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University/Industry Project Creates Novel Spectroméer

Introducing MMULS:

Multifunction, Multidimensional
Ultrafast Laser Spectrometer

In the late 1990’s Swinburne Univer-
sity of Technology in Melbourne
made a decision to increase funding
significantly as a contribution to sci-
entific research in Australia. Among
the selected areas for focus, it chosq
to establish a major optics and laser
centre. Swinburne recruited a trio off
experienced scientists with out-
standing research credentials, Profe
sors Peter Hannaford, David Booth
and Min Gu, who proceeded to build

impressive research teams. This artit

cle concerns the ultrafast laser spec
troscopy group in the Centre for
Atom Optics and Ultrafast Spectros-
copy led by Peter Hannaford.

Peter Hannaford saw the potential fg
using tunable femtosecond lasers to
study molecular dynamics in com-
plex systems and acquired an ad-
vanced femto and pico regenerative
amplifier system with two OPAs. He
also recruited Dr Lap Van Dao, from
the University of New South Wales,
who had been working with similar
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systems in Germany for over a ded
ade. Together with the other mem-
bers of the team they constructed
complex pump probe style experi-
ments which evolved into four-
wave mixing, transient grating and
multiple-pulse photon echo meas-
urements.

After the initial spurt of funds, the
group, being new, found it difficult
to attract major grants in the early
years. But every difficulty creates
an opportunity. The difficulty in
this case was how to acquire three
spectrometers with CCD detectors
for multi-beam experiments with-
out spending money, and the op-
portunity this presented was the
chance for Lastek to sign a collabo
rative research agreement with
Swinburne University.

Lastek's R & D arm, Lastek Labo-
ratories, led by Dr. Mark Aizen-
gendler, analysed the needs at
Swinburne and developed a dual
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array CCD detector to enable a sin
gle spectrometer to sample two
beams. Lastek supplied Swinburng
with two spectrometers, three CCD
detector channels, control and ac-
quisition software and accelerated
the next phase of the project.

Dr Lap Van Dao, (pictured above,
now a Professorial Fellow) rapidly
evolved the experimental platform
and in 2005 suggested to Lastek

that the system was working so we|
and was so versatile that it may be
worth considering commercializing
the system. A quick market study

showed that though there are thou
sands of groups world wide using

femtosecond lasers, there is a deaf

of integrated systems to support
such studies. The one or two on th
market were much less versatile af
were much more expensive than th
systems developed at Swinburne
University. So Lastek agreed to
support the commercializing of the

umbram proicit.

ram

Yk

1%

d

spectrometer system, with delay
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Toptica Photonics: A Passion for Precision

Toptica Photonics (Munich,
Germany) offer tunable di-
ode lasers and femtosecond
fibre lasers. Their systems
are available in a very wide
range of wavelengths and
configurations. Toptica have
recently announced perform-
ance improvements across
much of their product range,
with higher output powers,
more wavelength choices and
greater options. These in-
clude:

- TA-FHG 110: all-diode
based laser with wavelength
spectrum between 205nm
and 280nm. Maximum out-
put power 15mW at 243nm.
- iBeamand iPulsediode
lasers with higher output
power at 375nm: now avail-
able with up to 18mWw.

- Increased output powers
from Tapered Amplifier sys-
tems: up to 500mW for se-
lected chips between 658nm
and 673nm.

- Femtosecond Fibre Laser
now with up to 250mW out-
put, and phase-compensated
tunable supercontinuum gen-
eration.

Demonstrating the lengths Toptica will go to for Awstralia:
Dr Thomas Renner, Toptica’s VicePresident at the Bazil-Australia
game at the World Cup last month.

Toptica appoint new global sales manager

Dr. Jurgen Stuhler will take up the
position of international sales man-
ager on August 1st 2006. Jirrgen is
currently senior scientist and atom
optics group leader at the Univer-
sity of Stuttgart. His vast experi-
ence covers tunable diode lasers,
frequency conversion and various
applications in quantum and atom
optics like atom cooling and trap-
ping, Bose-Einstein condensation,
atom interferometry, spectroscopy
and metrology. He is a well known
member of the international scien-
tific community and has also spent
two years at the LENS institute in
Florence/ltaly.

