer’s specifi cation also rules 
out the use of high-power light-
ing on the facade.

The luminaire’s core optical 

element is a custom-built refl ec-
tor that’s injection-moulded in 
plastic. Hundreds of these refl ec-
tors (each approximately 5 cm 
high) help to illuminate the 
Angerhof facade. “An integrat-
ing rod together with a free-form 
mirror form the optical system 
of the luminaire,” Timinger told 

OLE. “The integrator is a hollow 
structure mixing the light of two 
LEDs of different colours. The 
free-form mirror directs the light 
emerging from the integrator 
onto the target surface, an elon-
gated strip of 20 cm width and 
approximately 3 m length.” 

Right now, the main applica-

tions for free-form optics are 
in streetlamps and automotive 
rear lighting and headlamps. 
“Free-form optics allow you 
to direct light into beam pat-
terns which are impossible with 
standard optical surfaces, such 
as spheres, paraboloids or other 
aspheres,” explained Timinger. 
“[However], because the degrees 
of freedom are virtually infi nite, 
the design of free-form optics is 
a signifi cant challenge and the 
resulting surfaces impose com-
plex and precise steps in tooling 
and manufacturing.”

This is where OEC claims to 
have an edge, with a straightfor-
ward method of 3D tailoring for 
free-form optics design. OEC reck-
ons that the technology devel-
oped for the Angerhof project 
could also fi nd applications in the 
energy-saving illumination of 
sales areas, supermarket refrig-
erators, museum paintings and 
in LED street lighting.

The ability to store 1 TB of infor-
mation on an optical disk, a long-
standing Holy Grail of the data 
storage world, has moved a step 
closer. GE Global Research, the 
technology development arm of 
General Electric, has demon-
strated a microholographic stor-
age material that it claims could 
support 500 GB of storage capac-
ity in a standard DVD-sized disk.

Holographic data storage 
involves the creation of optical 
interference patterns in a pho-
tosensitive medium, using two 
separate laser beams derived 
from a single source. By adjusting 
variables such as the beam angle, 
wavelength or media position, a 
large number of holograms can 
be stored on a single disk, and 
can be positioned throughout the 
volume of the storage media.

The GE team successfully 
recorded microholographic 
marks with a diameter of approx-

imately one micron and refl ectiv-
ity approaching 1% in a storage 
material. It is this level of refl ec-
tivity that provides the key. 

“We are creating chemical 
changes in microscopic patterns 
that will generate higher refl ec-
tivity when read by a low-power 
laser,” said programme leader 
Brian Lawrence. “Recently we 
have made dramatic increases in 
the amount of light that can be 
refl ected by the holograms.” 

He added: “Reflectivities as 
high as 1% represent a 100–200× 

improvement in performance. 
When we scale the holograms 
down in size to those that would 
correspond to the marks created 
using DVD or Blu-ray optics, the 
refl ectivities will be suffi cient to 
enable the storage of up to 500 GB 
of data in a CD-sized disk.”

GE’s holographic storage pro-
gramme has now turned the cor-
ner, according to Bill Kernick of 
GE’s technology ventures team: 
“With this milestone we can now 
intensify our efforts in commer-
cialization opportunities.”

Urban luminaire is better by design
LE D APPLICATION S

HOLOGR APHIC S TOR AGE

Der Angerhof: custom illumination of the facade windows emphasizes the 
architectural structure and prevents light from spilling into the building’s interior. 
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GE research has 
‘turned the corner’ 
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            SHG / THG / FHG 
for ultrafast lasers eg. Ti:Sapphire

A New Generation 
 of Harmonic Generators

Exellent pointing stability

Minimum pulse broadening

Easy alignment

HARMONI

Adaptable to different pulse durations

Autotracker for automatic tuning

Wide range of high 
performance, stable, 
infrared detectors

At Hamamatsu, you will find 
an extensive range of high 
performance sensors and 
modules for infrared detection 
applications.  We offer both 
standard and custom-made 
active areas, pixels and arrays. 
We also process many types 
of II-V and III-V compound 
materials such as InGaAs, 
InAs, MCT and InSb. 

Let us find the ideal solution 
for your application from  
our wide range of standard 
or customised optoelectronic 
products.

www.sales.hamamatsu.com
Freephone: Europe 00 800 800 800 88, USA 1-800 524 0504

Infrared 
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Room temperature QCL‘s - 
now available!

Hamamatsu‘s range of Quantum Cascade Lasers 
(QCL) offer either continuous (CW) or pulsed output 
and feature high stability, high power output in the 
mid-infrared region at room temperature, with a very 
narrow spectral linewidth.

They are available with either a FP (Fabry Perot) or 
DFB (Distributed Feed Back) laser structure and the 
emission wavelengths can be selected between
4.8 to 10.6 microns, to meet your exact requirements.

QCL‘s are the key solution for a wide range of appli-
cations such as real-time high resolution spectroscopy 
systems for trace gas analysis in environmental, indus-
trial	and	medical	fields	and	will	enable	manufacturers	
to design more compact, portable and lower cost 
instruments.

Call today - and request the optimum emission 
wavelength for your application!

Quantum
Cascade Laser 
(QCL)

www.sales.hamamatsu.com
Freephone: Europe 00 800 800 800 88, USA 1-800 524 0504
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Pacer International Ltd

Laser technology moves fast.
To get the most from your laser
systems, you need to keep up.

If you are integrating lasers into industrial or medical systems, choosing
the right type of laser is crucial – and you must take advantage of the latest
techniques to get the most from your system.

Whatever your laser challenge, Pacer’s technical team can help optimise
your system’s performance.

Need to maximise the throughput of laser�based materials processing
systems? You can take advantage of the continuous drive to increase the
brightness of diode lasers to do just that.

Trying to improve the quality and the reproducibility of laser marking or
micromachining? You can tailor the pulse shape and number of pulses from
a nanosecond pulsed fibre�laser (up to 25W at 1064 nm or 10W at 532 nm),
using computer control, to suit your application.

Need an effective biological or medical laser? You can find a solution in
Pacer’s range of low to mid power CO2 lasers, which can be used effectively
in the mid�infrared for medical cutting and marking applications such as
laser surgery and dermabrasion.

Trying to manage power and thermal constraints more easily in your laser
system? You could replace more traditional lasers such as CO2 and Nd:YAG
with direct diode lasers.

Pacer offers a wide range of laser systems and components, and the
experience and technical support you need to stay ahead. Contact our laser
team or visit our website to find out more.
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“laser will 
shape the 
mood of the 
optics 
industry 
through the 
third and 
fourth 
quarters.”

all eyes on laser
One of the optics industry’s signature 
networking events takes centre stage this 
month. With a packed conference schedule 
and a sprawling technology exhibition, 
the biennial LASER World of Photonics 
congress and trade show (15–18 June) in 
Munich offers a timely reference point for 
companies across all levels of the optics food 
chain – from catalogue component suppliers 
right through to manufacturers of turnkey 
industrial laser systems. As always, the 
headline themes at LASER will go a long way 
to shaping the mood of the optics industry 
through the third and fourth quarters of 
the year, a link that’s likely to be amplified 
this time around given the ongoing woes 
afflicting the global economy. 

This being a trade show – and a big one 
at that – there’s sure to be no shortage of 
opinion, conjecture and outright bluster 
on the prospects for the optics market in 
2009/10. Right now, this much is clear: 
optics companies with exposure to the 
semiconductor and automotive industries 
are feeling the pain more than most. 
Customers have slashed capital budgets 
across the board and big-ticket items like 
lasers are going to have a tough time for 
several quarters. On a more encouraging 
note, optics vendors that have spread their 
bets across diversified markets are still 
finding silver linings in stable sectors like 
biotech, research, defence and solar. 

The underlying trend, however, is of a 
long and deep economic downturn that’s 
intensifying competition throughout the 
technology sector. Against that backdrop, 
many exhibitors at LASER are likely to major 
on the basics – stuff like bulletproof customer 
service, short lead times and a well equipped 
inventory. Of course, there’ll also be plenty of 
new products on show, though this year it’s 
perhaps inevitable that the collective mindset 
will be more geared towards incremental 
technology advances rather than gee-whizz, 
blockbuster announcements. 

Whether you’re attending LASER or not, 
you can check out some of the eye-catching 
innovations from the show in our 14-page 
LASER World of Photonics preview (p47–62). 
There’s a record-breaking femtosecond 
laser from the Fraunhofer ILT, a high-power 
blue laser diode from TOPTICA, and what 
Coherent claims is the industry’s smallest 
CO2 laser, plus plenty more. 

Joe Mcentee, group editor
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Explore the world  
of diode lasers

The whole world of high-power diode lasers is available 
from Jenoptik Laserdiode. Starting from unmounted bars 
and single emitters to individual lasers and stacks up to 
fiber-coupled modules, we offer powerful, reliable and 
cost-effective diode laser components for your application 
in industry, medicine and research. And all this from one 
source. Discover the innovative and diverse world of diode 
lasers and visit us at:

LASER. World of Photonics, Munich, Germany
June 15 – 18, 2009, Hall C2, Booth 311

Jenoptik Laserdiode – your partner for diode lasers

JENOPTIK  I  Lasers & Material Processing
www.jold.com
info.jold@jenoptik.com

For 35 years, Newport’s Corion® Filters business has been delivering quality and
innovative products to answer the specific needs of design engineers –
understanding that to provide the right solution, you must have the right option. That
is why we have built a portfolio consisting of several different coating technologies
including HPD, RIP, e-Beam, and Resistance Evaporation. Each coating technology
has its inherent strengths, providing the necessary options to ensure the perfect
match of technology to product requirements. This delivers a solution that is neither
over-designed nor under-designed assuring the best cost-performance value.
At Newport, we’ve got you covered. For more
details on our coating and associated
technologies – call us today at (508) 528-4411
or visit www.newportfranklin.com

MAKE LIGHT | MANAGE LIGHT | MEASURE LIGHT AD-050902-EN

To Choose the Best Coating
You Have To Have A Choice.
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14 & 15 OCTOBER 2009
STONELEIGH EXHIBITION HALLS

COVENTRY UK

More details on our NEW website
www.photonex.org 

2007

Organiser: Xmark Media  T:+44 (0)1372 750555  E:info@photonex.org

Photonex is a significant trade 
event for European photonics,
lasers, optical technologies, 
opto-mechanics, sensors, vision 
and photonics enabled systems.

� Be involved in 2009’s most cost effective
marketing opportunity.

� Where ideas turn into business.

� Low cost exhibit stands.
VIEW SHOW VIDEO ONLINE

CORPORATE SPONSOR

EXHIBIT WITHIN
THE TRADE SHOW

ATTEND THE
CONFERENCE

NETWORK FOR
SUCCESS
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imaging

US researchers have developed 
a new type of camera that can 
take photos more than 1000 
times faster than conventional 
cameras. Its creators at the Uni-
versity of California, Los Angeles 
(UCLA) say that the device is set 
to become an indispensable tool 
for studying dynamic processes 
like shockwaves, communica-
tion between living cells and 
laser surgery. 

The key to this new camera is 
its ability to produce high-qual-
ity images using just a single-
pixel light detector. This is made 
possible with a new imaging 
technique that both captures and 
amplifies light within the same 
unified process. The UCLA team 
showcased the camera by tak-
ing snapshots of a surgical laser 
technique at a significantly faster 
rate than is possible with the best 
digital camera on the market. 

“Our camera overcomes the 
fundamental trade-off between 
sensitivity and speed without 

resorting to high-intensity 
illumination that can damage 
the sample being imaged,” said 
Keisuke Goda, one of the UCLA 
researchers. 

In conventional digital imag-
ing, such as CCD and CMOS cam-
eras, the rate at which images 
are produced is restricted by the 
time it takes to read data from an 
array of millions of sensors. Also, 
as you increase the shutter speed, 
you are reducing the amount of 
light that reaches the sensors 
resulting in images of limited 
quality. “To put it simply, when 
you are taking a picture, you 
can’t collect enough light from 
an object if the exposure time is 
short,” said Goda. 

To get around this compro-
mise, the UCLA researchers have 
developed a new technology 
which they refer to as STEAM – 
“serial time-encoded amplified 
microscopy”. STEAM works by 
freezing images using an optical 
rather than an electronic proc-

ess. At its heart, a single-pixel 
photodiode and oscilloscope 
capture a stream of one dimen-
sional time-varying data then 
convert this into high-quality 
two dimensional images. 

Presenting their findings in 
the journal Nature, the scientists 
used their camera to record laser 

ablation – a technique used in 
surgery to remove targeted areas 
without damaging near-by tis-
sue. The ablation was performed 
with a mid-infrared pulse laser 
focused on a silicon substrate 
coated with aluminium foil. The 
camera, normally incident to the 
substrate surface, was able to 
capture the particle ejection at 
a frame rate of 6.1 MHz, where 
high-end digital cameras can 
manage only 1 kHz. 

Despite this success, Goda 
believes that there is still much 
room for development. Even 
though the camera uses a state-
of-the-art ADC, the quality of 
images is still restricted some-
what by the conversion of ana-
logue to digital signals. However, 
whereas conventional digital 
cameras will never overcome 
this problem, STEAM could be 
adapted to segment an optical 
image into several channels and 
then detect these using an array 
of detectors. 

Scientists at Toshiba Research 
Europe in Cambridge, UK, are 
claiming a significant step for-
ward in the race to make quan-
tum cryptography a practical 
proposition for secure network 
communications. 

Quantum cryptography, or 
quantum-key distribution (QKD), 
uses quantum-mechanical prin-
ciples to distribute secure digital 
keys that can be exchanged across 
optical networks. The rules of 
quantum mechanics ensure that 
anyone intercepting the key is 
detected, which in turn ensures 
a highly secure key exchange. 

The Cambridge team’s break-
through, based on some nifty re-
engineering of the single-photon 
detector, is the demonstration of 
the fastest key rate (1 Mbit/s) to 

date for a QKD system (New Jour-
nal of Physics 11 045019). 

“We have built an electronic 
circuit that has turned an old, 
slow avalanche-photodiode 
(APD) -based single-photon 
detector into a high-speed one at 
a negligible cost,” Zhiliang Yuan, 
a researcher at Toshiba, told OLE. 
“Single-photon detection speed 

has now improved by a factor of 
100. As a result, record key rates 
for QKD have been achieved.” 

Yuan continued: “For ulti-
mate security, key-distribution 
rates must be as fast as [normal] 
message communication. Until 
now, key rates were only suf-
ficient for the encryption of live 
speech. Now, with key rates of 

1 Mbit/s, encryption of live video 
becomes possible.” 

What’s more, high-speed key 
distribution allows many users 
access to the same network; pre-
vious key rates of 10 kbit/s over 
20 km and 10 bit/s over 100 km 
were not sufficient for this pur-
pose. The Toshiba team demon-
strated 1 Mbit/s over 20 km. 

Toshiba’s APD format could 
also benefit other applications 
such as remote sensing, biologi-
cal imaging, laser ranging and 
high-quality quantum random-
number generation. 

Toshiba expects governments 
and financial institutions to be 
among the first adopters of QKD. 
“As the cost keeps coming down, 
it will become affordable to a 
range of users,” said Yuan.

camera snaps at record speed

Quantum cryptography moves into the fast lane

The new imaging modality offers over 
1000 times higher frame rates and 
shutter speed, achieving the world’s 
fastest (video) camera. 

Toshiba’s high-speed detector could pave the way to practical quantum encryption. 
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UK-based imaging special-
ist Andor says that replacing a 
standard CCD with electron-
multiplying technology can 
deliver big gains in the speed and 
sensitivity of a low-light spectros-
copy technique.

Scanning tunnelling micro-
scopes have become one of the 
most powerful tools for probing 
surfaces at the atomic level, and 
in recent years researchers have 
even started to exploit the light 
emitted during the scanning 
tunnelling process to uncover 
more information about the 
material surface.

The problem is that this so-
called scanning tunnelling 
luminescence (STL) – which is 
produced by the inelastic scatter-
ing of tunnelling electrons – gen-

erates only very small amounts of 
light. Although high-sensitivity 
CCD detectors can measure such 
low photon f luxes, data must 
typically be collected for several 

minutes to gather enough infor-
mation for spectroscopic studies. 
That in turn limits the accuracy 
of the analysis, while the sample 
surface can also be damaged by 

prolonged exposure to the tun-
nelling current. 

Electron-multiplying CCD 
(EMCCD) cameras, which were 
originally pioneered by Andor 
in 2000, could offer a solution. 
These cameras are designed to 
amplify the response from very 
low light signals and allow high 
sensitivity to be maintained at 
higher read-out speeds.

Andor believes that replacing 
conventional CCD cameras with 
EM technology will make STL 
spectroscopy a much more useful 
technique. As well as studying 
photonic devices and structures, 
the enhanced experimental set-
up could be used for applications 
such as ultrasensitive chemical 
analysis and luminescence stud-
ies on quantum structures.

SPEC TRO SCOPY
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Camera upgrade enhances low-light-level studies

A hard-wearing coating with 
antibacterial properties has been 
shown to kill 99.9% of surface-
associated E.coli when exposed to 
white light. Such a coating could 
be used in hospitals to reduce the 
risk of bacterial infection, accord-
ing to the development team at 
the University College London 
(UCL) Dental Institute. 

“This coating has the poten-

tial to be applied to hand-touch 
surfaces and contribute towards 
the prevention and reduction 
of healthcare-associated infec-
tions,” UCL researcher, Zoie 
Aiken, told OLE. “When acti-
vated by white light, identical to 
those used in hospital wards and 
operating theatres, the coating 
reduces the number of bacteria 
surviving on its surface.” 

Titanium-dioxide-based 
coatings are known to destroy 
bacteria when irradiated with 
UV light. Aiken and colleagues 

found that adding nitrogen to 
the titanium dioxide shifted the 
coating’s activation bandgap 
from the UV to the visible region, 
making it effective under normal 
hospital light conditions. 

According to Aiken, the coating 
could be applied to any frequently 
touched hospital surface such as 
metal bed frames, surgical instru-
ments and door handles. “What’s 
more, these coatings could be used 
in the home to reduce the bacte-
rial load on toilet handles or in 
the kitchen and can be used in the 

food industry to kill bacteria on or 
around machinery,” she said. 

While current experiments 
indicate that the coating is hard-
wearing and shows no sign of 
fl aking or peeling, further test-
ing will be required to fully deter-
mine its lifespan.  

Aiken concluded: “At present 
we only know that the coating 
is active against E.coli. But since 
E.coli is more diffi cult to kill than 
bacteria from the Staphylococcus 
group, which includes MRSA, the 
results to date are encouraging.”

EMCCD cameras are designed to amplify the response from very low light signals.

Activated coating 
ready to clean up
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The IEEE Lasers and 
Electro-Optics Society 
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IEEE Photonics Society.

For more than 30 years IEEE LEOS has been
the pre-eminent society in the field of lasers
and electro-optics for both the academic
and industrial communities.

The Photonics Society provides for its
members: information exchange through
sponsored publications and conferences,
professional growth through volunteer
leadership opportunities and awards,
educational opportunities, and support of
local initiatives in the field of photonics.

The name change reflects our commitment
to the full breadth of photonics and forms a
part of our continuous improvement
program for our members.

Please visit the IEEE Photonics Society
online at: www.PhotonicsSociety.org
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green laser diode generates ‘record’ power levels 

A green laser-diode design that 
emits 1.5 W output power could 
replace its solid-state counter-
parts, say researchers at the 
Technical University of Denmark 
in the city of Lyngby. The team 
says that its simple laser design 
generates “the highest output 
power of green light using a 
frequency-doubled approach” 
(Optics Express 17 6532). 

“Our laser system is poten-
tially cheap, robust and efficient 
compared with existing technol-
ogy,” Ole Jensen, a researcher 
at the Technical University of 
Denmark, told OLE. “Our laser 
may replace solid-state lasers for 
applications ranging from bio-
medicine to displays.” 

The green laser-diode is a par-
ticular challenge as no semicon-
ductor material exists that can 
be used to directly produce green 

laser light. Until now, generating 
high-power green light has only 
been possible by using frequency-
doubled solid-state lasers or exter-
nal-cavity frequency doubling of 
complicated master-oscillator 
power-amplifier systems. 