Toptica’'s new laser_dfTunehas
been released, offering tunability
and single-frequency operation in a
compact stable industrial package.
Based on near-infrared DFB diode
laser technology, the dfTunepro-
vides a diffraction-limited beam
profile, single-frequency emission
(linewidth < 5 MHz), and wide con-
tinuous wavelength tuning (up to 4
nm) in a highly compact footprint
(smallest version 58 x 44 x 30
mm3). Changing the laser diode
temperature

allows for mode-hop free fre- power levels up to 150 mW at
quency tuning up to 1400 GHz. selected wavelengths. Pictured
Simultaneously, the laser can be below.

rapidly scanned by modulating

the driver current via an external

connector port. Depending on the

experimental requirements, beam

shaping (elliptical or circular

beam), optical isolation and even

fibre delivery can be integrated

into the laser head. The laser

module is available within the

complete spectral range from 760

nm to 2800 nm, with output
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Linewidth measurement of a DL-
DFB laser without (black curve)
and with (red curve) electronic
feedback. Active locking with a
PID 100 to a narrow transmission
peak of a Fabry-Perot cavity (FPI
100) reduces the linewidth to < 100
kHz. (The FWHM of the curve
equals two times the laser
linewidth)
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Distributed Feed-Back (DFB) Laser Systems

TOPTICA's Distributed Feed-Back
(DFB) laser systems have opened
new possibilities in a variety of
applications. Customers in the field
of gas analysis, atomic physics and
Terahertz researchalike have
come to appreciate the advantages
of the latest DFB technology: huge
tuning ranges of several 100 GHz,
continuous mode-hop free opera-
tion and a footprint that is compact,
robust and insensitive to mechani-
cal vibrations.

TOPTICA has been proud to offer
DFB laser diodes within the entire
wavelength range between 760 ang
2800 nm, but have recently an-
nounced some key improvements
from recent R&D development.

Higher power is available at sev-
eral important wavelengths:

- DFBs at 760 nm now achieve 40
mW output. This wavelength
matches the absorption lines of
molecular oxygen and plays an
important role in combustion moni-
toring and gas sensing.

- Toptica also offers DFBs at 1368
nm (10 mw) from stock. These
diodes can be tuned to strong reso-
nance transitions of water vapor.

- DFB lasers at 895 nm — the Ce-
sium D1 line — have been upgraded
to 40 mWw.

Researchers in the field of Tera-
hertz applicatioshave successfully
worked with our high-power

DFB lasers at 852 nm and 860 nm
(150 mW). These wavelengths are
now complemented by equally
bright DFBs emitting at 855 nm.
The range of accessible THz fre-
guencies, generated by difference
frequency mixing, is thus signifi-
cantly broadened.

Should your application require
yet more power, upgrading the
experiment with the

BoosTA amplifier is an excellent
option. The output of one, or even
two DL-DFB lasers can be
pushed to the Watt level with
these tapered semiconductor am-
plifiers. Two-colour amplification
with a single BoosTA is a particu-
larly attractive option for efficient
THz generation.

The short-terninewidth of DFB
lasers is in the range of 2-4 MHz
and thus broader than that of ex-
ternal-cavity laser systems. While
this is commonly regarded as a
drawback of DFBs with respect to
atomic physics applications, Top-
tica has dedicated intensive re-
search activities to the linewidth
properties of DFB diodes, and are
proud to announce that at selecteq
wavelengths, they are now able to
narrow the DFB linewidth to be-
low 100 kHz. At 852 nm, for in-
stance, this is achieved by
electronic feedback, taking advan-
tage of the properties of Toptica’s
proprietary DFBMOD circuit
board.

Whilst a narrow linewidth is rele-
vant for scientific research, OEM
customers request a laser with
hands-off operation and full com-
puter control. These demands hay
been met with Toptica'dfBeam
laser module (see page 2). The
dfBeamis ideally suited to de-
manding measurement tasks in
interferometry or Raman spectros-
copy. The module has been suc-
cessfully tested by customers
and has proven a frequency stabil]
ity of better than 0.01 cm(350
MHz) over a 15 hr measurement
period, along with excellent power
stability.

(1]
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Introducing Ames Photonics MMULS:
Multifunction Multidimensional
Ultrafast Laser Spectrometer

Over the past three decades a va|
ety of detection techniques have
been used to probe the ultrafast
dynamics of complex molecular
and semiconductor systems. The
techniques include absorption,
fluorescence, multiphoton ionisa-
tion, photoelectron detection, four
wave mixing, stimulated Raman
and photon echo.