Current display applications 
use solid-state lasers as the 
green source. The drawback of 
these lasers is that they cannot 
be modulated at high frequencies 
without an external modulator, 
which complicates the system 
and increases cost. Laser-diodes, 
however, can be modulated 
at high frequencies simply by 
adjusting the laser current. This 
simple scheme would simultane-
ously reduce size and cost. 

The key to the Danish diode is 
a novel tapered design. A tapered 
laser-diode is used as a pump 
source for second-harmonic  

generation – a process that results 
in over 9 W of nearly diffraction-
limited power in a narrow spec-
tral region. The light is then 

frequency-doubled in a single-
pass configuration using a period-
ically poled MgLN crystal, which 
leads to 1.58 W of output power at 
a wavelength of 531 nm. 

“ T h i s  s t r a i g h t f o r w a r d 
approach offers high conversion 
efficiency and high wall-plug effi-
ciency in a potentially compact 
set-up,” explained Jensen. 

While the current device is 
a table-top version, the Danish 
team is now working on reduc-
ing the size of the laser and inves-
tigating commercial potential. 
“The next steps will include 
increasing the conversion effi-
ciency, resulting in higher green 
output power,” concluded Jensen. 
“This technique can also be 
expanded to generate other col-
ours in the visible spectral region 
and this will also be pursued in 
the future.” 

Going green: the Lyngby team is eyeing 
applications in biophotonics.
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A pulsed deep-ultraviolet (DUV) 
light source could be a more stable 
alternative to continuous-wave 
(CW) technology for high-preci-
sion semiconductor mask inspec-
tion, according to developers at 
Megaopto, Japan. The fibre-laser-
based source emits a wavelength 
of 199 nm and offers a linewidth 

of less than 1 GHz, which is suit-
able for advanced optical inspec-
tion applications (Applied Optics 
48 1668). 

“We have built a coherent DUV 
light source, which emits one of 
the shortest wavelengths ever 
generated using a fibre laser as 
the fundamental source,” Meg-
aopto’s Yoshiharu Urata, told 
OLE. “Our aim was to construct 
a robust, high-resolution, short-
wavelength light source for the 

high-precision inspection of 
semiconductor masks.” 

Today, semiconductor and 
microelectronics manufacturers 
employ CW, short-wavelength 
coherent light sources for opti-
cal inspection. Such lasers suffer 
from low conversion efficiency 
and therefore require an actively 
controlled, electric-field enhance-
ment cavity, a level of complexity 
that necessitates careful design 
to avoid disturbances. 

The Megaopto team opted 
instead for a pulsed-laser scheme, 
where single-pass wavelength 
conversion and a simple solid-
state laser design are possible. 
The group developed a high-
pulse-repetition-frequency DUV 
source generated by multistage 
wavelength conversion. The key 
to the design is the generation of 
high-frequency pulses (2.4 MHz), 
which means that the laser can be 
considered a quasi-CW source.

DuV fibre laser is 
set for inspection
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UK researchers have demon-
strated a disk-laser design that 
yields record output powers 
thanks to the incorporation of a 
diamond heat-spreader. The Uni-
versity of Strathclyde team hopes 
to commercialize the laser for 
applications ranging from pollu-
tion monitoring, high-brightness 
displays, medical imaging and 
materials processing (Optics Let-
ters 34 782). 

“We have demonstrated the 
highest continuous-wave out-
put power reported to date from 
Nd:YVO4 and Nd:GdVO4 disk 
lasers using only one double-
pump pass,” Patricia Millar of 
the Institute of Photonics at the 
University of Strathclyde, told 
OLE. “Our lasers require fewer 
pump passes than those based 
on the more commonly used 
Yb:YAG disk lasers while remov-
ing constraints such as tempera-
ture sensitivity.” 

The key to the disk-laser 
architecture is the intracavity 
heat-spreader developed from 
single-crystal, low-birefringence 
diamond. The carefully designed 
synthetic diamond offers the 
same thermal management 
advantages as natural diamond, 

with similar insertion loss but 
signifi cantly lower birefringence. 
This helps to reduce thermal 
effects and enhance power scal-
ability, without introducing sig-
nifi cant loss into the cavity. 

In the set-up, the diamond 
heat-spreader is capillary-bonded 
to the gain medium (Nd:YVO4

and Nd:GdVO4) and results in an 
output power of 25.7 and 18.1 W 
respectively using only one 
double-pump pass. According to 
Millar, incorporating diamond 
heat-spreaders within a disk 
architecture can be applied to 
both doped-dielectric and semi-
conductor gain media. 

“The intracavity use of dia-
mond in doped-dielectric gain 

media enables the use of thin 
slices of material with stronger 
pump absorption, such as 
Nd:YVO4,” she said. “Such mate-
rials are typically fragile and 
poor thermal conductors. Bond-
ing to diamond helps to alleviate 
these problems by improving 
heat extraction, reducing ther-
mal lensing, deformation and 
stress while simultaneously add-
ing mechanical robustness.”  

The Strathclyde team is now 
working on optimizing the beam 
quality of the disk lasers. “We 
hope to demonstrate high power 
(>10 W) laser operation within a 
more compact laser cavity suit-
able for mobile applications,” 
said Millar.

Diamond is hot stuff for disk lasers
L ASE R DE SIGN OP TOFLUIDIC S

The heat-dissipating properties of diamond yield higher-power disk lasers.

Pa
tr

ic
ia

 M
ill

ar

A simple and compact alternative 
to conventional optical trapping 
has been developed by research-
ers at the Swiss Federal Institute 
of Technology in Lausanne. 
The technique – which uses the 
near-fi eld effects associated with 
plasmonics rather than a focused 
laser beam – is said to be ideal for 
trapping and manipulating small 
objects in lab-on-a-chip applica-
tions and can also be integrated 
with other optical components 
such as biosensors for point-of-
care applications (Optics Express 
17 6018). 

“We’ve reported the f irst 
optofl uidic device that combines 
optical plasmonic trapping and 
microfluidics,” Lina Huang, a 
researcher from the institute’s 
nanophotonics and metrology 
laboratory, told OLE. “The tech-
nique enables cell immobiliza-
tion without the complex optics 
required in conventional optical 
tweezers.” 

Plasmonic trapping involves 
shining light onto a nanoscale 
metallic object. Incident photons 
excite localized electrons found at 
the surface of the metal. It is these 
excited electrons that form waves 
of energy, known as plasmons. 

Plasmonics: next 
step lab-on-a-chip
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ask the expert: stefan Grabowski
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Stefan Grabowski works at Philips Research 
Laboratories, Germany, where his focus is 
on device physics and OLED stack develop-
ment. Grabowski is also the project man-
ager of OLED100.eu, an EU-funded R&D 
collaboration that aims to realize efficient 
OLED products for the European lighting 
industry. Funded under the seventh Frame-
work programme, the project comprises 14 
partners from six countries.

Can you explain how oLeDs work? 
OLEDs are solid-state lighting devices that 
work in a similar way to their inorganic 
cousins. A typical OLED is composed of 
two layers of organic material deposited 
on a transparent substrate, sandwiched 
between an anode and a cathode terminal. 
One of the layers is emissive and transports 
electrons from the cathode; the other layer 
is conductive and transports holes from the 
anode. When a current is passed through 
these layers, light is emitted via electron-
hole pair recombination. 

Unlike their inorganic counterparts, 
OLEDs can be easily structured to show 
patterns of colour or homogeneous white 
light and the layers that make up the device 
can be deposited on large areas.

why is oLeD research important?
OLEDs have the potential to become even 
more efficient than energy-saving bulbs. 
More than a quarter of electricity con-
sumption in the EU is due to lighting, so an 
energy-efficient substitute is an important 
area of research. One of the targets of the 
OLED100.eu project is to build OLEDs with 
an efficacy value of 100 lm/W. 

When efficient OLEDs are available at 
mass-production costs, they can be used 
for a multitude of applications in light-
ing. OLEDs offer new design options and 
integration possibilities because they 
could be built to cover large areas, they 
are extremely thin and they can be made 
transparent or flexible. The brightness and 
colour of OLEDs are fully adjustable, which 

creates a new way of decorating and per-
sonalizing people’s surroundings.

what are the main applications and 
on what timescales will they occur? 
There are two main application areas: dis-
plays and lighting. Small OLED displays 
already enjoy widespread application in 
portable devices such as mobile phones, 
MP3 players and personal digital assist-
ants. Larger display devices are beginning 
to emerge on the market. For example, Sony 
has announced a 27 inch OLED television 
scheduled to hit the market in 2009.

OLEDs for lighting applications have 
completely different requirements. These 
OLEDs do not consist of many small pixels, 
but of one large emitting area. As a result, 
the device efficiency must be much higher. 
At first OLED lighting will appear in niche 
applications, but more sophisticated prod-
ucts will appear over time.

The vision is to have OLED tiles mounted 
on walls or ceilings to give a large uniform 
emitting area. Transparent OLEDs could 
also be incorporated into windows, which 
allow daylight to pass through during the 
day and emit light at night.

how well do you expect oLeDs to 
penetrate the lighting market?
OLED lighting is on the verge of com-
mercialization. There is an OLED lamp 
available from the designer Ingo Maurer 
in Germany (it’s based on Osram OLEDs) 

and Philips offers a technology kit that 
contains several OLEDs in various shapes 
and colours along with an electrical driver 
for a plug-and-play solution. These are not 
yet mass products but they indicate that 
OLED lighting is ready for the market. As 
the technology progresses, so too will the 
range of applications: from room and office 
lighting through to decorative and design-
oriented lighting.

what is the most important recent 
advance and what hurdles remain?
The increase in efficiency of white OLEDs to 
a level that is comparable to that of a com-
pact fluorescent lamp means that OLEDs 
are now much more efficient than halogen 
lamps and incandescent bulbs. The lifetime 
of OLEDs has also increased drastically to 
values of greater than 10 000 hours, mak-
ing OLEDs appealing candidates for cer -
tain niche lighting applications.

But for general lighting purposes, 
OLED efficiency as well as lifetime must 
be improved further. In addition, the size 
of the emitting area has to be increased 
in order to fully utilize this unique fea-
ture. Therefore, production processes and 
device architectures are needed to enable 
uniform current distribution over the com-
plete area as well as high reliability. From 
a commercialization point of view, mass-
manufacturing equipment and processes 
have to be installed and developed.

what will the next breakthrough be?
A breakthrough is hard to predict. The 
OLED100.eu project is working to develop 
OLED technology further so that we will 
reach efficacy values of 100 lm/W, lifetime 
values of 100 000 hours and an OLED size 
of 100 × 100 cm. A breakthrough in the 
field of blue efficient phosphorescent emit-
ters with a long lifetime would help us on 
that journey.

For more information about the OLED100.eu 
project, visit www.oled100.eu/homepage.asp.

in the spotlight: oLeDs 
in a final push to market

Organic light-emitting devices (OLEDs) are making waves in the displays and lighting 
markets. Stefan Grabowski tells Marie freebody about the milestones that need to be 

reached before the technology finds widespread commercialization.

Shedding light on OLED technology: Stefan 
Grabowski of Philips Research Laboratories.
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Laser displays can deliver more than twice 
the colour gamut of LCD screens or plasma 
displays, an advantage that’s reinforced 
by a thin, lightweight package that offers 
greater energy efficiency versus the com-
peting technologies. What’s more, unlike 
LCD or plasma products, laser displays do 
not degrade over their lifetime, which is 
expected to exceed 50 000 hours. 

Despite these performance benefits, 
laser television to date has registered only 
limited commercial success. Until the first 
major electronics player, Mitsubishi of 
Japan, entered the market, no manufac-
turer had recorded significant sales. Mit-
subishi’s 65 inch model (which retails for 
around $7000) was introduced with con-
siderable fanfare in October 2008, though 
the company has been less than forthcom-
ing with sales figures. Earlier this year, 
production was also halted temporarily for 
“tooling problems” unrelated to the lasers’ 
performance, according to Mitsubishi’s 
David Alhart.

One of the biggest challenges to the com-
mercial success of laser television is design-
ing a suitable green laser. A television 
display requires three colours – red, green 
and blue (hence the term RGB display) – 
and the optical approach favoured by most 
designers is to employ direct-diode lasers 
for the red and blue light. There are no 
green diode lasers, however, which means 
an alternative approach is necessary: fre-
quency-doubling of an infrared laser. 

think green
At Mitsubishi, engineers used slightly mod-
ified edge-emitting laser diodes intended 
for DVD reading and writing for the red 
(640 nm) and blue (447 nm) sources. For the 
green (532 nm) laser, they used an unusual 
planar-waveguide configuration for both 
the fundamental and second-harmonic 
wavelengths (figure 1). Both the Nd:YVO4 
and LiNbO3 waveguides were several 
microns high and several millimetres wide. 

The Nd:YVO4 section was 1.5 mm long, and 
the LiNbO3 section was 4 mm long.

The 1.06 µm resonator was formed by 
mirrors on the right face of the LiNbO3 and 
the left face of the Nd:YVO4, so the resona-
tor was 5.5 mm long and the second har-
monic was generated inside the 1.06 µm 
resonator. A mirror on the left face of the 
LiNbO3 reflected the second harmonic that 
was generated travelling right-to-left and 

combined it with the second harmonic 
generated left-to-right.

The Mitsubishi engineers pumped the 
tiny Nd:YVO4 laser with a linear laser-
diode array (a bar) with 15 individual 
~100 µm-wide emitters separated by 
~200 µm. This pumping geometry cre-
ated 15 different lasing channels in the 
Nd:YVO4 and LiNbO3 waveguides. Each 
channel was guided by the waveguide in 

green lasers gear up 
for display markets
The advent of cheap and efficient green lasers is eliminating one of the last remaining 
hurdles to the commercial success of laser displays and laser television. As Breck hitz 
explains, laser vendors are rolling out a raft of innovative products to drive market growth.

Development engineers at OSRAM (above) are working on a green laser that is destined for applications 
in laptop computers and digital cameras. The laser generates 50 mW of green power.
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the vertical direction and focused by ther-
mal lensing in the horizontal direction. 
The engineers induced the thermal lens-
ing by designing the heat removal so that a 
parabolic temperature gradient existed in 
the transverse direction across each of the 
15 channels. Spatial interference effects, 
in the far zone where the 15 green beams 
overlapped, were not critical because the 
beam was ultimately expanded to cover 
the entire television screen.

The diode array produced 27 W of 808 nm 
output, from which the doubled vanadate 
laser generated 11.4 W of green power for a 
42% optical efficiency (from 808–1064 nm 
to 532 nm). The overall electrical (wall-
plug) efficiency was 21%. The Mitsubishi 
engineers modulated the laser at 1.68 kHz 
and observed essentially a constant green 
peak-power output, independent of duty 
cycle ranging from 30 to 100%.

Different strokes
A different approach to green-light gener-
ation – actually two different approaches 
– has been pursued by QPC Lasers of Syl-
mar, CA. For the first technique, engineers 
designed a semiconductor master-oscilla-
tor power-amplifier. The oscillator was a 
distributed-feedback laser, coupled into a 
conical amplifier. A cylindrical lens focused 
the elliptical beam that emerged from the 
amplifier into a periodically poled LiNbO3 
crystal. The laser generated 1 W of green 
light, in a beam with M2 of less than 2.

The second approach, according to Lau-
rent Vaisse, a QPC engineer, involves a more 
conventional diode-pumped solid-state 
laser. Vaisse and his colleagues pumped 

the Nd:YVO4 laser with an 808 nm semi-
conductor laser that was stabilized with 
a planar grating in its epitaxial layer. The 
grating kept the pump laser locked onto 
the Nd:YVO4 absorption peak, boosting 
overall efficiency. 

The YVO4 laser was frequency-doubled 
with an intracavity lithium-triborate (LBO) 
crystal, placed in a leg of the folded resonator 
so that the intracavity green powers gener-
ated in both directions were combined and 
emerged in a single beam from the folding 
mirror. The laser generated 6.5 W of green 
power, with an M2 of less than 2, stable to 
within 0.1 W over a base-plate temperature 
range from 10 to 30 °C.

remember necsels?
In 1998, MIT scientist Aram Mooradian 
founded Novalux to commercialize an 
entirely new kind of semiconductor laser. 
The Novalux extended-cavity, surface-
emitting laser (or NECSEL) was unique 
in that an etalon replaced the mirror that 
normally serves as a laser’s output coupler. 
This gave the laser promising capabilities 
for mode control and intracavity nonlin-
ear optics. And, unlike the elliptical beam 
produced by edge-emitting semiconduc-
tor lasers, the round beam from a NECSEL 
needed no complex cylindrical optics to 
focus it to low divergence. 

Although the original plan was to make 
lasers for the telecommunications indus-
try, Novalux shifted gear in 2003 (after 
the telecoms bust) and focused on lasers 
for displays. The company demonstrated 
a multiwatt green laser that was consid-
ered by many to be the leading candidate 

Nd:YVO4

808 nm
diode laser array

PP MgO/LiNbO3

HR @ 532 nm

532 nm

HR @ 1.06 µm
AR @ 808 nm

HR @ 1.06 µm
AR @ 532 nm

Fig. 1: the Mitsubishi 532 nm laser is an 
intracavity-doubled Nd:YVO4 laser, where both 
the gain medium and the nonlinear crystal form 
a planar-waveguide resonator. The periodically 
poled LiNbO3 crystal is doped with MgO to avoid 
the refractive-index inhomogeneities induced 
by high-intensity green light in undoped LiNbO3. 
Each of the individual emitters in the diode-array 
pump produces an independent lasing channel in 
the resonator and a separate green output beam. 
Three channels are shown here, but the laser in 
Mitsubishi’s televisions has 15 such channels.

The QPC laser is an intracavity-doubled Nd:YVO4 
laser, pumped with the company’s BrightLock 
diode laser. The grating-stabilized pump laser is 
locked to the absorption peak in Nd:YVO4.

Second-harmonic generation 
(SHG) is a classical nonlinear light-
matter interaction that converts 
part of the light in an intense laser 
beam to the second harmonic. If 
the second harmonic generated 
at every point in the nonlinear 
material is in phase with that from 
other points, an intense second-
harmonic beam can emerge from 
the material parallel with (and 
sometimes colinear with) the 
fundamental beam.

An important issue is the 
phase relationship of the second-
harmonic waves generated 
at different points along the 
fundamental beam. Normal 
material dispersion will cause 

the fundamental and second 
harmonic to slip out of phase with 
each other as they propagate, 
such that the second harmonic 
generated at one point will be out 
of phase with that from another 
point, and the total signal is zero.
l Birefringent phase-matching 
compensates for dispersion 
by orienting one wavelength in 
the ordinary polarization, and 
the other in the extraordinary. 
(So-called type-II birefringent 
phase-matching is slightly 
different.) Thus, the two 
wavelengths experience the same 
refractive index, and the second 
harmonic generated at one point 
along the beam is in phase with 

that generated at any other point. 
l Quasi phase-matching does 
not depend on polarization or 
birefringence. Instead, a nonlinear 
material is periodically poled 
so the sign of its susceptibility 
switches every few tens of 
microns. As the fundamental and 
second harmonic propagate, they 
slowly slip out of phase and the 
rate of SHG slows. After a few 
tens of microns, they are 180° 
out of phase, and the second 
harmonic would diminish if they 
propagated farther. But at that 
point, the susceptibility switches 
and the fundamental and second 
harmonic are again in phase. 

Quasi phase-matching can 

often achieve higher conversion 
efficiency than birefringent phase-
matching. A big advantage of 
quasi phase-matching is that, 
because the crystal doesn’t have 
to be oriented to take advantage 
of its birefringence, it can be 
oriented to utilize the crystal’s 
greatest nonlinear coefficient. 
In LiNbO3, for example, quasi 
phase-matching can use a 
nonlinear coefficient seven times 
greater than the one available 
for birefringent phase-matching. 
Conversion efficiency scales as 
the square of this coefficient, so 
quasi phase-matching begins 
with a factor of 50 advantage over 
birefringent phase-matching. 

Back to basics on shg
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for televisions and other displays. But after 
absorbing over $250 m (€178.4 m) in 
investments in the decade after its forma-
tion, the company was purchased for $7 m 
in 2008 by Arasor International, an Aus-
tralian vendor that’s developing optical 
sources for televisions and other displays.

Arasor has continued to develop NEC-
SELs for commercial applications, includ-
ing displays, according to Arasor engineer 
Greg Niven. The company sells a three-
colour engine for displays, consisting of 
3 W green and blue NECSELs and a 4 W 
red direct-diode laser. Both the NECSELs 
are doubled with an intracavity crystal of 
periodically poled LiNbO3. Nondisclosure 
agreements prevented Niven from discuss-
ing the company’s customers or details 
about the applications.

It’s also worth noting that Mooradian 
had founded an earlier company, Micracor, 
in 1992. That company, which developed 
some of the earliest commercial surface-
emitting semiconductor lasers, was sold 
to Coherent in 1996. Coherent’s intention 
was to develop the lasers for displays, and 
at one point the company built a demon-
stration laser TV based on Micracor tech-
nology. But although the surface-emitting 
semiconductor laser has been a successful 
product at Coherent, its success stems from 
applications other than television displays 
(e.g. medical diagnostics and spectros-
copy). What’s more, the company is no 
longer pursuing the display application, 
according to Matthias Schulze, Coherent’s 
director of marketing, OEM components 
and instrumentation.

Arasor of Australia is developing NECSEL 
technology for commercial display applications. 
The company sells a three-colour engine for 
displays, consisting of 3 W green and blue 
NECSELs and a 4 W red direct-diode laser.
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on the fly
Frequency-doubled rare-earth lasers, 
like the Mitsubishi and QPC devices, are 
intended for display projection systems, in 
which three images – one red, one green 
and one blue – are projected simultane-
ously onto a screen, where they overlap to 
create a full-colour display. 

An alternative is the flying-spot display, 
in which the beams from the three lasers 
are combined into a single beam that scans 
the screen. As the beam scans across the 

screen, the three lasers are modulated to 
produce the desired colour at each pixel. To 
obtain suitable resolution, the laser must 
be modulated with nanosecond switching 
speeds. However, because the spontaneous 
lifetimes of rare-earth lasers are typically 
of the order of hundreds of microseconds, 
only frequency-doubled diode lasers are 
suitable for flying-spot systems.

OSRAM Opto Semiconductors, Ger-
many, is using precisely this approach to 
develop a green laser for a flying-spot sys-

tem intended for portable displays in laptop 
computers and digital cameras. These tiny 
display devices would project an image 
onto any nearby surface. OSRAM has 
designed and built an optically pumped, 
surface-emitting semiconductor laser that 
is frequency doubled with an intracavity 
crystal of periodically poled MgO/LiNbO3. 
Like the QPC rare-earth laser, OSRAM’s 
laser uses a folded resonator so that the 
green light generated in both directions 
is combined into a single beam that exits 
through the folding mirror.

The tiny OSRAM package occupies only 
0.36 cm3 (compared with 5 cm3 for the 
Mitsubishi laser, for example). The laser 
generates 50 mW of green light in a single 
longitudinal and single transverse mode, 
from less than 1 W of electrical input. Other 
significant features of the design include 
modulation at tens of megahertz (simply 
by modulating the electrical input to the 
pump laser), passive cooling and green 
output that is constant despite variation of 
the duty cycle from 10 to 90%.

Meanwhile, scientists at Corning in the 
US have also investigated green lasers for 
f lying-spot microdisplays. The Corning 
G-1000 laser is a distributed-Bragg-reflec-
tor (DBR) semiconductor laser, the infrared 
output of which is frequency-doubled in a 
periodically poled LiNbO3 waveguide. 

Unlike the OSRAM laser, the Corning 
laser’s doubling crystal is outside the res-
onator, and the infrared beam is coupled 
into the LiNbO3 waveguide with a pair 
of lenses. The waveguide is only several 
square microns in cross-section, and ther-
mal drifts can easily misalign the doubling 
crystal from the incoming beam. 

To compensate, Corning engineers 
employed a commercial adaptive optical 
element, the Konica Smooth Impact Drive 
Mechanism, to adjust the lenses between 
the laser and the doubling crystal. With 
this modification, the laser’s green output 
remains between 84 and 90 mW as its tem-
perature varies over a 30 ºC range. Pack-
age size is just 0.7 cm3.

In summary, while all of these techniques 
for generating green laser light show prom-
ise, it is far from clear which of them will 
ultimately be best for televisions and other 
displays. The Mitsubishi approach seems to 
be leading the pack right now, but that lead 
could dissipate very quickly in the coming 
months. What is clear, however, is that 
laser displays are coming on strong and 
are set to become a major growth market 
sooner rather than later.

Breck Hitz is a freelance science and technology 
writer based in San Francisco, CA.
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Concentrator photovoltaics (CPV) stand at 
a crossroads. The supply chain for build-
ing these solar-energy systems is falling 
into place, but the technology must dem-
onstrate that it is capable of delivering cost-
competitive, reliable power on a large scale 
if it is to achieve commercial success.

Proof of the viability of this technol-
ogy – which concentrates the sunlight 
by factors of several hundred onto multi-
junction cells – could come from the per-
formance data of a handful of kilowatt 
-scale plants under construction. This 
includes a 2 MW plant for Pacific Gas and 
Electric Company (PG&E), which is being 
built by GreenVolts of San Francisco, CA, 
on an 8 acre site at Tracy, about 50 miles 
east of the Bay area.

“It’s a full-on commercial power plant 
with a 20 year power purchase agreement 
with one of the nation’s largest utility com-
panies,” asserted Bob Cart, GreenVolts’ 

executive chairman. “It’s an opportu-
nity to get real field data at a considerable 
scale, and to understand installation and 
permitting, electrical wiring and losses, 
equipment and maintenance, and all of 
the other issues that go into building a 
power plant.”

When this facility is up and running it 
will give a welcome insight into the true 
cost of electrical generation with CPV. 
Comparisons of projected and actual per-
formance will also be possible, and the 
facility should eventually help to answer 
the most pertinent question – can CPV 
plants deliver acceptable performance lev-
els for 20 years or more?

setting sail
Cart formed GreenVolts in 2005, follow-
ing an 18-month sailing trip from San 
Francisco to New Zealand and back. Dur-
ing this voyage he mulled over ideas for a 

new business venture and concluded that 
renewable energy, and solar in particular, 
presented the greatest opportunity. Large 
solar panels were installed on his yacht, 
but they produced little power and were 
very expensive. He wondered how solar 
energy could ever generate electricity at a 
cost comparable to existing technologies.

“I started researching different possi-
bilities, studying patents and doing analy-
sis, and then I spent another year in the 
garage developing and tinkering.” Cart 
then entered and won a business plan com-
petition and a grant application with the 
Californian Energy Commission. Raising 
$45 m (€33.2 m) in two funding rounds fol-
lowed along with signing the power plant 
contract with PG&E in summer 2007.

The current focus is the construction of 
one of the largest CPV plants in the world, 
which was scheduled for completion this 
year. However, the deadline has been 

Concentrated thinking 
targets photovoltaics
GreenVolts of California is building a 2 MW power plant to demonstrate the commercial 
viability of concentrator photovoltaics technology. richard stevenson reports on the 

optical design and engineering challenges that will need to be addressed along the way. 

GreenVolts is constructing a 2 MW facility on an 8 acre site in Tracy, California. This large plant will feature hundreds of 3 kW, two-axis metal-framed trackers, 
with a diameter of nearly 6 m. Electricity is generated by using parabolic mirrors to focus the sunlight onto multijunction photovoltaic cells.
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solar power

pushed back to June 2010 due to the dete-
rioration of financial markets. “In a capi-
tal-constrained economy it makes sense to 
slow the deployment, deploy enough to test 
and get data, and take advantage of a cou-
ple of opportunities for innovation that we 
had planned for the next generation.”

Cart’s original plan was to rapidly deploy 
an earlier generation of the technology 
while raising more cash. This approach 
may appear reckless, but it makes a lot of 
sense, according to him. That is because 
the photovoltaic industry has seen a 20% 
fall in module costs for every doubling of 
capacity produced.

optical challenges
GreenVolts’ CPV system has two distin-
guishing features: it uses parabolic reflec-
tors rather than mirrors to focus sunlight 
and it has a novel tracker system that cir-
cumvents the need for a concrete base.

Lenses are popular because they can be 
manufactured from a single part that con-
centrates the light and protects the module 
from the environment. However, there are 
some concerns about the reliability of plas-
tic lenses, says Cart, and silicones mounted 
on glass can be very expensive.

High losses are another issue for lenses. 
Those deployed in CPV are not conven-
tional, solid lenses, which are too expen-
sive, but far thinner Fresnel designs made 
from a set of concentric annular sections 
known as Fresnel zones. Scattering occurs 
at the intersection between zones, lead-
ing to optical losses. “As you increase the 
concentration ratio, you either have to 
have more grooves or make the mater-ial 
thicker,” said Cart. “If you make the mate-
rial thicker you have more absorption 
and greater cost, and if you increase the 

number of grooves, you have more facets 
and more losses.”

Parabolic mirrors are simpler and 
deliver a higher quality of the light to the 
cell. “There is no practical limit to the con-
centration,” said Cart. “We’re already at 
625× in our first generation and now we 
are testing at concentrations well beyond 
that.” Higher concentrations will make 
thermal management more challeng-
ing, but it is the obvious route to driving 
down generation costs because the multi- 
junction chip currently accounts for one-
fifth of the cost of the entire system.

Maintaining a high tracking accuracy 
is another major hurdle to increasing 
concentration. Most systems use expen-
sive steel and concrete structures to sup-
port an array of modules off the ground, 
but this subjects the small gearboxes used 
to position the optics to very high loads, 
according to Cart. “We are using a big, 
wide ground base. This gives us the sup-
port of the ground with no concrete.” The 
GreenVolts design also places less demand 
on the gearing system, which consumes 
less power as a result.

partnership matters
Interest in CPV has rocketed over the last 
few years, and the two leading multi-junc-
tion cell manufacturers, Emcore and Spec-
trolab, are likely to face competition from 
other chip makers. Cart has some advice 
for new players looking to enter the market: 
“I think there is a concept that there will 
be a large number of CPV companies and 
they all want the same thing, a standard 
little chip. That is fundamentally wrong.” 
Ultimately, he doesn’t expect the number 
of CPV companies to be any higher than 
the number of cell companies, and points 
out that each optical system will require a 
different approach.

Successful chip makers will be the ones 
that partner closely with a small number 
of systems companies, says Cart, to develop 
products and manufacturing processes 
that meet their needs. It is no surprise, 
therefore, that he urges the chip companies 
to talk to their potential customers: “Find 
the requirements and dig in deep; don’t 
make the assumption that they under-
stand the requirements.” 

Heeding his advice will hopefully allow 
CPV to take the correct turn at the cross-
roads and ultimately become a competitive 
source of solar energy.

Richard Stevenson is features editor of 
Compound Semiconductor magazine. See our 
sister website compoundsemiconductor.net for 
further information.

Bob Cart, executive chairman of GreenVolts: 
“There is a concept that there will be a large 
number of CPV companies and they will all want a 
standard little chip. That is fundamentally wrong.”
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Higher power, narrower linewidth and 
enhanced stability is a winning combi-
nation in many laser applications. Now, 
thanks to a patented monolithic resonator 
developed by engineers at Oxxius, France, 
a unique range of diode-pumped solid-state 
(DPSS) lasers is set to deliver against all 
three of these metrics, in turn providing an 
alternative to traditional gas lasers in the 
UV and visible. What’s more, the compact 
design of the SLIM product family allows 
the lasers to be integrated into analytical 
instruments, opening up new applications 
in biophotonics and spectroscopy.

What sets the SLIM lasers apart is a 
proprietary, alignment-free monolithic-
resonator (AMR) technology that sees the 
elements in the cavity assembled into a sin-
gle ultra-low-loss optical subsystem. Using 
a process called optical contacting, contact 
forces (electron sharing, van der Waals’) 
between the end-faces of two crystals cre-
ate a bond that is extremely robust with 
time and temperature variations. Dielec-
tric mirrors coated at the end-faces of the 
crystals complete the monolithic assembly 
with no moving parts.   

With very little alignment required, it is 
then straightforward to embed the cavity 
assembly in a laser module. Passive filters 
in the resonator ensure emission stability, 
while crystal temperatures are control-
led to match these filters to environmen-
tal conditions. The resulting lasers make 
up the SLIM platform with CW emission 
at 473 nm (up to 50 mW), 532 nm (up to 
500 mW) and 561 nm (up to 200 mW).

a decade in the making
Solid-state laser technologies have been 
replacing gas lasers for more than a dec-
ade in a variety of applications (e.g. flow 
cytometry and confocal microscopy). 
GaAs laser diodes are widely used beyond 
640 nm, 785 nm diodes have been used as 
Raman spectroscopy sources and 640 nm 
diodes as He-Ne laser replacements. More 

recently, reliable GaN products have 
extended their range from near-UV to blue 
emission (488 nm laser diodes have been 
available since 2008). Between 488 and 
640 nm, frequency-doubled lasers are an 
ideal solution for integrators and research-
ers who wish to do away with the bulk and 
power consumption of gas-based systems.

In parallel, manufacturers have devel-
oped and improved their DPSS laser tech-

nologies. Starting with 532 nm, the product 
range has expanded to more exotic wave-
lengths, such as 561 or 594 nm, which are 
of great interest for bioanalysis applica-
tions. DPSS lasers are designed with a gain 
medium (Nd:YAG is the most common), a 
nonlinear crystal (e.g. KTP), beam-shap-
ing optics and mirrors. Although several 
resonator designs can be used, these ele-
ments are typically glued or soldered to a 
ceramic base-plate and then thermalized 
to ensure a stable emission.

As most analytical applications require 
a very stable laser (i.e. minimal long-term 
power drift and intensity noise), mechani-
cal stability of the resonator is a must-have 
specification. Indeed, a cavity-length change 
of tens of nanometres is enough to trigger 
mode hops – and with a limited number of 
longitudinal modes, this directly translates 
into significant power fluctuations.

While the efforts of several laser manu-
facturers have finally paid off, the produc-
tion of stable lasers remains a significant 
challenge. Careful alignment of various 
optical elements is essential, increasing the 
cost and the complexity of manufacture. 

Some analytical applications (e.g. Raman 
spectroscopy, interferometry and hologra-
phy) have stringent spectral requirements, 
such as narrow linewidth (less than a few 
wavenumbers), coherence length (typi-
cally greater than 1 m) and wavelength 
stability (in the order of a few 10s of MHz 
per minute). Suitable lasers are typically 
single-frequency devices, which raise the 
technical difficulty and costs to levels that 
limit the growth of these applications.

radical design
Against such obstacles, the monolithic 
design offers several advantages. The first 
is improved performance. The absence of 
air-crystal interfaces reduces the Fresnel 
reflections that contribute to resonator 
losses. In addition, reflected light remains 
in the resonator. This in turn significantly 

a new generation of 
solid-state lasers

A radical rethink of solid-state-laser design is opening up growth applications in analytical 
instrumentation. Nicolas Féat of Oxxius explains how monolithic resonators are enabling 

a new class of sources with higher powers and improved stability.

First contact: what sets the SLIM lasers apart is a 
proprietary, alignment-free monolithic-resonator 
technology. Optical contacting at the crystal 
interfaces eliminates the crystal alignment 
issues, while the compact design facilitates 
integration into ultra-mini laser packages.
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increases the conversion effi ciency of the 
laser. A striking illustration of this is the 
output power obtained at 561 nm: up to 
350 mW has been achieved using a 2 W 
pump diode, and resonator powers beyond 
200 mW are measured routinely.

The monolithic cavity is also instrumen-
tal in ensuring single-frequency opera-
tion. Since vibrations have no effect on 
the resonator’s length, thermal expansion 
becomes the sole phenomenon to be man-
aged in this respect. It is therefore possible 

to predict the behaviour of the laser and to 
very tightly control the spectral properties. 
Over time, Oxxius has refi ned its fi rmware 
and is now able to track a given longitu-
dinal mode, guaranteeing wavelength 
stability to the point that the monolithic 
microchip approach now gives a spectral 
purity and frequency stability akin to those 
of a non-planar ring oscillator.

Another advantage is enhanced reli-
ability, as the monolithic resonator avoids 
a variety of failure modes. First, as no air 

is present intracavity, pollutions cannot 
occur where the IR power density is the 
highest. Second, the resonator is so effi cient 
that the laser diode is under-driven signifi -
cantly, thereby increasing lifetime. Third, 
the removal of the air-crystal interfaces 
boosts the crystals’ lifetime. And fi nally, 
given the strength of the bond obtained 
by optical contacting these crystals, mis-
alignments are not possible.

At the same time, the monolithic design 
permits volume manufacturing of high-
end lasers. The assembly of the monolithic 
cavity is simple by the standards of optical 
manufacturing, and relies on a repeatable 
process and established techniques. Com-
bining these factors makes for predictable 
performance without the requirement for 
heavy automation investments.

Such an assembly was a signifi cant chal-
lenge to design and develop. Perhaps the 
biggest hurdle was the painstaking acqui-
sition of the know-how required for the 
optical contacting of crystals. Although 
optical contacting is a well known tech-
nique – most notably in microscopy – the 
crystals contacted in this resonator present 
a significantly smaller area than tradi-
tional optics. The training of suppliers was 
another problem. Although standard crys-
tals are used to make up a resonator, some 
elements of their manufacture require 
careful management.

The new solution
Several applications are already benefi t-
ing from the use of monolithic solid-state 
lasers. Primarily, when strict requirements 
are placed on spectral properties, the SLIM 
has the potential to become the solution of 
choice. The laser’s spectral purity meets 
the requirements of Raman spectroscopy, 
while its frequency stability fi ts the needs 
of holography and interferometry alike. Its 
mode-hop free operation makes it one of the 
few lasers suitable for frequency-doubling, 
to generate UV light.

The SLIM is also being used in biomedi-
cal research. Last year’s Nobel Prize in 
Chemistry was awarded for work on the 
engineering of fl uorescent proteins. These 
proteins are excited at 561 nm, and in 
several applications (such as the sorting 
of cells in fl ow cytometry, small-animal 
imaging and total-internal-refl ection fl uo-
rescence microscopy) their performance is 
improved signifi cantly by increasing the 
power level to 200 mW – which is possible 
with the SLIM-561.

Nicolas Féat is product line manager at Oxxius, 
France. For more information, visit www.
oxxius.com.
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laser facilities

Europe is thinking big – big lasers, big sci-
ence, big budgets. Over the next decade, 
a trio of planned pan-European research 
facilities will give scientists access to 
unprecedented laser powers and intensi-
ties, opening the door to exotic science that 
will shed light on the origins of the universe 
and, it is hoped, provide the foundations for 
a sustainable energy future. 

The overall construction cost for this new 
generation of “super lasers” is in excess of 
€2 bn, with operational budgets running 
to several hundred million euros per year. 
That’s a price worth paying, says Christian 
Kurrer, research programme officer at the 
European Commission. 

“International infrastructures attract 
the best research scientists,” Kurrer told 
delegates attending the “Emerging Euro-
pean Laser Facilities: Beyond Petawatt” 
workshop at the recent SPIE Europe 
conference in Prague, Czech Republic. 
“The infrastructures are well beyond the 
man-power and financial resources on a 
national level. This is why we need more 
collaborative efforts.” 

into the unknown
One of those collaborations is the High 
Power Laser Energy Research (HiPER) 
facility. Headed up by the UK Science and 
Technology Facilities Council (STFC), a 
research funding body, HiPER’s mission 
is to carry out proof-of-principle research 
into energy generation from laser-driven 
inertial-confinement fusion. The grand 
challenge: to initiate and study nuclear-
fusion reactions via laser heating of a 
millimetre-sized fuel pellet (containing a 
mixture of deuterium and tritium) to tem-
peratures greater than 100 million °C.  

Although construction of HiPER is not 
slated to begin until 2014, the process of 
whipping existing laser technology into 
shape to deliver a light source with the 
requisite capabilities is already under 
way. “Current laser capability has reached 
its culmination in the petawatt (1015 W) 
scale,” observed Mike Dunne, project direc-

tor of HiPER and a senior scientist at the 
Rutherford Appleton Laboratory (RAL), 
UK. “We’re looking at how to take it [the 
technology] to the next generation.”

This is the purpose of the three-year 
preparatory phase on HiPER, which is 
running alongside initial experiments 
at the US Department of Energy’s $4 bn 
(€3.1 bn) National Ignition Facility (NIF) 
in California. (As with HiPER, the end-
game for NIF, a huge facility consisting of 
192 pulsed laser beams with a total energy 
of 1.8 MJ, is the creation of nuclear fusion 
in the laboratory.)

Dunne anticipates that progress at NIF 
over the next few years will shape the 
future of HiPER. “[NIF] will prove the 
scientific principle [of laser fusion]: you 
get more energy out than you put in. We 
believe we now need to back that up with 
a whole bunch of technology that can 
exploit that science.” What he’s alluding to 
here is big science that could one day, after 
decades of endeavour, open the way to a 
fundamental reinvention of large-scale 
power generation.

Another major European laser facility 
in the works is the Extreme Light Infra-
structure (ELI), a project that’s being led 
by scientists at the Laboratoire d’Optique 
Appliquée (LOA) at the Ecole Polytech-
nique, Palaiseau, France. Scheduled to fire 
up in 2015, ELI will enable fundamental 
science to be carried out at the very high-
est laser powers (in the exawatt regime, 
1018 W) and intensities (1024 W/cm2). 

“The idea with ELI would be to develop 
something of the order of the 200 PW 
level,” said John Collier, science and tech-
nology leader on the project. “That would 
serve a number of purposes. One would 
be to push the frontiers of the science 
that’s already been done with the 1 PW 
systems [e.g. the Central Laser Facility at 
RAL] today and will be done with [future] 
10 PW systems. It’s also likely to take us 
into new regimes.”

Like HiPER, ELI will allow academic 
researchers to explore fundamental science 

at the extremes (stuff like photon–photon 
scattering and other nonlinear quantum 
vacuum effects). Other missions outlined 
in the ELI project include attosecond sci-
ence (e.g. the study of the ultrafast motion 
of electrons inside atoms over timescales of 

Researchers and industry will need to work closely together 
if Europe is to maximize the returns on its investment in a 
planned new generation of high-power laser facilities being 
built over the next decade. caryl richards reports on the 
challenges and opportunities of big science.

europe’s big lasers: the exawatt roadmap

It’s got the power: a researcher at the Central Laser Facility, UK, checks an optical amplifier system on the Vulcan laser, which is being upgraded for operation in the 10 PW regime.
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Tunnel vision: the underlying principle of the European XFEL is a process known as self-amplified spontaneous emission. In this case, lasing occurs in a single pass of a relativistic 
electron “bunch” accelerated through a long magnet structure known as an undulator (left). Construction of the XFEL facility got under way earlier this year (right).
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laser facilities

the order of 10–18 s) and generating a sec-
ondary source of electron beamlines from 
the light-matter interaction. HiPER, mean-
while, will also enable scientists to study 
laser–plasma interactions and “laboratory 
astrophysics” (e.g. the creation of condi-

tions in the lab that could yield insights 
into supernovae evolution). 

At the same time, Collier believes that 
there may be all sorts of spin-off applica-
tions resulting from Europe’s new gen-
eration of big-laser facilities, in areas as 

diverse as radiation oncology and home-
land security. “You’ve seen the impact 
that lasers have had on the photonics 
industry,” he added. “I’m sure that there’ll 
be plenty of applications if we can develop 
diode-pumped technology at the several-
hundred-joule level.” 

rising to the challenge
Getting projects like HiPER and ELI off 
the ground is a massive undertaking, one 
that will depend on exhaustive definition 
of the laser designs. One potential route 
for HiPER is a two-stage process called fast 
ignition. Here, several driving laser beams 
would initially compress the fuel pellet to 
extremely high densities, followed by igni-
tion with an electron beam generated by 
a multikilojoule laser. Should HiPER take 
this course then it will require high-rep-
etition-rate technology based on diode-
pumped solid-state lasers. 

Existing lasers at the Central Laser Facil-
ity provide possible templates for the devel-
opment roadmap to higher-power regimes. 
The titanium:sapphire-driven Astra-
Gemini, for example, is a high-power, high-
repetition-rate laser capable of firing once 
every 20 s. The Central Laser Facility is also 
home to the flashlamp-driven Vulcan, one 
of the world’s highest-power laser systems. 
Vulcan is currently undergoing an upgrade 
from 1 PW to the 10 PW regime by utilizing 
optical parametric chirped-pulse amplifi-
cation, a technique that could also find 
application in the HiPER and ELI projects.

According to Collier, though, the jury 
is still out on the best approach to realize 
a high-repetition-rate 200 PW laser. “For 
a certain class of experiments, you want 
this power to be focused as if it were a single 
beam in order to get maximum intensity. 
Obviously we can’t deliver that amount of 
energy in a single beamline.”  

O ne p o s s ible  c ont ender  i s  a 
titanium:sapphire single-laser beamline 
called ILE, a work-in-progress at LOA. Even 
when fully optimized, however, the peak 
output power from ILE falls way short, at 
around 20 PW. The solution could be to 
coherently lock multiple beams into a sin-
gle output, though this is a daunting chal-
lenge in its own right.

While none of these lasers will be a direct 
blueprint for a 200 PW system, Dunne 
takes the view that, as world-class research 
facilities, they will provide a huge talent 

europe’s big lasers: the exawatt roadmap

It’s got the power: a researcher at the Central Laser Facility, UK, checks an optical amplifier system on the Vulcan laser, which is being upgraded for operation in the 10 PW regime.
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Tunnel vision: the underlying principle of the European XFEL is a process known as self-amplified spontaneous emission. In this case, lasing occurs in a single pass of a relativistic 
electron “bunch” accelerated through a long magnet structure known as an undulator (left). Construction of the XFEL facility got under way earlier this year (right).
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laser facilities
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pool for the work in hand. “It’s a cluster-
ing of people that gives you the capability 
to move forward,” he said.   

X-rated
Ready access to such talent is certainly a 
feature of the European X-ray Free Elec-
tron Laser (European XFEL). This large-
scale facility is dedicated to generating 
ultrashort, hard X-ray flashes for a range 
of basic and applied research, including 
atomic-scale metrology and time-resolved 
studies of chemical reactions down to the 
100 fs regime. Construction began on 
the 3.4 km long laser facility at DESY, an 
established particle physics and photon-
ics research laboratory in Hamburg, Ger-
many, at the beginning of the year. 

“DESY has a strong X-ray and synchro-
tron-radiation department, and there have 
been contributions from the groups in this 
department,” explained Thomas Tschent-
scher, director of user operations with 
the DESY XFEL project team. “The pho-

ton diagnostics group, for example, was 
selected because it has world-class exper-
tise in this field.”  

DESY has taken the technology and 
knowhow from an existing pilot facility, 
FLASH, which is optimized for the extreme 
UV and soft X-ray range. “The European 
XFEL is based on the knowledge that 
has been accumulated at FLASH,” said 
Tschentscher. “We will continue to operate 
FLASH as a user facility for the 6–60 nm 
regime and we will basically build a new 
machine to cover the wavelength range 
from below 0.1 nm up to 6 nm.”

As with FLASH, the underlying principle 
of the European XFEL is a process known 
as self-amplified spontaneous emission. In 
this case, lasing occurs in a single pass of 
a relativistic electron “bunch” accelerated 
through a long magnet structure known 
as an undulator. Sufficient gain is achieved 
by using an undulator of suitable length 
and several of these electron bunches. 
Provided that there is overlap between the 

Fusion factory: the HiPER project will use large diffraction grids (shown above) to create the 10 ps laser 
pulses needed to initiate inertial-confinement fusion reactions.

S
TFC

HiPER ELI European XFEL
Description high-power, long-pulse laser 

for fast ignition fusion
extreme-light-intensity, 
short-pulse laser

hard X-ray free-
electron laser

Construction 
cost (€) 800 m 400 m 1043 m

Operation cost  
(€/year) under discussion approx. 50 m approx. 84 m

First possible 
operation 2020+ 2015 2014

Website www.hiper-laser.org www.eli-laser.eu www.xfel.eu

the big picture
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  Output current to 220A QCW and 125A CW  
  Compliance voltage up to 70V 
  Precision current control with 10 mA setpoint resolution
  Hard pulse capability with pulse widths to 2 seconds 

   and duty cycle to 90%
  Peak and CW forward voltage and photodiode measurement
  Laser over-temperature protection
  IEEE488/GPIB instrument interface

The LDX-36000 Series High Current Laser Diode Drivers combine high 
current output with multiple levels of laser diode protection for safely 
testing high power laser diodes.  Each source operates in either CW or 
QCW mode with precision low noise output current and clean pulses.  
Select from over twelve models with CW current output from 10A to 
125A, QCW output from 20A to 220A, and compliance voltages from 12V 
to 70V.  A hard pulse operating mode has been added for testing bond 
reliability with pulse widths up to two seconds and duty cycle up to 90%.

These current sources are designed specifically 
for use with high power laser diodes and provide 
multiple levels of laser diode protection including 
floating outputs, adjustable voltage and current 
limits, output shorting relays, slow turn-on/off 
circuits, fast fault response, and transient 
protection during power up and laser operation.

Developed for automated laser diode testing in CW or pulse mode, 
precision control and measurement and an IEEE488 / GPIB interface 
with on-board data storage make these drivers ideal for accurate  testing 
of single emitters, laser diode bars, stacks, and arrays in R&D as well as 
manufacturing test applications.

To learn more about the LDX-36000 Series High Current Laser Diode 
Drivers or to download the article “Power Supplies: Performance Factors 
Characterize High Power Laser Diode Drivers”, visit us on the web at 
www.ilxlightwave.com or contact one of our sales engineers at 
1-800-459-9459.

800-459-9459     406-556-2481
www.ilxlightwave.com

 

laser facilities

spontaneous radiation from the first part 
of the undulator and the electron beam, 
interaction between the electromagnetic 
radiation and the electron bunch leads to 
coherent radiation with enhanced power.

Upon completion, the European XFEL is 
intended to provide the brightest source 
of hard X-ray pulses at the highest repeti-
tion rate (30 000 flashes per second). In an 
initial version electron bunches will be 
separated into three beamlines delivering 
coherent pulses to six different experimen-
tal stations tuned to specific wavelengths. 

Getting it done
At the operational level, Europe’s new gen-
eration of big-laser facilities are going to 
require technology push on a grand scale 
as they transition off the drawing board 
into full-scale working laboratories. 

High-performance ceramics, thinner 
KDP crystals with better damage thresh-
olds, and cheaper laser diodes are among 
the “must-haves” at the component level. 
Larger optics at the half-metre scale are 
also needed with coatings capable of with-
standing hostile environments. The list 
goes on. “In a technical sense, we’re essen-
tially just conceptualizing and identifying 
where the areas are that need develop-
ment,” explained Collier.

Put simply, the success of HiPER, ELI 
and XFEL will depend, to a large degree, 
on research-industry partnerships that 
outsource some of the technology chal-
lenges to companies across the optics sup-
ply chain. What’s more, says Dunne, the 
time for industry to engage is now, since 
the projects are funded to enable the pre-
paratory stage of the work. “If I was in their 
[the industry vendors’] shoes I would start 
planning now as to how we are going to 
engage in that activity in the early part of 
the next decade. It’s a good time to start 
that conversation.”

Equally important is ensuring that the 
necessary skills base is in place to run these 
advanced laser facilities to their full poten-
tial. This means drumming up awareness 
of the projects in the physics and engineer-
ing departments of Europe’s leading uni-
versities. “There is a very large capability 
base out there,” said Dunne. “What we 
would like to see is part of that capability 
and capacity turn to this problem.”

While Collier agrees that Europe already 
has a strong pool of talent, there are still 
areas of laser science and interaction phys-
ics where he sees room for improvement. 
“One of the key aspects, particularly for 
HiPER to go forward, is making sure that 
we grow these communities over this com-
ing decade,” he concluded.  
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How did the company begin?
The company was formed in 1999 when 
physicists Azriel Genack and Victor Kopp 
at City University of New York, US, discov-
ered and explained lasing in cholesteric liq-
uid-crystal (CLC) films. CLCs are thin-film 
materials that are often used to fabricate 
fish-tank thermometers or mood rings, 
which change colour according to temper-
ature. The molecules in CLCs are arranged 
in a helical or chiral arrangement and, as 
temperature varies, so does the pitch of the 
helical structure, which thus reflects dif-
ferent wavelengths of light.

Genack and Kopp decided to mimic the 
self-assembled structure of CLCs using tiny 
lengths of twisted fibre. The company now 
produces sensors, filters and interconnects 
and has accumulated more than 30 pat-
ents based on chiral photonics.

What is chiral photonics?
Chiral photonics stems from the unique 
way in which light interacts with chiral or 
helical structures such as twisted optical 
fibres. At Chiral Photonics we have built 
microforming towers that allow us to fab-
ricate devices based on fibres that can be 
twisted through more than 25 000 revo-
lutions over a 1 inch length. The density 
of twists per inch (or periodicity) deter-
mines the extent of filtering, polarizing or  
scattering of light and results in three cat-
egories of chiral fibres.

Chiral gratings with a pitch of the order  ●

of 100 µm (known as chiral long-period 
gratings) couple light into the cladding of 
the optical fibre and are the basis for our 
sensor technology.

Chiral gratings with a pitch of the order  ●

of 10 µm (known as chiral intermediate-
period gratings) scatter a portion of the 
light out of the fibre and are the basis for 
our polarizer and isolator technology.

Chiral gratings with a pitch of the order  ●

of 1 µm (known as chiral short-period 
gratings) reflect light within the fibre core 
and are useful for filtering and lasing.

The gratings can target specific wave-
lengths determined by their helical pitch. 
The gratings also have a handedness, much 
like a screw. This handedness can be used 
to selectively determine how they interact 
with a specific polarization of light. Unpo-
larized light contains a mixture of left and 
right circularly polarized light. Only circu-
larly polarized light with the same handed-
ness as the chiral structure will “feel” the 
structure and be scattered backwards, into 
the cladding or out of the fibre.

For example, a right-handed intermedi-
ate-period grating will scatter only right-
handed circularly polarized light. This will 
leave left-handed light to be transmitted. 
This polarization selectivity, and the ability 
to simply convert circular to linear polari-
zations via the same chiral structures, is 
the basis for non-absorbing polarizers and 
polarization-selective lasing.

What are the advantages of chiral 
photonic structures?
Chiral structures enable in-fibre devices 
that can displace discrete optical ele-
ments such as lasers, filters and sensors. 
These devices improve system transmis-
sion efficiency and robustness and ease 
integration. What’s more, the devices 
are manufactured using an automated 
and scalable process, which, for example, 
promises lasers that are a fraction of the 
cost and three times more efficient than 
today’s semiconductor lasers. 

What are the main applications?
Our spot-size-converting interconnects 
are being used by leading telecoms and 
datacoms companies to directly couple 
sub-micron-sized waveguides to standard 
optical fibres. These interconnects exhibit 
low loss (less than 0.5 dB), preservation of 
polarization and channel spacing below 
25 µm and obviate the need for on-chip 
spot-size conversion, which takes up pre-
cious space. They also eliminate the air 
gap required for typical lens-fibre cou-

Taking inspiration from the helical-shaped designs found in nature, Chiral Photonics is 
adding a new twist to optical technologies. Dan Neugroschl, the company’s president, tells 

Marie Freebody about the unique ways in which light interacts with chiral structures.

twisted optical fibres: 
it’s time to think chiral

“Chiral structures promise lasers that are a 
fraction of the cost and three times more efficient 
than today’s semiconductor lasers,” said Dan 
Neugroschl, president of Chiral Photonics.

In-fibre chiral polarizers exhibit excellent 
broadband performance, bend-insensitive stability 
across a broad temperature range and an ability to 
address a wide range of wavelengths.

The company’s spot-size-converting interconnects 
are being used by leading telecoms and datacoms 
companies to directly couple sub-micron-sized 
waveguides to standard optical fibres. 
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The R4 series of 25-400W single mode fiber lasers from SPI is now 
complemented by a low moded welding laser improving weld process 
capability by widening weld profiles, bridging fit up issues and 
improving control and repeatability on spot welds. For superior butt, 
seam or spot welding of fine electronic, battery or medical 
components request a trial on www.spilasers.com/TBYB.

Power+Control
400W Welding Laser
Unique M2 =4 beam profile

Visit SPI Lasers at Laser World of Photonics, Munich 15-18th June » Stand C2 481

pling, which compromises package stabil-
ity, especially for waveguides with small 
mode-field sizes.

The company also offers a temperature 
sensor that can be used at temperatures 
up to 1100 °C without degradation. The 
sensors are based on pure silica fibres and 
are being used for turbine and combus-
tion engine development and monitoring; 
geothermal, oil and gas applications (both 
borehole and refining processes); materi-
als processing, such as metal smelting and 
welding; and solar collection.

Our in-fibre chiral polarizers exhibit 
excellent broadband performance, bend-
insensitive stability across a broad tem-

perature range and an ability to address 
a wide range of wavelengths. These polar-
izers are used for sensing applications – 
including current, biomedical, gyroscope 
and pressure sensors – as well as telecoms 
applications.

Chiral Photonics also offers twisted 
capillary tubes, which can be used for the 
study of protein molecules. Passing the pro-
tein through a twisted channel allows it to 
unfold and be imaged. What’s more, the 
rotation of the protein as it passes through 
the channel enables 360° imaging. In addi-
tion, the capillary tubes have other micro-
fluidic applications, including mixing and 
uniform heat exchange.

What can we expect to see from 
Chiral Photonics in the future?
One of the most troublesome and expensive 
components needed in the construction of 
high-power fibre lasers is the optical iso-
lator. The current state-of-the-art is an 
in-line isolator that is composed of bulk 
optical components. The drawback of 
these isolators is that free-space facets in 
high-power applications can be easily 
burned – even with the slightest misalign-
ment. These misalignments are especially 
hard to avoid where high optical power is 
present, as even minimal absorption can 
result in slight thermal excursions.

Chiral Photonics is developing an in-fibre 
chiral isolator that has no exposed facets. 
Although this is work in progress, we want 
to involve fibre laser manufacturers at an 
early stage as isolator pigtails are integral 
to the design and to that of the fibre laser 
into which it will be integrated.

We are also developing our first active 
component, a chiral fibre laser based on 
chiral short-period gratings, which will 
exploit the very efficient chiral feedback 
structure to enable a low-cost, single-
polarization, single-frequency laser that 
can be used for sensing and high power, 
seed-laser applications.

0.80 mm OD (metal sheathing)
jacketed SM Fibre (3 mm OD) FC/APC connector

25 mm

300 mm (metal sheathing)

15 mm (sensor/grating)

2 m

Chiral Photonics’ temperature sensors are based on pure silica fibres and can be used at temperatures 
of up to 1100 °C. The sensors are ideal for use in materials processing applications, among others.

 

OLEJun09CHIRAL_p39-40.indd   40 1/6/09   11:49:05

http://www.spilasers.com/TBYB


41

technology tutorial

OLE • June 20 09 • o p t i c s .o r g /o l e

Over the past decade, improvements in 
diode-laser fabrication and packaging 
technology have enabled the construc-
tion of compact, integrated systems with 
several kilowatts of output. These high-
power direct-diode laser (HPDDL) systems 
offer a combination of excellent electrical 
efficiency, low maintenance and ease of 
integration, all of which contribute to a low 
cost of ownership unmatched by any other 
laser technology. As a result, HPDDLs are 
making inroads in a variety of materials 
processing applications. Before reviewing 
those applications in more detail, it’s help-
ful to revisit the fundamentals of HPDDL 
construction and operation. 

Powering up
The edge-emitting diode laser is a semi-
conductor device that converts electrical 
energy directly into laser light. Typically, 
the highest output power is achieved in the 
near-infrared, most commonly at either 
808 or 980 nm. While an individual diode 
laser produces only up to a few watts of 
output power, numerous emitters can be 
fabricated on a single, monolithic semicon-
ductor substrate (called a “bar”) for a total 
output as high as 100 W. 

Because of the small size of diode-laser 
bars, they can be effectively cooled with 
a low volume of circulating water and a 
chiller. Figure 1 shows a mounting config-
uration for diode-laser bars called a micro-
channel-cooled package (MCCP). Here, 
the diode-laser bar is mounted on a plate 
having internal water-circulation chan-
nels. The MCCP contains two large water 
ports, for input and output, each with 
an O-ring at their respective edges. The 
O-rings provide a water-tight seal when 
two MCCPs are placed against each other, 
a feature which enables multiple MCCPs to 
be stacked together and water circulated 
through the entire assembly. The figure 
also shows just such an assembly of several 
MCCPs. The resulting stack is an extremely 

compact assembly that can deliver several 
kilowatts of power. 

Unlike many other lasers, which produce 
a round, focusable Gaussian beam, the 
output of a diode-laser stack comes from 
numerous individual emitters spread over 

an area several square millimetres in size. 
Furthermore, diffraction at the micron-
sized rectangular emitters causes each 
to produce an elliptical beam with asym-
metrical divergence. Because of this, spe-
cialized optics must be employed in order 

High-power direct-diode lasers have emerged as a competitive option for applications like 
cladding, welding and heat treating. Stuart Woods of Coherent explains why the basic 
construction and operation of direct-diode systems translate into low cost-of-ownership.

Direct-diode lasers: 
they’ve got the power

cooling water
ports

MCCP

output beams
diode
laser bar

MCCPs

14 mm

35 mm

water
inlet/outlet
ports

Hot property: HPDDLs provide an alternative to CO2 lasers for heat-treatment of machine tools. The 
process involves rapid heating and cooling of a thin surface layer of a metal.

Fig. 1: the microchannel-cooled package (MCCP) architecture. Individual diode-laser bars are mounted 
onto an MCCP (left) and multiple MCCPs are combined into a multikilowatt stack (right).
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Focus Your
Energy

Fiberguide Industries, Inc., has 
developed a compact, ruggedized 
line of Collimators & Focus Guides
that offer ease of handling and
mounting. The Collimators can be
used separately or in tandem with 
the Focus Guides to create a specific
beam diameter from an optical fiber. 
The Collimators are available in
Macro, Mid-Size, and Micro sizes
which are compatible with optical
fiber diameters up to 1000µm.

Features include:
• Wide wavelength range from UV / IR
• Standard female SMA connector
• Optional ST, SC, FC connectors
• Precision, lockable focus adjustment
• N.A. available: .12, .22, .26, .39, .40

Applications include:
• Fiber to detector coupling
• Sensing
• LIDAR
• Spectroscopy
• Laser diode interface

Fiberguide’s quality made Collimators
& Focus Guides are the perfect way to
focus your fiber optic energy. Call us
today and place an order. 

to convert the raw output into a far-field 
format useful for most applications. 

These collection optics utilize both cylin-
drical and spherical lenses to gather and 
collimate the output of the entire stack. This 
light can then be focused onto the work-
piece directly (termed free-space delivery) 
or channelled into a single optical fibre, 
enabling remote (up to 30 m) delivery of 
the laser source from the processing area. 
A typical output beam from a free-space 
HPDDL system might be 12 × 1 mm at its 
point of focus, while a fibre-delivered sys-
tem might produce a round spot that is only 
a few millimetres in size. Also, fibre deliv-
ery generally yields a higher power density 
(laser energy per unit area) at the work-
piece compared with free-space delivery. 

the diode difference
Besides their output geometry, there are 
other ways in which HPDDLs differ from 
more traditional industrial lasers. For start-
ers, the wallplug (electrical conversion) 
efficiency is many times higher in diode 
lasers than for any other laser type, includ-
ing CO2, lamp-pumped solid state (LPSS), 
diode-pumped solid state (DPSS) and even 
fibre lasers (because fibre lasers consist of 
a fibre cavity pumped by diode lasers, and 
it is impossible for the fibre-laser cavity to 
convert the diode pump light with 100% 
efficiency). The primary benefit of this effi-
ciency is lower operating cost for the sys-
tem, because less electricity is required to 
produce a given amount of output power. 
Of course, this reduced power consump-
tion also decreases the carbon footprint of 
the laser’s operation. 

HPDDLs are physically compact and 
lightweight when compared with most 
other industrial lasers (see photo above). 
This in turn lowers their integration costs. 
In addition, a closed-loop cooling system 
can be connected to the diode stack afford-
ing a typical operating lifetime of tens of 

thousands of hours. Closed-loop cooling 
also makes it possible to use a water and 
coolant mixture specifically optimized to 
match with the metallurgy of the MCCPs, 
so as to further maximize their lifetime. 
This approach is utilized in some commer-
cial HPDDLs, such as the Coherent High-
Light 1000F laser system.

As a result, HPDDLs offer substantially 
lower cost-of-ownership when measured 
against other laser technologies. Equally, 
the initial capital cost is usually lower for 
an HPDDL than for another laser type of 
equivalent output power. 

technology trends, applications
HPDDL technology trends are centred on 
improving fibre-coupled brightness without 
any sacrifice in reliability or increase in the 
already low cost of ownership. In particular, 
the diodes that make up these stacks and 
the fibres that are married to them are both 
evolving together so as to maximize light-
coupling efficiency. For example, complete 
bars are being tailored for fibre coupling 
from their initial design. This eliminates the 
need to make the individual diode emitter 
as bright as possible, and to then couple that 
emitter to a singlemode fibre, which is then 
combined into a fibre bundle. 

One thing is certain: HPDDLs offering 
kilowatts of power from fibres that are 
hundreds of microns in diameter are just 
around the corner. Over time, it’s inevitable 
that fibre-coupled bars will take on single 
emitters at the application and pumping 
level, while delivering lower cost per watt 
with equivalent reliability. 

Despite the positive outlook, some appli-
cations are out of reach. The beam char-
acteristics of HPDDLs preclude focusing to 
the submicron or even submillimetre spot 
sizes achieved with many other laser types. 
Consequently, they are not suitable for 
high-precision micromachining or metal 
cutting. However, the size, cost and optional 
fibre delivery of HPDDLs makes them an 
attractive option for tasks requiring intense 
heating over a well defined area of a few 
millimetres in size. Typical examples are 
cladding, heat treating and welding.

l cladding involves the creation of a new 
surface layer on a part, with that new layer 
having a different composition to the base 
metal. The process is used to improve the 
surface and near-surface properties (e.g. 
wear, corrosion or heat resistance) of 
parts, or to resurface a component that has 
become worn. Typically, the clad material 
is supplied in powder or wire form, which 
is thermally melted and fused onto the sub-
strate (figure 2). For maximum adhesion, 

The Coherent HighLight 4000L is a compact 
HPDDL that delivers 4 kW of output.
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the clad layer should form a true metal-
lurgical bond with the substrate material 
(although dilution of the base material with 
the clad material is not desirable, since this 
would change the bulk properties). 

The output of the free-space delivered 
HPDDL is well matched to the needs of 
many cladding applications. Specifically, 
the focused line beam is used to melt the 
clad material, while either the beam or part 
is translated. With powder-based cladding, 
the long axis of the line beam is oriented 
perpendicular to the scan direction, ena-
bling large areas to be processed rapidly. 
Alternatively, for wire-feed cladding, it is 
usually advantageous to orient the beam 
with the short axis in the direction of travel. 
Both powder-based or wire-feed cladding 
of smaller areas can be done with a fibre-
coupled HPDDL as well.

All told, HPDDLs offer advantages over 
traditional cladding methods such as arc 
welding and thermal spraying. They deliver 
a true metallurgical bond with lower dilu-
tion than arc-welding-based techniques, 
and their low heat input minimizes the 
potential for part distortion. They also pro-
duce a better-quality bond than thermal-
spraying methods. Furthermore, unique 
cladding compositions can be optimized 
for good wear resistance and low friction 
coefficients, all at a low application cost.

l laser welding is an established tech-
nology currently performed with DPSSLs, 
LPSSLs and fibre lasers, as well as HPDDLs. 
Automotive body welding, in particular, 
is dominated by LPSS technologies. Fibre 
lasers have been considered for this appli-
cation but, in general, they have been found 
to be too bright and too expensive. 

Compared with all of these other lasers, 
the primary advantage of HPDDLs is the 
substantial cost-of-ownership savings 
derived from their electrical efficiency. Put 
simply, HPDDL technology can be opti-

Fig. 2: configurations for powder and wire cladding 
using the line-beam output from an HPDDL.

Powder cladding

Wire cladding

powder
line beam

clad area

wire

direction of travel

line beam
clad area

direction of travel
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mized to deliver the right brightness and 
power for a specific welding task at the low-
est cost of ownership for the end-user.

This is further aided by the fact that HPD-
DLs have an instant “on” capability, elimi-
nating standby power consumption. Even 
larger savings result from reduced main-
tenance costs and downtime, which are 
orders of magnitude lower for the HPDDL 
than other welding lasers.

Indeed, their small size and low weight 
mean that these laser systems can be 
mounted directly onto robot arms and 
moved relatively quickly. Alternatively, 
optical-fibre delivery allows a high level of 
flexibility in terms of where the laser sys-
tem is located; it also enables beam delivery 
into tight or hard-to-access spaces. Typical 
uses are therefore under-hood welding of 
components in automobile manufacturing 
or cylindrical containers like batteries. 

l heat treating (or case hardening) 
involves rapid heating and cooling of a 
thin surface layer of a metal (usually steel 
or cast iron). This process generates a 
change in crystalline properties resulting 
in greater hardness compared with the 
bulk substrate. Case hardening is widely 
used with machine tools and on bearing 
surfaces of moving parts. 

CO2 laser systems have found limited 
use in case hardening for many years. 
The laser’s primary advantage is that it 
produces rapid heating and cooling over a 
spatially well defined area. This yields rapid 
processing, precise control over case depth 
and minimal part distortion (eliminating 
the need for post-processing). However, 
CO2 lasers suffer from three drawbacks 
that have limited their widespread use. 
First, the 10.6 µm wavelength is not well 
absorbed by most metals, so parts must 
typically be painted with an absorptive 
material before processing. Also, the beam 
size of CO2 lasers is not well matched to 
the needs of most case-hardening applica-
tions, which typically require processing of 

an area several square millimetres in size. 
Finally, the cost of CO2 lasers does not com-
pare favourably with alternative non-laser 
techniques for hardening. 

HPDDLs directly address all three of 
these drawbacks and are, in many ways, 
an ideal source for heat treating. In addi-
tion, the option of fibre delivery provides 
greater flexibility in implementation ver-
sus what can be achieved with CO2 lasers. 
The photograph on the left, for example, 
shows the spatial selectivity with which 

the process can be performed. 
To sum up: HPDDLs now offer an attrac-

tive alternative to other lasers and tradi-
tional techniques for a number of materials 
processing applications. Furthermore, 
their low cost-of-ownership and increas-
ingly high fibre-coupling power levels 
promise a very bright future indeed.  

Stuart Woods is director of marketing, 
materials processing, at Coherent. For more 
information, see www.coherent.com.
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laser 2009 preview
In-depth analysis of some of the products and companies that will be making 
headlines at LASER World of Photonics in Munich (15–18 June).

To kick off this preview of LASER World of 
Photonics, Joe McEntee talks to Thomas Kes-
sler, vice-president of European operations 
at Edmund Optics, about crisis management 
during the downturn and the priorities for 
the optics industry when growth returns.

what’s your take on the prospects for 
the optics market in 2009/10? 
Optical components are used in many appli-
cations, which means that vendors have the 
advantage of participating in different mar-
kets with diverse behaviours. Many aspects of 
the global optics market are down, of course, 
but others are growing. 

In the semiconductor industry, for exam-
ple, sales of optical metrology equipment, 
sensors, lasers and high-precision alignment 
systems have been badly hit by the downturn. 
The semiconductor sector may not recover in 
the short term and optics vendors along the 
food chain will inevitably suffer. The same 
effect can be seen in the automotive indus-
try, with severe overcapacities among parts 
manufacturers and their machine vendors, 
including suppliers of laser systems, sensors 
and video observation hardware.

R&D in the big national institutes and uni-
versities has not been hit as hard by the finan-
cial crisis, but even this market is expected to 
be squeezed through 2009/10. 

where are the silver linings?
Biotech is showing strong growth, especially 
in Europe, and demand for high-quality opti-
cal components is still increasing in this sec-
tor. That said, many biotech applications lack 
maturity and it remains to be seen whether 
they turn into volume markets for optical 
components. Related biomedical markets are 
also doing well and profiting from increased 
awareness and funding. 

The photovoltaics industry represents 
another big hope for optics vendors, though 
growth rates in this sector have slowed of 
late. With almost every optical player trying 
to enter the market, competitiveness on qual-
ity and efficiency will be decisive.

what are the priorities for optics 
companies as they struggle to 
navigate the downturn? 
Top-quality service and a consistent market 
approach are key to survival. Pressure on our 
customers to reduce costs is leading to reduc-
tions in inventory and working capital. This 

means that optics companies must offer bet-
ter availability of products with short lead 
times and prompt follow-up on RFQs. 

Companies are also asking their suppliers 
to revisit earlier quotations and market pric-
ing, but at the same time everyone is looking 
for reliable partners who will still be around 
when a qualified product enters the larger-
volume production stage. Consolidation is 
expected and will happen. An established 
and solid business position is therefore cru-
cial for surviving the downturn. 

Clearly the focus for tech companies 
shouldn’t just be crisis management, 
so how do optics vendors ensure that 

they are optimally positioned for the 
upturn when it arrives? 
The “innovate or die” mantra holds as true 
today as it does in better market conditions, 
but this is not the time for 10-year business 
plans. Instead the focus is on short-term suc-
cesses in product development and incre-
mental technology advances. 

Further, a well equipped inventory and 
appropriate investments in manufacturing 
can help savvy vendors to position themselves 
ahead of the competition when conditions 
improve. At Edmund Optics, for example, 
we recently acquired full ownership of Saito 
Optics in Japan, a move that increases our 
manufacturing capacity of spherical lenses 
in one of the most important optics markets. 
We are also making investments in our filter-
coating and aspherical-lens capabilities.

The current downturn is projected to 
be long and deep. what permanent 
changes will this mean for the global 
photonics industry?
Here are some headline themes. Consolida-
tion is inevitable. Spending on risky develop-
ments and basic research will be limited until 
2011. Some of the larger component makers 
are likely to be split into smaller divisions 
with tightly defined target markets. 

But even in a downturn, there are oppor-
tunities for flexible, innovative and service-
oriented companies in attractive niche 
markets. Consequently, optical components 
markets are likely to be dominated by small- 
to medium-size companies with business 
models that are not focused on satisfying 
short-term shareholder goals.

what challenges and opportunities 
does europe present for vendors? 
In my view, it’s not possible for vendors to 
address Europe as a whole from one coun-
try. A team that combines several nationali-
ties with representation in established and 
emerging economies is essential for success. 
Europe not only requires an open mind and 
cultural flexibility, but also a detailed knowl-
edge of the various laws and trading regu-
lations, even inside the EU. Edmund Optics, 
with representation in the UK, Germany, 
France and Italy, is committed to further 
expanding its service team in Europe, even 
through the current downturn. 

Edmund Optics is exhibiting its product  ●

portfolio in Hall B1, booth 519.

innovation is the secret of success

“Appropriate investments in manufacturing can help 
vendors to a position ahead of the competition when 
conditions improve,” says Thomas Kessler. 

Edmund Optics has recently added to its filter-
coating and aspherical-lens capabilities (above).
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fraunhofer smashes ultrashort power records
Engineers from the Fraunhofer Institute 
for Laser Technology (ILT) in Aachen, Ger-
many, are set to unveil a femtosecond laser 
boasting a world-beating power output of 
400 W at LASER World of Photonics. That’s 
a monumental improvement on most com-
mercial femtosecond lasers, which produce 
an average output power around the single-
watt level, while even high-end models are 
limited to the 50–100 W range.

“The Fraunhofer ILT is introducing a para-
digm shift in the design of commercial fem-
tosecond lasers,” claimed Axel Bauer, head 
of the ILT’s marketing and communications 
group. “Our laser module holds the world 
record for average output power among lasers 
with pulse durations of less than 1 ps.”

What’s more, says Bauer, the laser design 
is nowhere near as complex as existing 
high-power femtosecond lasers. “50 W fem-
tosecond lasers are regarded as high-end,” 
he explained. “Their high price and limited 
processing speeds are restricting their com-
mercial potential, and until now they have 
not been widely embraced in production.”

In contrast, the new 400 W laser module 
is based on InnoSlab technology, a diode-
pumped slab-laser design that has been 
under development at the Fraunhofer ILT for 
the past 10 years or so. InnoSlab technology 
already forms the basis of a number of indus-
trial ultrafast lasers and is known to deliver 
short pulse lengths, high repetition rates and 
good beam quality – while at the same time 
boasting an extremely simple design.

The new laser module essentially com-
prises a single laser oscillator that produces 
an output power of 1–2 W, combined with a 
single-pass amplifier that boosts power levels 

to 400 W. At full output, the laser achieves 
an optical efficiency of 50% and an almost 
diffraction-limited beam quality of M2<1.4, 
which allows a round beam to be produced 
over the entire propagation range. 

Another innovation has been to modify the 
output intensity to produce pulse energies of 
up to 100 µJ without the need for complex 
chirped-pulse amplification. "This represents 
a further breakthrough in the simplification 
of femtosecond laser systems and the costs 
they entail – a key requirement for their wide-
spread use in industrial practice," said Bauer.

Other notable metrics include pulse dura-
tions of less than 700 fs and spectral band-
widths of less than 2 nm. The design allows 
the same optics to be used as for typical 
nanosecond and picosecond lasers, which 
avoids the need for special attachments for 

time compression and so leads to improved 
performance and a simpler set-up. 

According to Bauer, the output character-
istics also make the laser ideal for nonlinear 
frequency conversion, and the team is now 
working to develop schemes for frequency 
doubling, pulse compression and high- 
harmonic generation. At the same time, efforts 
are ongoing to increase the pulse energy to 
10 mJ and above for scientific applications.

Bauer also claims that the technology 
could be pushed to even higher power levels. 
“The practical limits of the ultrashort-pulse 
laser have not yet been reached,” he said. 
“The Fraunhofer ILT is already working on 
scaling the laser to output powers of more 
than 1000 W.” 

Fraunhofer ILT is exhibiting its 400 W  ●

laser in Hall C2, booth 350.

Power play: the Fraunhofer ILT’s 400 W femtosecond laser is being lined up for materials processing.
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The new version of RP Photonics’ Fiber Power 
simulation software can help optical design-
ers to fast-track the development and optimi-
zation of fibre amplifiers and fibre lasers for a 
range of applications.

“Industrial companies, research laborato-
ries and educational institutions can all ben-
efit from the software’s ability to assess the 
impact of various detrimental effects on the 
performance of fibre lasers and amplifiers,” 
commented Rüdiger Paschotta of RP Pho-
tonics Consulting, Switzerland. “Predict-
ing the performance of active fibre devices 
– for example, by finding the optimum fibre 
length, doping concentration and refractive-
index profiles – is a key benefit.”

Version 2.0 of the package will be available 
at LASER 2009 and has several new features. 
For a start, the software is now able to account 
for radial dependencies of doping concentra-
tions and optical intensities, resulting in a 
higher precision for devices based on double-
clad fibres. The software can also simulate 
an optical pulse’s temporal evolution – for 
example, in the distortion of a pulse by gain 
saturation in a fibre amplifier.

“The result can be a reduction in time 
and expenditure for the development of new 

devices and a better understanding of the 
technical details involved,” said Paschotta.

As well as full technical support for the 
RP Fiber Power package itself, advice from 
RP Photonics on related technical issues is 
also included in the licence fee. 

“Support is not limited to details of the soft-
ware, but also covers more general consul-
tancy on relevant matters,” noted Paschotta. 
“The combination of software and support we 
offer is intended to help development projects 
achieve rapid progress.”

RP Photonics Consulting will be  ●

exhibiting in Hall B2, booth 132.

The first product in the new series of direct-
diode laser sources from TRUMPF, Germany, 
will be on show at LASER 2009. The TruDiode 
sources will ultimately replace the company’s 
lamp-pumped CW systems, and the first prod-
uct in the series is the TruDiode 3006.

“Direct-diode lasers have high beam qual-
ity, equivalent to that from lamp-pumped 
Nd:YAG lasers, even at power outputs in the 
multi-kilowatt range,” said TRUMPF spokes-
man Holger Kapp. “Therefore they are the 
beam source of choice for welding applica-
tions that are currently performed with 
lamp-pumped high-power lasers.”

The electrical efficiency of TruDiode lasers 
is claimed to be as high as 40%, far outstrip-
ping the levels possible with lamp-pumped 
laser systems. “The TruDiode 3006 on show 
at LASER features an output power of 3 kW,” 
said Kapp. “Other lasers in the family will be 
launched during 2009.”

The development of direct-diode sources 

follows other recent moves by TRUMPF to 
position itself in industrial laser markets, 
including the acquisition of UK fibre-laser 
specialist SPI Lasers in September 2008. 

Last year, the company told our sister 
website optics.org that it was committed to 
developing all varieties of laser technology 
in order to offer customers “the best laser for 
every application in materials processing”.

TRUMPF will be showing its full range of  ●

laser systems in Hall C2, booth 321.

simulation yields optimization 

will trUMpF trump its 
rivals with truDiode?

soF t ware

l ase r sys te M s

“The combination of software and support is 
intended to help projects achieve rapid progress,” 
says Rüdiger Paschotta of RP Photonics Consulting.

Yours truly: the 3 kW TruDiode 3006 will be featured 
on the TRUMPF booth at LASER.
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blue l ase rs

The new BlueMode laser from TOPTICA 
Photonics, Germany, is being billed as the 
first blue laser diode to combine high power 
output (50 mW) with a coherence length 
exceeding 25 m. The company reckons that 
its innovative design will finally offer a real-
istic alternative to gas-ion lasers for applica-
tions such as interferometry and holography 
in the blue-violet spectral range.

“We have talked to OEM customers who 
have tried to use diode technology in the past, 
but got frustrated because of the low coher-
ence,” said Anselm Deninger, product man-
ager at TOPTICA. “We will have a live system 
on show at the LASER exhibition, and we are 
excited to see how the laser will be received.” 

The BlueMode laser delivers 50 mW at 
405 nm, which has become a popular wave-
length for optical data storage applications. 
Stringent quality control is a must for these 
storage systems, and the optical elements 
are typically inspected using interferomet-
ric techniques at 405 nm. High power out-
put is essential to shorten the measurement 
time and optimize the signal-to-nose ratio, 
while a long coherence length is needed 
to achieve sufficient contrast between the 
interferometric fringes.

“The coherence length of high-power laser 
diodes in the violet spectral range has so far 
been limited to a few millimetres at most, and 
thus violet diodes have generally been con-
sidered unsatisfactory for applications such 
as interferometry,” explained Deninger. Nar-
row spectral line widths have been achieved 
with grating-stabilized lasers, but the single-
frequency output power produced by these 
lasers is typically no more than 15 mW.

The BlueMode laser has a spectral line width 

of 5 MHz, which guarantees a coherence 
length of more than 25 m. Deninger declined 
to provide details of the underlying technol-
ogy, but believes that the BlueMode laser will 
prove popular with industrial users. 

“Frequency-converted systems with a res-
onant-enhancement cavity are ideal tools for 
scientific research, but too complex and costly 
for industrial applications,” he said. “Gas-ion 
lasers are also considered too expensive, and 
too cumbersome to operate.”

One key advantage of the BlueMode laser 
is that its total power consumption is around 
10 W, compared with more than 50 W for a 
gas-ion laser. “For the user it’s a ‘hands-off’ 
system that requires no manual tweaking or 
alignment, yet offers extremely stable laser 
power and mode properties,” said Deninger.

Another important application for the 

BlueMode laser is holography, because 
405 nm has become the wavelength of 
choice for a new generation of holographic 
data-storage solutions. Nonlinear processes 
such as Raman spectroscopy and photonic 
down-conversion also require high-power 
output at 405 nm to increase the strength of 
the frequency-converted signal.

According to Deninger, the BlueMode laser 
is already attracting some serious interest 
from both the research and industrial com-
munities. A clear roadmap is also in place to 
extend the technology to other wavelengths, 
such as 375, 445 and 488 nm, depending on 
customer demand. “If there is interest in other 
wavelengths, we could transfer the technol-
ogy within a couple of months,” he said.

TOPTICA will be demonstrating the  ●

BlueMode laser in Hall B1, booth 115.

why blue-sky thinking gives tOptiCa the power  

True blue: the BlueMode laser’s total power consumption is around 10 W, versus >50 W for a gas-ion laser.
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powerlase pushes green theme

UK laser maker Powerlase will be using the 
LASER exhibition to showcase what it claims 
are “the highest-power green lasers available 
commercially”. Two products with average 
output powers of 100 and 200 W at 532 nm 
have already been released, and another 
offering with an average power level of 400 W 
is now available for pre-order. 

According to Mike Mason, vice-president 
for technology at Powerlase, the lasers were 
developed at the request of a particular cli-
ent, and one of the biggest challenges was 
to optimize the beam quality for the end 
application. “The new lasers were originally 
developed for a specific fibre-delivered appli-
cation where the beam parameters out of the 
fibre were very tricky to achieve,” Mason told 
OLE. “We needed to modify the cavity and 
optimize the fibre in-coupling to achieve the 
required output parameters.”

The diode-pumped solid-state lasers pro-
duce green light via frequency conversion 
from an infrared laser. The two existing 
products, the Starlase 100G and the Starlase 
200G, offer a repetition rate of 30–50 kHz 
and a pulse duration of 140 ns. The 200G 
is made up of two polarization-multiplexed 
100G cavities, while the prototype 400G 
laser is based on the 200G but incorporates 
larger components such as gain modules.

The two main applications for the lasers will 
be in automotive part shaping and solar-cell 
manufacture. Both applications require high 
average power and repetition rate to achieve 
fast throughput, as well as low divergence to 
ensure that the output from the fibre integrates 
correctly with customers’ machines. As well 
as solar-cell manufacture, the 400G version 
was developed for a displays application.

Mason says that the new lasers are based 
on the company’s existing AO2G green laser, 
which operates at a lower repetition rate of 
10 kHz. “We started off with an AO2G, and 
modified the cavity configuration to increase 
the repetition rate and improve the beam 
quality,” he explained. “When developing 
the cavity for green conversion, it’s always 
a challenge to get the required performance 
without damaging the components.”

As a result, a great deal of modelling was 
needed before the cavity was built to ensure 
that the laser would deliver the required per-
formance, and that the output parameters 
wouldn’t degrade over time. Rigorous per-
formance testing once the demonstration 
model was complete confirmed the long-term 
reliability of the laser design.  

Despite the demanding requirements, the 
Powerlase team was able to deliver the first 
100G prototype within five months of tak-
ing the project on. The second demonstra-
tion unit was shipped four months later, and 
a fully functioning production version was 
delivered to the customer for integration into 
a 24/7 manufacturing facility just 14 months 
after the project started. 

According to Mason, the initial response 
from customers has been very positive, with 
multiple machines already installed in solar-
cell and automotive manufacturing plants.  
“The UK is strong in photonics, but the Pow-
erlase team is particularly strong,” he said. 
“We have excellent engineers who work very 
well together under tight time pressures. We 
pride ourselves on delivering exactly what 
the customer wants, when they want it.”

Powerlase will be exhibiting the full  ●

Starlase range in Hall B1, booth 419.

MaN UFaC tUriNg

Progressions of power: green Starlase lasers will target automotive part shaping and solar-cell manufacture.
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                                              See us at LASER World of PHOTONICS, Booth 442, Hall B1,  
                                  New Munich Trade Fair Center, Munich, Germany, June 15 – 18, 2009 

       

 

Low Cost OEM Laser Diode 
Modules 
 

 Diameter 3.3mm 
 Length 7mm 
 3VDC 
 Collimated or focusable 
 635nm and 650nm 

www.lasercomponents.co.uk 

High-power red laser diodes emitting at 
660 nm have become something of a com-
modity for recordable DVD players, but this 
wavelength isn’t ideal for compact projec-
tors that require red, green and blue laser 
light sources. That’s because red light at this 
wavelength appears dark to the human eye; 
moving to a shorter wavelength increases 
the perceived brightness of the light source, 
even at the same output intensity.

As a consequence, projector manufacturers 
are keen to exploit short-wavelength red laser 
diodes for their lower power consumption and 
better safety performance. The only catch 
is that performance and reliability become 
compromised at shorter wavelengths, which 
has so far limited the use of short-wavelength 
devices for this application.

Now, however, Mitsubishi claims to have 
solved that problem. “Using technologies 
developed for high-power laser diodes in 
recordable DVDs, Mitsubishi Electric has 
developed laser diodes with stable lasing at 
638 nm,” said Alexander Mönchmeier, prod-
uct marketing engineer for semiconductor-
opto components at Mitsubishi. “The diodes 
offer high efficiency and a wide operating 
temperature range, which are important 
requirements for picoprojectors.”

Mitsubishi has optimized the diode design 
to meet the needs of the three main types of 
compact projectors. For illumination-based 
projectors the key requirement is high-power 
output, while for holographic and laser-scan-
ning systems the main priority is to combine 
good singlemode characteristics with a more 
modest power output.

The solution for illumination-based pro-
jectors, the ML5xx71 series, is a multimode 
design that produces an output power of 
300 mW at 638 nm. “A broad-stripe emitter 
[40 µm] has been designed to enable high-
output operation,” said Mönchmeier. “This 

laser diode can obtain an output power of 
300 mW under conditions where good lin-
earity is maintained even at 55 ºC.” 

In contrast, the singlemode characteristics 
needed for holographic and laser-scanning  
projectors are achieved by a ridge-type diode 
design that Mitsubishi originally developed 
for the 660 nm lasers used in recordable DVD 
equipment. “A ridge in the slow-axis direction 
gives these laser diodes a structure for trapping 
light in the basic mode,” said Mönchmeier. 
“Since this ridge-type laser diode requires 
once-only crystal growth and accommodates 
mass production, it has become a standard 
structure for DVD-R laser diodes.”

These ridge-type lasers offer good linearity 
at low output powers, but deviations set in at 
higher power levels. This so-called kink effect 
disrupts the far-field pattern in the slow-axis 
direction, and is thought to result from higher-
mode lasing caused by heat generation inside 
the laser diode. As a result, the maximum 
output from these lasers is in effect defined by 
the power level at which kink occurs. 

According to Mönchmeier, the simplest 
way to increase the kink level is to limit the 
temperature rise in the laser diode during 

operation, and that in turn can be achieved 
by using a long resonator to lower the thermal 
resistance of the diode chip. The problem here 
is that the resonator also increases the thresh-
old current, reduces the slope efficiency, and 
brings with it the side-effect of reducing the 
electricity-to-light conversion efficiency. 
Mitsubishi has therefore developed a low-loss 
waveguide structure that reduces the resist-
ance of the waveguide and compensates for 
the effects of a longer resonator length.

For the 638 nm singlemode diode, des-
ignated the ML5xx54 series,  Mitsubishi 
selected a resonator length of 1500 nm. The 
window structure is also treated with a zinc 
dispersion to avoid instantaneous optical 
damage to the edge surfaces. 

“This laser diode provides kink-free opera-
tion at an output power of 140 mW even at 
temperatures of up to 55 ºC,” said Mönch-
meier. “The far-field of this laser diode indi-
cates Gaussian patterns for both slow and fast 
axes, and the diode has excellent beam qual-
ity. These characteristics are ideal for holo-
graphic and flying-spot laser projectors.”

Mitsubishi Electric will be exhibiting in  ●

Hall B1, booth 680.

red laser diodes: Mitsubishi rewrites the rules
piCOprOJeC tOrs
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Seeing red: using technologies developed for 
recordable DVDs, Mitsubishi Electric has developed 
laser diodes with stable lasing at 638 nm. 

Kink-resistant: the singlemode version offers good 
linearity at temperatures of up to 55 °C, but then the 
kink effect leads to nonlinear behaviour.
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why Coherent is thinking small
US laser manufacturer Coherent will be 
launching the industry’s smallest CO2 laser 
capable of delivering an average output 
power of 1 kW. “The excellent beam quality, 
ease of integration, higher cutting speeds 
and cost compared with conventional lasers 
of the same performance class makes this a 
must for any integrator today,” enthused Stu-
art Woods, director of marketing for materi-
als processing at Coherent.

The Diamond E-1000 exploits a sealed 
slab-discharge design, which has become 
the technology of choice for precision cut-
ting applications. Unlike the fast-flow CO2 
lasers that are used in heavy-duty materials 
processing, the resonator in these lasers is 
filled with gas at the factory and then hard-
sealed. This avoids the need for an external 
gas supply during operation.

“More powerful lasers are available, but 
they’re much larger, more complex and more 
expensive,” said Woods. “Only slab-discharge 
technology can deliver the compact size, high 
reliability and low cost-of-ownership that are 
critical in today’s market.”

These slab-discharge lasers exploit large, 
flat electrodes inside the laser cavity to initi-
ate the gas discharge and act as heat sinks 
that remove excess heat from the CO2. The 
power output scales with the area of the slab 
electrodes, which leads to the highest power/
size ratio of any laser design. 

Until now, however, the average power 
output from a sealed CO2 laser has peaked 
at around 600 W, which is powerful enough 
for cutting plastics and organic materials, 
but not for cutting tougher materials such 
as carbon composites and metals. “Theo-
retically, it’s not difficult to get 1 kW from a 
slab-discharge laser. What’s difficult is to get 
that much power with long-term reliability, 
operational stability and attractive cost-of-
ownership,” added Woods. “Achieving this 
reliability required looking at virtually every 
component in the laser to find ways to make 
them better and cheaper.”  

One key innovation is the integration of 
the power supply into the laser head. This 
avoids the need for a cable linking the two 
that would normally carry several kilowatts 
of RF power. Removing this cable reduces the 
overall system cost, simplifies the integration 
process and eliminates a potential source of 
laser failure. Long-term reliability has also 
been improved by a new electrode design that 
includes ceramic insulators as well as a novel 

cooling geometry to reduce thermal cycling.
According to Woods, the higher power lev-

els achieved by the new laser enables higher 
throughputs for established cutting applica-
tions, while also making it possible to cut 
metals with thicknesses of up to a few milli-
metres. What’s more, the laser can cut metal 
at comparable speeds to a fast-flow CO2  laser 
operating at a much higher output power.

Such impressive cutting performance is 
largely a result of the slab-discharge config-
uration, which naturally produces a high-
quality Gaussian output with nearly all the 
laser power in the central part of the output 
beam. The nearly square-wave shaped pulses 
are also characterized by rapid rise and fall 
times, which ensures that more of the total 
pulse energy is delivered above the material 
processing threshold. 

In the Diamond E-1000, the beam quality 
has been further improved by redesigning 
the electrodes to generate a more uniform 
plasma, which in turn yields a more stable 
mode output, and by optimizing the optics to 
match the output of the resonator and to cor-
rect for its inherent asymmetry. At the same 
time, the new electrode design, combined 
with the integration of the power supply, has 
reduced the pulse rise time to just 50 µs.

“Test results indicate that the combination 
of fast rise time and improved beam quality 
enables materials to be cut at up to twice 
the speed of other 1000 W CO2 lasers,” said 
Woods. “It is now possible to construct a sin-
gle, compact machine capable of cutting both 
plastics and metals, thus offering maximum 
flexibility to end-users.”

Coherent will be showcasing the Diamond  ●

E-1000 in Hall C2, booth 365.

Mate rial s prOC e s siNg

The right profile: Coherent has redesigned the 
Diamond E-1000’s external-cavity optics to yield a 
symmetric, non-astigmatic beam that delivers well 
behaved performance in the far field. 
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All your quality laser safety equipment and
compliance services from the world leaders.
Lasermet for design, supply and install.

Products:
• Interlock systems
• Illuminated warning
signs

• Labelling
• Laser safety software
• Shutters
• Protective eyewear
• Protective curtains and
screens

• Filter windows
• Power meters
• Enclosures / cabins

Services
• UKAS accredited
testing to EN60825-1

• Training
• Consultancy
• FDA registration
• Laser protection
adviser service

• Risk assessment
• Laser safety audit
• Power meter
calibration

Tel +44 (0)1202 770740 sales@lasermet.com www.lasermet.com

Safety, innumbers
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This month OLE previews some of the innovative new products on show at 
the LASER World of Photonics exhibition in Munich (15–18 June).

CW ruby laser
KLASTECH

KLASTECH, Germany, 
will be exhibiting 
what it claims is the 
industry’s first CW 
diode-pumped solid-
state (DPSS) ruby laser. 

Dubbed the CRESCENDO, the laser utilizes the 
company’s proprietary approach for pumping the 
ruby crystal and the same DENICAFC “double-
enhanced laser technology” common to other 
lasers in the KLASTECH range. “This laser for 
the first time not only provides a ruby-based 
CW source, but also offers the first single-
frequency, ultralow-noise DPSS laser in the 
visible red region of the spectrum, opening up 
new possibilities to researchers in biophysics 
and DNA sequencing,” says KLASTECH. The 
CRESCENDO is available initially in 100 and 
150 mW versions, with plans to increase its 
power output to 500 mW in the near future. 
www.klastech.de

Diode-pumped picosecond lasers
Photonics Industries
Photonics Industries (Bohemia, NY) says that 
its RG series diode-pumped picosecond lasers 
produce over 3 mJ per pulse at 1 kHz, and over 
10 W at 10 kHz at 1064 nm with ~15 ps nominal 
pulsewidth – all while still maintaining TEM00 
mode quality in a compact, industrial-grade 
package. Higher-power versions (25 and 40 W at 
10 kHz) or higher-pulse-energy formats (5 and 
7 mJ/pulse at 1 kHz) are also available. Harmonic 
outputs such as 532, 355, 266 and 213 nm can 
be ordered as needed. According to the vendor, 
“high-pulse-energy picosecond laser pulses with 

good beam quality can competitively machine 
thicker materials or materials with feature sizes 
of ~1 mm. Such mesoscale laser processing 
with less heat-affected zones is proving in for a 
myriad of novel applications on materials such 
as metals and ceramics.” 
www.photonix.com

1064 nm pump module
3S Photonics 

3S Photonics, France, 
will use LASER 2009 to 
unveil its first product 
for non-telecoms 
applications. The 
1064 nm singlemode 

pump-laser module, the 1064 CHP, is designed 
for integration into industrial fibre-laser systems 
used in micromachining applications. Features 
include output power up to 400 mW at 850 mA 
and peak power up to 1 W; a low-profile, 
hermetically sealed 14-pin butterfly package with 
polarization-maintaining fibre pigtail; integrated 
thermoelectric cooler, thermistor and back-facet 
monitor photodiode; operating temperature range 
from –5 to +75 °C; and operating wavelength 
range from 1050–1070 nm. Users can choose 
from two options: a fibre Bragg grating version for 
wavelength stabilization and a “High PER” format 
with polarization extinction ratio exceeding 20 dB.
www.3Sphotonics.com

400 W fibre laser
GSI Group
GSI Group, UK, will be exhibiting the latest 
addition to its range of JK fibre lasers for welding 
and cutting applications. The JK400FL is a 
400 W CW source that doubles the available 

power of the JK product line while using the 
same single-resonator platform. According 
to GSI, the singlemode output fibre delivers a 
near diffraction-limited beam that is consistent 
and stable across the whole power range. At 
maximum power, wall-plug efficiency is better 
than 25%, leading to economic operation and low 
environmental impact. In-built back-reflection 
protection ensures that the laser continues to 
work even in the most demanding applications, 
without the need for a costly Faraday isolator. 
www.gsiglasers.com

High-power transmission gratings
Ibsen Photonics

Ibsen Photonics, 
Denmark, will feature 
a family of high-
power transmission 
gratings for 1064 and 
800 nm and custom 
wavelengths. Fused-
silica transmission 

gratings offer a power-handling capability that’s 
claimed to be an order of magnitude greater 
than any other grating technology, including 
conventional gold-coated reflection gratings. 
Applications include pulse compression, spectral 
beam-combining and other high-power systems. 
“Our fused-silica grating technology is perfectly 
suited to high-power applications, where users 
have been hitting the energy ceiling of grating 
types available up until now,” says product 
manager Kristian Buchwald. “Our high-power 
gratings are comprised of 100% low-OH fused 
silica, plus standard high-power dielectric AR 
[antireflection] coatings.”
www.ibsen.dk
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 long-term stable, customized  
 interference fi lters
 patterned fi lters or fi lter 

 arrays on micron to 
 centimeter scale
 direct deposition onto 

 photodiode / phototransistor / 
 CMOS wafers
 fi lter deposition onto glass 

 window caps

High Performance 
Thin-fi lm Coatings for

Optical Sensors

B e c a u s e  E x c e l l e n c e  M a t t e r s

www.mso-jena.com

For more information:
Phone: +49 (0) 36 41 / 35 29 30

E-mail: info@mso-jena.com or visit

UV optical filters
JDSU 

JDSU (Milpitas, CA) says 
that its UV optical filters 
“provide unparalleled 
UV light transmission 
– up to four times 
the transmission of 
traditional UV filters”. 

The manufacturer also claims that its products 
are more durable and stable than existing filters 
because they are made up of hard dielectric 
material with a single-substrate structure. The 
filters, available in custom designs and large 
formats of up to 200 mm, can be used for any 
application in which the harmful portion of the UV 
spectrum must be eliminated while transmitting 
the desired wavelength – for example, 
environmental monitoring, medical/aesthetic 
laser instruments, flame or gas detection, 
semiconductor lithography and genetic research.
www.jdsu.com

Quantum-cascade lasers 
Hamamatsu Photonics
Hamamatsu Photonics, UK, will introduce a 
new range of quantum-cascade DFB lasers 
for applications in next-generation IR laser 
spectroscopy systems. The L10195 series 
is available with two wavelength options as 
standard: 7.7 µm for the L10195-01 and 5.2 µm 
for the L10195-02. Each product has a typical 
output power of 15 mW. According to the vendor, 
quantum-cascade lasers are the only mid-infrared 
semiconductor lasers that can operate easily at 
room temperature utilizing peltier cooling. What’s 
more, the tunability of the emission wavelength 
enables high-resolution analysis of a variety 
of gases (e.g. CH4, N2O and H2CO) in medical 
diagnostics and security applications. 
www.sales.hamamatsu.com

Sapphire polishing, waveplates 
Precision Photonics

Precision Photonics 
Corporation (Boulder, 
CO) has completed 
the development of 
advanced polishing 

processes for sapphire and Ti:sapphire materials. 
Despite being difficult materials to polish, 
Precision has successfully manufactured plano 
surfaces of up to 2 inch diameter to λ/10 
flatness and RMS surface roughness of less than 
6 Å. As a result, Precision can provide custom 
multiple-order, true zero-order and compound 
zero-order waveplates from 266 nm to 3.5 µm. 
These components can be made in a variety of 
shapes and sizes, either stand-alone or as part of 
a more complex optical assembly. Durable, high-
energy antireflection coatings are possible using 
Precision’s ion-beam sputtering process. 
www.precisionphotonics.com
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in America:
www.cookecorp.com

maximizethemoment
pco.dimax
High Speed 
and High Resolution

Meet us at the 
Laser 2009 in Munich,
booth B2.103

www.pco.de

Highlights
• 1100 fps @ 2016 x 2016 pixel
  (4000 fps @ 1008 x 1008 pixel)
• 12 bit dynamic
• image memory up to 36 GB
• special automotive trigger
• smart battery control
• GigeE Vision & USB 2.0

DPSS lasers
InnoLight 

InnoLight will feature 
a new diode-pumped 
solid-state laser for 
scientific applications 
like optical trapping, 
high-precision metrology 

and nonlinear optics. According to the German 
manufacturer, the 1064 nm source (35 W output) 
is characterized by “outstanding low amplitude 
and frequency noise, resulting from a rugged 
monolithic non-planar ring oscillator combined 
with superior amplifier technology”. The InnoLight 
booth will also feature two new lasers for 
industrial OEM applications: a 200 mW 515 nm 
CW laser and a high-peak-power Q-switched IR 
laser (emitting around 1 µm). 
www.innolight.de

Nd:YAG laser
LOTIS TII
The LS-2147A from LOTIS TII, Belarus, is a 
compact, high-power Nd:YAG laser that consists 
of two independent modules: oscillator and power 
amplifier. According to the vendor, the design 
of the pump chambers suppresses undesired 
parasitic superluminescence oscillations that 
limit output energy. In addition, the laser has a 
built-in second harmonic and is supplied with 
external third-, fourth- and fifth-harmonics units. 
The high-energy UV output is listed as 300 mJ at 
355 nm, 200 mJ at 266 nm and 45 mJ at 213 nm.
www.lotis-tii.com

High-performance diode lasers
Omicron

Omicron, Germany, says 
that its PhoxX diode-
laser modules offer high-
stability CW operation 
as well as fast analogue 
and digital modulation 

and an electronic-shutter function. The lasers 
are available in 14 wavelength options between 
375 and 830 nm and with optical output powers 
of up to 140 mW (643 nm). Omicron claims 
that its proprietary beam-shaping optics with 
astigmatism correction ensure excellent focal 
quality, high fibre-coupling efficiency and good 
beam-pointing stability. 
www.omicron-laser.de

Optical spectroscopy
tec5
tec5, Germany, will be featuring its range of high-
performance modular electronics for operation 
of photodiode arrays and spectral sensors. The 
components are suitable for arrays manufactured 
in NMOS, CCD and InGaAs technologies and can 
be used in the UV, visible and near-IR wavelength 
ranges. In addition to OEM electronics, 
technologies developed by tec5 are also available 

as integrated spectrometer modules in compact 
housings or as complete spectrometer systems. 
Hardware components are supported by the 
application software MultiSpec Pro. In addition, 
several software development kits are offered for 
customer programming.
www.tec5.com

Violet/blue lasers
B&W Tek

The BWB series of 
thermoelectric-cooled, 
solid-state violet/blue 
lasers will be featured by 
B&W Tek (Newark, DE). 
The 405 nm singlemode 
sources operate over 

the 10–35 °C temperature range with stable 40 
and 80 mW continuous power. B&W says that 
the “excellent mode quality and low divergence 
make the lasers suitable for beam focusing as 
well as long-distance beam positioning”. The 
compact power supply can be easily integrated 
into the OEM version for applications such as 
spectroscopy, metrology, wafer inspection and 
micro-materials processing.
www.bwtek.com

Multiwavelength fibre laser
Mobius Photonics
The G1+ Laser System from Mobius Photonics 
(Santa Clara, CA) is a fibre-based light source 
configurable for 30 W IR, 18 W green and 10 W 
UV, with pulsewidths as short as 2 ns and 
repetition rates up to 1 MHz. Those specifications, 
available in a diffraction-limited beam, “open 
new opportunities for companies specializing 
in micromachining, materials processing and 
precision manufacturing”, says Mobius. Mobius 
products are based on a pulsed master-oscillator, 
fibre-power-amplifier (MOFPA) architecture.
www.mobiusphotonics.com

Frequency converters
Angewandte Physik & Elektronik

The HarmoniXX series 
of frequency converters 
for mode-locked 
ultrafast lasers will be 
featured by Angewandte 
Physik & Elektronik 

(APE), Germany. Frequency doubling, tripling and 
quadrupling are covered via a modularly structured 
system. With quick-release optics, HarmoniXX 
devices are applicable for a wide pulse duration 
range – from femtoseconds to several tens of 
picoseconds. APE claims that the new products 
are “optimized for highest conversion efficiency 
at various laser power levels as well as minimum 
pulse broadening”. An autotracker option is 
offered for use in combination with automatic, 
PC-controlled laser systems.
www.ape-berlin.com
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Fiber Laser Building Blocks

Laser Cavities
and Gain Modules

Dispersion Management

Laser Delivery Fibers

Blue & Green Lasers*

. . . all from OFS,
Specialty Photonics Division,

the company that also brings you:

• Specialty Optical Fiber

• Cables

• Assemblies

• Fiber Bragg Gratings

• and a host of capabilities
and customizations for
your optical fiber
applications

Come see us at the American Pavilion

at Laser World of Photonics,

Hall B1, Booth 547, June 15 -18.

OFS Specialty Photonics Division

Avon, CT | Somerset, NJ | Broendby, Denmark

Phone: 1 860 678 0371

www.SpecialtyPhotonics.com

*Lasers available through our parent, Furukawa Electric Company.

All-Fiber Solutions
for Lasers from OFS

LASER 
ENGINE
The iFLEX-viperTM is a reliable 
and robust laser engine for 
use in biomedical instruments 
and semiconductor metrology 
applications. Up to 5 laser lines 
are delivered simultaneously via 
a rugged singlemode laser beam 
delivery system.

Wavelengths from 405, 445,  
473, 488, 532, 561 and 640nm 
as standard.

www.point-source.com/ole

EXHIBITING AT 
LASER WORLD OF 
PHOTONICS, MUNICH, 
JUNE 15-18TH 2009 
HALL B1 BOOTH 107

Microlens arrays 
Axetris

The Axetris division 
of Leister Process 
Technologies, 
Switzerland, will 
present its portfolio of 
diffractive and refractive 

microlenses and microlens arrays at LASER 2009. 
The refractive microlenses are suitable for a range 
of applications, among them collimation of high-
power diode-laser bars for materials processing, 
diode-laser pumping and beam homogenization 
in lithography and biomedical instrumentation. 
Diffraction gratings and microlens arrays are 
ideally suited for optical beam splitting and 
shaping and fi nd applications in optical sensors, 
metrology and spectroscopy. Axetris also offers 
MEMS contract services (e.g. deposition of 
metals, etching, dicing). 
www.leister.com/axetris

Multimode pump combiners
Gooch & Housego
Gooch & Housego, UK, will launch a range of 
low-port-count, multimode pump combiners with 
a signal feed through fi bre – a format commonly 
referred to as a (2+1)×1. Fibre-laser systems 
incorporating the (2+1)×1 are becoming more 
common as diode pump powers increase. They are 
already established as the signal/pump combiner 
in high-power fi bre amplifi ers for cable TV 
distribution. The (2+1)×1 is available as standard 
at centre wavelengths of 1064 and 1550 nm, with 
both polarization-maintaining and singlemode 
feed-through fi bres. Signal performance is 
essentially wavelength-independent over the 
C-band for 1550 nm devices and over a 60 nm 
range for the 1064 nm devices. Other options are 
available upon request, including combiners with 
large-mode-area signal fi bre.
www.goochandhousego.com 

Industrial fi bre laser 
ES Technology

The es CODE is an 
ytterbium fi bre laser 
designed with a range of 
industrial applications 
in mind – marking, 
coding, thermoplastics 

welding, thin cutting, engraving and surface 
treatment. Developed by ES Technology, France, 
the laser comes in two versions: the es CODE 
300 (30 W output power) and the es CODE 100 
(10 W). According to ES, the compact scan head 
(215 × 60 × 75 mm) and lightweight design (800 g) 
make the system “a convenient tool for production-
line professionals”. Specifi cations include a 
marking fi eld of 100 × 100 mm (standard); marking 
speed of 600 characters/s (character height 
1 mm); and a spot diameter of 49 or 52 µm.
www.eslaser.com
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Looking for new gain media?

Look for 

aeroGAIN 

Yb rod fibers 

The waveguiding Ytterbium doped gain 
rod is the new alternative to laser crystals 
such as Nd:YAG, Nd:YVO4 and Nd:YLF. 
                         
- No thermal lensing
- High single pass gain
- Guidance of signal
- Guidance of pump
- High beam quality
- Straight, no coiling
- Endcaps for beam expansion
- Free space end-coupling
- Polarization maintaining
- High slope efficiency (~70 %)
- Polarization independent pump absorption
- High pump acceptance angle (NA > 0.6)
  
Contact us for more information on 
contact@crystal-fibre.com 

A part of NKT PHOTONICS A part of NKT PHOTONICS

www.crystal-fibre.com

The perfect engine for your  
CARS microscope

 The 

FEMTOWHITE 
CARS

                         
- Optimized for 800 nm range fs pumping 
- Dual peak output suitable for CARS 
- Sealed and cleanable end-facets 
- Utilization of existing Ti:Sapphire laser
- Very cost efficient  

 
Contact us for more information on 
contact@crystal-fibre.com 

...can’t I find a
cost-effective and
versatile beam
profiling system
to measure my
high-power pulsed
IR laser?

Why not
contact
Photon?

See Photon at
BFi OPTiLAS in B1.419
Laser World of Photonics

15-18 June 2009

Why oh Why...

www.photon-inc.com/IR
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Diode Laser Systems 
(205 – 3000 nm)

Ultrafast Fiber Lasers 
(480 – 2100 nm)

Germany T +49 89 858370 
USA  T +1 585.657.6663

   info@toptica.com 
   www.toptica.com

A Passion for Precision.

 Smart engineering 
 Pure performance

iBeam smart

Please stop by and see the 

new iBeam smart live at the 

LASER World of PHOTONICS, 

hall B1, booth 115.

The Ultra-Compact 
New Diode Laser

TOPTICA_smart_OLE_Jun09.indd   1 12.05.2009   11:37:06

Fluorescence filters 
DELTA

Danish manufacturer 
DELTA has expanded 
its TopPride range of 
filters for presentation 
at LASER 2009. 

“TopPride filter sets are generally aimed at 
high-end fluorescence microscopy,” says Lene 
Kloch of DELTA. “The filters all have transmission 
levels above 92% in their respective passbands, 
allowing the shortest possible excitation and the 
best signal-to-noise ratio. Typical transmission 
levels are 95–98%.” All TopPride filters are made 
as single-substrate constructions, without the 
use of coloured glass. As a result, the filters are 
claimed to demonstrate extreme durability,. 
“The upper limit of the blocking range has been 
extended from the traditional 780 nm to beyond 
950 nm,” adds Kloch. “This makes the filters 
suitable for modern camera-based microscopes.”
www.delta.dk

Dual-polarization optical hybrid 
Kylia  
Kylia, France, will unveil a package dedicated to 
OEM deployment for its dual-polarization optical 
hybrid. The hybrid extracts phase and amplitude 
from a single-polarization signal by performing 
four 90° phase-stepped interferences between 
the signal and a local oscillator. The optical hybrid 
plugs into balanced photodiodes. Kylia is now 
working on integrating the photodiodes into a 
single package, with cost, fibre management and 
reduced footprint the main targets of the project. 
www.kylia.com 

High-uniformity homogenizers
Holo/Or

Holo/Or, Israel, will 
feature its new series 
of HM5 high-uniformity 
homogenizers. The 
products, which are 

made from pure fused silica, are available in 
various diffusion angles and sizes. Popular versions 
include a 2 × 2° diffusion angle for 1064 nm and a 
1 × 1° diffusion angle for 532 nm. Other features 
include high transmission efficiency (~99%); 
high diffraction efficiency (~75%); high damage 
threshold; insensitivity to misalignment; and 
compatibility with single- and multimode lasers. 
www.holoor.com 

Temperature controller 
Wavelength Electronics
The new PTC-CH series temperature controller 
offers high-precision control and stability in 
a compact, chassis-mount package, claims 
Wavelength Electronics (Bozeman, MT). Designed 
to operate with the PLD-CH series laser-diode 
drivers, the PTC-CH supports thermoelectric and 
resistive-heater operation with all sensor types. It 

provides user-configurable temperature setpoint 
and a TTL-compatible remote disable. With 
current up to 20 A, better than 1 mV accuracy and 
temperature stability across ambient of better 
than 1.4 mK, the PTC-CH series is said to be ideal 
for applications such as electro-optical systems, 
benchtop inspection instruments and medical 
diagnostic equipment.   
www.teamwavelength.com

Benchtop fibre lasers
NKT Photonics
NKT Photonics, the result of a merger between 
Danish vendors Koheras and Crystal Fibre, is 
to introduce a new version of its AdjustiK and 
BoostiK series of fully integrated DFB fibre-laser 
benchtop systems. The optical design is based on 
the third-generation KOHERAS BasiK laser engine, 
featuring a digital control interface and power 
upgrade feature. Target markets are any R&D and 
scientific applications that require high frequency 
stability and low-noise operation. The fibre lasers 
are offered at custom specified wavelengths 
within the C- and L-bands as well as within the 
1.03–1.12 µm wavelength range. The AdjustiK 
series provides up to 200 mW of optical output 
power; the BoostiK series up to 1 W.
www.nktphotonics.com

Ultrabroadband light source
Femtolasers Produktions
The new INTEGRAL OCT light source supports 
ultrahigh-resolution optical coherence 
tomography (OCT), providing an ultrabroad 
bandwidth to reach sub-2 µm in axial resolution 
as well as ample power for ultrahigh-speed 
scanning. That’s the claim of Femtolasers 
Produktions, Austria. Applications include 3D 
imaging, spectroscopic and polarization-sensitive 
OCT, imaging of individual cells and subcellular 
structures, as well as non-destructive quality 
control. Specifications include: output power (ex 
fibre) >40 mW; centre wavelength of 800 nm; and 
bandwidth at 3 dB >150 nm.
www.femtolasers.com

Micro-optics for micro projection 
JENOPTIK Polymer Systems
JENOPTIK Polymer Systems, Germany, and 
MEMS Optical (also part of the JENOPTIK group) 
will be presenting a double-sided microlens in 
plastic that’s compatible with series production. 
A double-sided microlens array enables 
homogenization of laser sources as well as beam 
guidance in laser projection systems. The new 
product is a response to increasing demand 
for micro projectors in consumer applications 
such as laptop computers and mobile phones. 
“Injection-moulding technology allows for joining 
design mounting and alignment features as an 
integral part of the optical component to aid in 
packaging and system assembly,” says JENOPTIK.
www.jenoptik-ps.de

OLEJun09LASERPRODUCTS_p55-62.indd   60 1/6/09   12:09:53

http://www.delta.dk
http://www.teamwavelength.com
http://www.nktphotonics.com
mailto:info@toptica.com
http://www.toptica.com
http://www.kylia.com
http://www.femtolasers.com
http://www.holoor.com
http://www.jenoptik-ps.de
http://optics.org/ole


OLE • June 20 09 • o p t i c s .o r g /o l e 61

laser 2009 products

The preferred choice of R&D labs around the
world
Relay Optics free of residual aberrations

• Perfectly aligned optical heads using proprietary
alignment procedures

• CCD-Sensors individually selected, measured
and qualified
Diffraction limited collimators in damping covers
to avoid ambient light and air turbulences
Exceptional straightness and running toleran-
ces due to high stiffness, corrosion resistant
materials
Professional software including custom pro-
gramming of test sequences, complex analysis
and graph tools
Direct traceability to
international stan-
dards for

ImageMaster®
Universal

Worldwide leader in
MTF testing

Visit us at Laser Munich Booth B2.309

Hafenstrasse 35-39 . D-22880 Wedel
Phone: +49-4103-18006-0 . Fax: +49-4103-18006-20

E-mail: info@trioptics.com . www.trioptics.com

In any spectral range
UV - VIS - IR

IM Universal AZ 63 x 262:Print 29.04.2009 09:57 Seite 1

Vibration isolators  
Newport

Newport Corporation 
(Irvine, CA) will feature 
its new S-2000 Stabilizer 
series of pneumatic 
vibration isolators, billed 
as “an ideal solution for 
isolating optical tables, 

large inspection equipment, heavy machinery 
and large-area sub-floors”. The products, with 
a 2000 lb capacity per isolator, incorporate 
a patented self-centring pendulum design, 
laminar-flow damping system and precision auto-
levelling valves. The initial offering is available in 
six distinct heights ranging from 16 to 28 inch. 
Specifications include a 1 Hz vertical resonant 
frequency and a vertical isolation efficiency of 
98% at 10 Hz. Horizontal isolation begins at 2.5 Hz 
and reaches 95% efficiency at 10 Hz. 
www.newport.com/S-2000

Laser characterization system
3-EDGE

The LBC8000 Laser 
Bar Characterization 
system will be 
presented by 3-EDGE, 
Germany. Designed for 
research and industrial 
applications such as 

failure analysis and quality control, the instrument 
features automated LIV, wavelength, far-field, 
near-field and “smile” measurement of mounted 
laser-diode bars and stacks. Various driver 
options reach up to 125/220 A (CW/QCW) at 
40 µs–1 ms pulsewidths. Flexible fixtures handle 
standard mounts like CS-, microchannel-stack 
and chip-on-carrier using suitable adapters. 
Customized mounts can be designed as an 
option. The “smile” measurement determines the 
vertical deviation of emitters with respect to each 
other along a laser bar.  
www.3-edge.de 

Short-pulse fibre laser 
Fraunhofer IOF
Fraunhofer IOF, Germany, will be showcasing its 
work on ultrashort-pulse laser systems (based 
on optical-fibre amplifiers), with particular 
emphasis on the transferability of the technology 
for applications in industrial production, power 
engineering and basic research. Notable 
features of the compact laser systems include 
freely selectable pulse frequency (from kilohertz 
to megahertz) and variable pulse duration 
(from the femtosecond to picosecond range); 
high average power of 50 W (maximum) and 
pulse energy of up to 100 µJ; excellent beam 
quality; and computer-controlled operation. 
Target customers are research institutions and 
medium-sized companies. 
www.iof.fraunhofer.de

Optics fabrication
II-VI Infrared 

II-VI Infrared 
(Saxonburg, PA) will be 
presenting what it claims 
is the next dimension 
in diamond-turned 
optics fabrication: 

micromilling and microgrinding. “By incorporating 
a high-speed tool spindle into a four-axis 
diamond-turning machine, freeform designs can 
be machined with the superior figure and finish 
that diamond turning affords,” says the vendor. 
“In addition, this new capability improves the 
manufacturing efficiency and positional accuracy 
of designs that once required complicated tooling 
and assembly.” Products that can be fabricated 
with this new approach include microlens arrays, 
diffractive optics, “fly’s eye” structures, optical 
moulds and gratings.
www.iiviinfrared.com/diamond-turning

Laser-beam positioning
SCANLAB

The intellicube 10 
is the first of a new 
galvanometer-based 
scan-head series 
from SCANLAB, the 
German manufacturer 
of scan solutions for 

the deflection and positioning of laser beams 
in 3D. According to the vendor, intellicube 
10 combines the features of the successful 
SCANcube and intelliSCAN platforms, though 
with dynamic performance that “exceeds that of 
the SCANcube 10 by approximately 25%”. The 
intellicube 10 is claimed to be ideal – even with 
budgetary constraints – for applications that 
demand superior dynamics, compact designs and 
extensive status information. 
www.scanlab.de

High-power laser-diode modules
Frankfurt Laser Company

Frankfurt Laser 
Company, Germany, is 
featuring its new HEML 
series of high-power, 
temperature-stabilized 
laser-diode modules 

for machine-vision, positioning and quality-
control applications in harsh environments. The 
sources can be equipped with multimode fibre 
output (standard: 100 µm, NA = 0.22, SMA905 
connector; others on request). Specifications 
include stable power output (<1%) and 
wavelength (<0.5 nm) over the wide temperature 
band (0–40 °C), plus exceptional pointing 
stability and alignment. Modules are supplied 
with high-power laser diodes up to 3 W or green 
diode-pumped solid-state lasers up to 200 mW. 
www.frlaserco.com
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One bright company
www.cambridgetechnology.com

Cambridge Technology and 
General Scanning, the market 
and technology leaders in optical 
scanning, have joined to bring 
you the best in optical scanning 
solutions. From components to 
application-specific scan heads, 
our combined company offers you 
unsurpassed scanning technology 
and the most extensive portfolio 
of analogue and digital scanning 
solutions available worldwide. Visit 
us at LASER, Hall C2, booth 340.

Cambridge Technology
25 Hartwell Avenue, Lexington
MA 02421, USA
Tel +1 781 541 1600
E-mail scanners@camtech.com

Hard clad silica and silica-silica fibres
www.fiberguide.com

Large core multimode hard clad 
silica N.A. of 0.39 and hard clad 
silica-silica N.A. of 0.22.

High concentricity/core-to-clad ••
ratio for excellent connection 
alignment, fibre core positioning 
and high transmission bundles.

Increased fibre strength and ••
reduced static fatigue in humid 
environments protects fibre during 
buffer stripping to prevent fibre 
breakage.

Robust bonding to prevent ••
pistoning provides more stable 
crimp-and-cleave/epoxy 
terminations.

Fiberguide Industries Inc
1 Bay Street, Stirling
NJ 07980-1529, USA
Tel +1 908 647 6601
E-mail info@fiberguide.com

PLUTO phase only SLM
www.holoeye.com

HOLOEYE Photonics AG
Albert-Einstein-Strasse 14
12489 Berlin, Germany
Tel +49 (0)30 6392 3660
E-mail contact@holoeye.com

The PLUTO phase only spatial light 
modulators (8.0 µm pixel pitch, 
60 Hz) are based on reflective LCOS 
microdisplays with 1920 × 1080 
pixel resolution and provide a pure 
phase shift of 2 Pi up to 1550 nm. 
The PLUTO devices are packaged 
in a compact housing (dimensions: 
121 × 73 × 22 mm) to ensure an easy 
integration into optical setups and 
applications. HOLOEYE offers three 
versions optimized for the following 
wavelength ranges:  
PLUTO-VIS: 420–850 nm,  
PLUTO-NIR: 850–1100 nm,  
PLUTO-TELCO: 1550 nm.

Universe Kogaku’s mini UV quartz lens
www.ukaoptics.com

Universe Kogaku announces a 
unique new miniature UV quartz 
lens. Unlike anything else on the 
market, this lens features 9.0 mm 
focal length with an F/number of 
2.8. More importantly, this lens is 
packaged in the popular M12 ×0.5 
pitch threaded barrel. The lens is 
designed to image up to a ½ inch 
format sensor with 100 lp/mm  
centre resolution, with full 
transmission down to 260 nm. 
M13 ×0.5 filter threads are 
provided to mount user-supplied 
bandpass filters. Visit www.
ukaoptics.com for details.

Universe Kogaku America
Tel +1 516 624 2444
E-mail info@ukaoptics.com  

Ultra stable, high resolution beam steering
www.madcitylabs.com/nanomtaseries.html

The Nano-MTA Series are 
high speed, tip/tilt piezo 
nanopositioning systems. With 
ultrahigh stability over long time 
periods and nanoradian resolution 
they are ideal for exacting 
beam steering and scanning 
applications. Available in invar or 
aluminium with up to 5 mrad per 
axis and step responses of 2 ms 
under closed loop control. The 
Nano-DriveTM85 controller enables 
the highest possible performance 
specifications and is LabView 
compatible. Visit us at LASER, 
stand B1.152.

Mad City Labs Inc
Tel +1 608 298 0855
E-mail sales@madcitylabs.com

High speed, high power laser driver
www.luceotec.com

The DC450M three-section 
laser driver offers high current 
at high data rates for driving 
high-power lasers. The system 
can be configured to drive lasers 
with up to three independent 
sections, with each section 
adjustable in terms of bias and 
modulation current. Up to 1.5 A 
laser combined current under 
modulation is specified, at data 
rates from DC to 450 Mbit/s. By 
mixing input signals, multiple 
logical current levels can be 
supported, with pulse widths down 
to 2 ns.

Luceo Technologies GmbH
Am Borsigturm 13
13507 Berlin, Germany
Tel +49 (0)30 814 512 4000
E-mail sales@luceotec.com
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Low cost telecentric lens series 
www.silloptics.de

Sill Optics has developed a new 
lens series that, apart from good 
optical performance, also offers 
an excellent price–performance 
ratio. Initially, this series will 
consist of four lenses with the 
standard reproduction scales of 
0.2, 0.25, 0.33 and 0.5×. The 
lenses feature a uniform working 
distance of 89 mm. The overall 
length is also identical to ensure 
compatibility of the lenses. With 
a distortion of less than 0.25% 
and a NA of more than 0.012 
these lenses are suitable for many 
standard applications.

LED excitation – intense and modular
www.coolled.com

CoolLED is a specialist LED 
manufacturer providing the most 
intense, stable and controllable 
LED excitation sources and 
systems. Active cooling of 
the LEDs achieves excellent 
stability and thousands of hours’ 
operation with little degradation 
in performance. Modular 
configurations are available to suit 
specific needs. An ever-increasing 
choice of wavelengths is available. 
Benefits include automation under 
control software and microsecond 
switching. Custom design facility 
is available.

RSoft’s LaserMOD and tapered laser utility
http://rsoftdesign.com

LaserMOD is a photonic design 
software for simulating optical, 
electronic and thermal properties 
of semiconductor lasers and 
active devices. Its versatile 
GUI contains material libraries, 
examples, online help, custom 
plot generation, visualization 
utilities and a simulation engine 
with advanced physical modelling 
capabilities. Recently added 
features include a tapered laser 
utility that relies on another of 
RSoft’s tools, BeamPROP, to 
provide a full 3D simulation of 
tapered laser diodes.

Brilliant light dazzling performance
www.alphabright.com

AlphaBright broadband QTH light 
source provides intense light in 
the VIS-NIR (400–2100 nm) region 
for clearer experimental results. 
AlphaBright’s patented design 
allows more light from the bulb 
to enter the fibre optic cable, so 
improving light throughput and 
signal-to-noise ratio. AlphaBright is 
also the perfect choice for use with 
ND or bandpass filters as they can 
be inserted without distorting the 
optical path. 

Upgrade your QTH light source to an 
AlphaBright now!

HASO3 precision wavefront sensors
www.imagine-optic.com

The HASO3 family of high-
precision Shack-Hartmann 
wavefront sensors, delivered 
with HASOv3 wavefront analysis 
software, are the perfect solution 
for applications where accuracy 
and versatility are a must. From 
beam characterization to optical 
alignment, HASO enables you 
to work quickly, efficiently and 
confidently. From NIR to XEUV and 
everything inbetween, up to λ/100 
accuracy and spatial resolutions 
ranging from 1280 to over 16 000 
measurement points, there’s a 
HASO to meet your needs.

SafeInspec handheld Raman analysers
www.bayspec.com

BaySpec’s SafeInspec handheld 
Raman analysers deliver high 
sensitivity and repeatability 
in an affordable, ruggedized 
battery-operated size. Previous 
generations of Raman analysers 
were limited to lab instruments 
or costly units that struggled with 
repeatability. BaySpec’s third 
generation SafeInspec delivers 
highly repeatable results in a sleek 
handheld package. A convenient 
Windows handheld PC is included 
for qualitative and quantitative 
measurements. No calibration 
required.

advertisement

Sill Optics GmbH & Co. KG
Johann-Höllfritsch-Strasse 13
DE-90530 Wendelstein, Germany
Tel +49 (0)9129 902 316
E-mail info@silloptics.de

CoolLED
CIL House, Charlton Road 
Andover, SP10 3JL, UK
Tel +44 (0)1264 320 989
E-mail jim.beacher@coolled.com

RSoft Design Group
Tel +1 914 923 2164
E-mail info@rsoftdesign.com

AlphaBright
East Sussex Enterprise Hub 
Minster House, York Road 
Eastbourne, East Sussex   
BN21 4ST UK
Tel +44 (0)870 432 6750
E-mail info@alphabright.com

Imagine Optic
18 rue Charles de Gaulle  
91400 Orsay, France
Tel +33 (0)1 64 86 15 60
E-mail  
contact@imagine-optic.com

BaySpec
101 Hammond Avenue, Fremont  
CA 94539, USA
Tel +1 510 661 2008
E-mail info@bayspec.com 
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UV-visible-NIR spectra with the QDI 2010
www.microspectra.com

Obtain UV-visible-NIR spectra 
and images of microscopic 
samples with the QDI 2010 
microspectrophotometer. The 
QDI 2010 is capable of measuring 
the absorbance, reflectance, 
fluorescence, emission and 
polarization spectra of even 
sub-micron samples rapidly and 
accurately. The QDI 2010 can also 
be used to acquire high-resolution 
images of those same microscopic 
samples from the deep UV through 
to the NIR. Each system is backed 
by CRAIC Technologies’ cutting 
edge technical service support.

The Universal advantage
www.co2laser.com

Universal Laser Systems designs 
and manufactures RoHS-
compliant air- and water-cooled 
CO2 lasers from 10 to 150 W for 
fully integrated laser systems. 
Universal’s lasers feature a low-
profile mounting plate to simplify 
integration, deliver a long operating 
life, and are maintenance free 
and completely self-contained. 
With patented Free-Space Slab 
Technology (US Patent no. 
5,894,493), Universal’s lasers 
provide reliable operation and high 
beam quality in a compact package 
without optical enhancement. 

Portable Raman for $9995
www.enwaveopt.com

Announcing the new low-cost 
EZRaman-xB portable Raman 
analyser. It features 785 nm 
frequency stabilized laser, 
spectral coverage from 250 to 
2000 cm–1 and spectral resolution 
of 10 cm–1 (6 cm–1 resolution, 
250–2350 cm–1 optional). The 
RamanReader software enables 
users to monitor chemical 
reactions in real time, to search 
more than 10 000 spectra from 
well known commercial Raman 
databases and to manage/build 
their own libraries. 

Non-magnetic – now standard
www.owis.eu

OWIS now offers most of its 
opto-mechanical components and 
manual stages in a non-magnetic 
version as standard. Exclusively, 
materials with a permeability of 
µr < 1.01 are used. Light beam 
can be guided to an experiment 
or important components can be 
positioned without influencing the 
existing magnetic field. Magnetic 
and non-magnetic versions 
have all the same dimensions. 
Therefore, magnetic versions 
can be replaced easily by non-
magnetic ones without time-
consuming modifications.

CRAIC Technologies
948 North Amelia Avenue  
San Dimas, CA 91773, USA
Tel +1 310 573 8180
E-mail sales@microspectra.com

Universal Laser Systems
7845 East Paradise Lane
Scottsdale, AZ 85260, US
Tel (toll-free) +1 800 859 7033
Tel (local) +1 480 483 1214
Email moreinfo@ulsinc.com

Enwave Optronics Inc.
18271 McDurmott Street  
Suite A-1, Irvine, CA 92614, USA
Tel +1 949 955 0258
E-mail info@enwaveopt.com

OWIS
Tel +49 7633 95 04 0
E-mail sales@owis.eu

Holographic wire grid IR polarizers
www.specac.com

Specac offers holographic wire 
grid polarizers for use in the 
2–30 µm spectral range. These are 
provided on BaF2, CaF2, Ge, KRS-5 
and ZnSe substrates in a range 
of categories to meet a broad 
scope of customer requirements. 
Common uses include polarization 
of radiation for unpolarized 
sources, attenuation of radiation 
from polarized sources, and 
acting as polarizing beamsplitters. 
Further applications include IR 
spectroscopy of materials and 
NIR/mid-IR thermal imaging.

Specac Ltd
Tel +44 (0) 1689 892902
E-mail sales@specac.com

SPI Lasers power and control 25–400 W
www.spilasers.com

SPI Lasers has doubled its 
capabilities for its latest products, 
the 25–200 W air-cooled and 
100–400 W water-cooled fiber 
lasers, representing the most 
advanced high power fiber lasers 
on the market. New features on 
the R4 laser platform include XPR 
(extended performance range), 
PSE (pulse shape equalization), 
improved modulation depth and 
performance of up to 100 kHz, and 
the choice of single-mode or multi-
mode output beam configurations 
on the flagship 400 W system.

SPI Lasers
6 Wellington Park, Hedge End
Southampton SO30 2QU, UK
Tel +44 (0)1489 774 515
E-mail pr@spilasers.com
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back chat

Bob Breault is president of Breault 
Research Organization (BRO), a Tucson, 
Arizona-based company that special-
izes in optical design software. Alongside 
the day job, he also heads up the Arizona 
Optics Industry Association (AOIA), an 
umbrella group that supports more than 
300 optics-related companies in the Ari-
zona photonics cluster. In the past dec-
ade, the cluster has grown tenfold, with 
member companies generating $2.3 bn 
(€1.7 bn) in aggregate revenues in 2006 
and employing some 25 000 people. 

Using the AOIA model as his template, 
Breault has helped to create more than 30 
optics clusters worldwide and is now spear-
heading a scheme to create 100 new com-
panies in Arizona in the next 18 months. 

how do clusters benefit the optics 
business community?
Optics is still very much an emerging 
technology, with many small companies 
employing between five and ten people. 
This is why networking and partnerships 
are critical. Pulling together the busi-
nesses, financial and educational systems 
in a cluster can help to accelerate growth. 
For example, if your business doesn’t have 
enough people to solve a problem, a clus-
ter connection can put you in touch with 
someone who can. 

What’s more, because optics is a young 
industry, there aren’t enough dedicated 
teaching facilities to create the required 
pool of researchers and specialist employ-
ees for industry. While centres like the 
College of Optical Sciences in Arizona are 
certainly helping (see Optics Careers Sum-
mer 2009 p4), the process is still too slow 
to keep pace with the rapid development of 
optics technology. We need to network and 
that’s where clusters come into their own.

how can the cluster framework 
transform small- and medium-sized 
businesses into big companies?
Consider the semiconductor industry in the 
1960s and 1970s. There were a lot of small 
companies that have since grown through 
partnership, mergers and acquisitions and 
linkages into the billion-dollar companies 

that we see today – the likes of Motorola 
and Intel. In my view, this is the future of 
the optics industry. Here in Arizona, five 
of the seven largest optics companies have 
been bought or gone through mergers 
over the last 10 years. I suspect in another 
10 years, many optics companies will be 
pushing the $500 m revenue mark. 

Where does the initiative need to 
come from in the cluster model?
Businesses are the driving force that 
generates the money. They support the 
government, the education system and 
the research and should take a leader-
ship role. University or government-led 
organizations are susceptible to changes 
in administrations and don’t worry about 
the impact on the optics industry in par-
ticular. Business people have the greatest 
self-interest. If I run a 44-person company, 
I need to focus on day-to-day activities. 
When the economy heads south, I have to 
react. My livelihood depends on it.

Presumably other stakeholders 
have a role to play as well?
At a headline level, each country has its 
own unique speciality in optics, and so 
governments need to lower the restric-
tions on international trading if we are to 
maximize growth opportunities. Universi-
ties also need to do a better job of transfer-
ring technology, while legislators need to 
get up to speed and understand where and 
how fast optics is moving. Finally, we need 
to market our businesses more aggres-

sively so that other industries understand 
that optics has a fundamental role to play 
in applications as diverse as automotive, 
medicine and renewable energy.

You’ve been instrumental in getting 
optics clusters working together. 
What are the benefits of such 
cluster–cluster interactions?
There is a term in the cluster community 
that’s called “co-opetition” – i.e. under-
standing that businesses can still compete 
while working together on issues like reg-
ulation and education. I saw the benefits 
at a local level and took this concept to 
other countries. Every cluster has applied 
its own background and culture and we 
have learned from each other. We’ve done 
this with Canada, Malaysia, South Korea, 
Mexico and Germany. As a result, billions 
of dollars have been generated in these 
regions over the last four years.

Equally, big and small optics companies 
can benefit by having access to a wider 
network of specialists. It’s simple enough: 
each country has its own area of expertise 
and can provide a solution to your problem 
that would otherwise take months to solve. 
A quick phone call to cluster leaders any-
where in the world can potentially get you 
an answer within 24 hours. 

how do you measure success and 
what is your ultimate goal?
The greatest achievement of the cluster 
model is growth in jobs and in the number 
of optics companies. Arizona went from 
2300 to 25 000 optics employees in 10 
years and the number of optics companies 
has risen to 309 from 200 in the last five 
years. We need to watch not only what’s 
happening within the industry, but also 
the impact that this has on the region. This 
includes the effects of revenue and average 
salary on the local economy and regional 
growth per capita. Finally, it is important 
to establish positive relationships between 
companies. You want to make sure that 
everybody benefits when you do this.

For more information about BRO and AOIA, 
visit www.breault.com and www.aoia.org.

Networking between universities, start-ups and established industry vendors is a key driver of growth 
within the optics industry. bob breault tells OLE about the wide-ranging benefits of optics clusters.

In optics, the whole is greater 
than the sum of the parts

“The greatest achievement of the cluster model 
is growth in jobs and in the number of optics 
companies,” says Bob Breault.
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FASTER DYNAMICS FOR FLUORESCENCE
NEW

Higher Power, Faster Results

Our new higher power solid-state lasers are the perfect match for live cell, spinning disk, and TIRF imaging, cytometry 

and other fluorescence-based applications that rely on fast dynamics of fluorophores. The power adjustment feature 

allows users to perform a range of applications (standard imaging to photobleaching), with a single laser. Diode 

laser based technologies, including 488 nm, have direct modulation capability and a “true off” mode for reduced 

system cost and footprint. All lasers operate with common control commands for easy integration.

Higher Powers: Faster scanning, real-time results

Direct Modulation:  Smaller footprint, reduced parts, and reduced cost

• Up to 75 mW of 561 nm

• Up to 50 mW of 488 nm

• Up to 100 mW of 405 nm

• Up to 125 mW of 640–660 nm
  

How can we help make your system faster?

Lasers | Lenses | Mirrors | Assemblies | Windows | Shutters | Waveplates | Mounts

cvimellesgriot.com | Europe +31 (0)316 333041 | Americas +1 760 438 2131 | Asia +81 3 3407 3614

Visit us atLaser World of PhotonicsMunich, GermanyJune 15-18, 2009B1.403
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