Very recently there has been mug
interest in developing multidimen
sional femtosecond laser tech-
nigues similar to those success-
fully used in NMR to study ul-
trafast dynamical processes. The
include non-linear multiple-pulse
coherent techniques which probe
correlations between the electric
fields generated in the phase-
matching directions by the differ-
ent laser pulses and allow detaile
spectroscopic information to be
obtained in the presence of inho-
mogeneous broadening.

Spreading the information over
more than one dimension, for ex-
ample, by using several pulses
with independently controllable
time delays, helps to unravel and
extract the complex dynamical ar
spectroscopic information, such g
relaxation rates of the level popu-
lations, dephasing rates or inho-

mogeneous broadening of the opti

cal transition. Suitable selection g
the wavelengths and polarization
of the laser pulses allows differen
sets of energy levels to be selects
and the dynamics in the ground
and excited states to be separate
and investigated.

The multidimensional non-linear
spectroscopic techniques sup-
ported by MMULS open up new
opportunities to explore the dy-
namics of complex systems that

h
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are not possible or very limited with
traditional time-resolved spectro-
scopic techniques with single pump
laser pulses.

KEY FEATURES

 Simultaneous whole spectrum
sampling in 4 channels

 Dual delay lines, +/-1 ns delay, 1
fs resolution

* For use with MHz oscillators &
kHz regenerative lasers

« Fully integrated, working solu-
tion with proven software

» Multifunctional platform for

ceultrafast laser spectroscopy

» Multiple or single pump probe

* White light continuum probe
option

« Spectrally resolved photon ech-
oes

« Four-wave mixing

« Laser induced transient grating
* Anisotropy spectroscopy

* In situ FROG measurements for
pulse characterization using
optical Kerr effect

Three laser pulses generate third (of

higher) order polarization and result
in spatially distributed electric fields
generated in various phase-matchin
directions, as shown in the picture

above. From this data, detailed speq

troscopic information can be ex-
tracted.

ELS Thin Disk lasers
outperform Verdi for
pumping Ti:S lasers

Many of our customers have aske
how the ELS MonoDisk 515 Thin
disk laser (cw, 10W+ @515nm)
performs when pumping a Ti:S
oscillator, compared to the Coher-
ent Verdi. In a recent 3 month
trial, a Verdi 10 W and a Mono-
Disk 10 W were trialled side-by-
side in pumping a commercially
available Ti:S oscillator from
Femtolaser.

The work was performed at the
University of Sydney by Dr. Alex-
ander Fuerbach, using a Femto-
lasers Femtosource XL Ti:S laser,
which can operate either at
75MHz rep rate or at 10 MHz rep
rate. Results were as follows:
Absorption:

At a pump level of 5 W the pump
power of the MonoDisk 515-10
was better absorbed. For a crystal
of 6mm length, the absorption wag
93% for the MonoDisk and 90%
for the Verdi. For a crystal with
3mm length the absorption was
84% for the MonoDisk and 81%
for the Verdi. With the pump
power at 5W the Ti:Sa-oscillator
produced about 10 % more power
when pumped with the MonoDisk
515-10. This shows that, as ex-
pected, the 515nm wavelength is
better suited to pump Ti:Sa-lasers
than 532 nm.

Output power:

The power levels out of the Ti:Sa-
laser with 10 fs pulsewidth were
510 mW for the Verdi and 560
mW for the MonoDisk, or about
10 % more power.

Stability:

The results were practically identi-|
cal for both pump lasers.

Beam profile:

Identical for both pump lasers.

In short, this test went very well. It
demonstrated that the ELS Mono-
Disk thin disk laser is not only a
more than adequate alternative to
traditional cw green DPSS
Nd:YAG lasers for pumping Ti:S
lasers, but in some respects it
even outperforms the Verdi.
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Fast Vision:
The Future of Smart
Cameras

FastVision produces high speed
CMOS sensor based smart camerd
which have both a full-speed cam-
era link interface as well as a
USB2.0 output option. The USB2.0
option allows the user to store the
full rate image data in the camera if
a circular buffer for event detection

The FastCamera Series of camerag
and systems are the initial realiza-
tions of the concept of high-speed
mega pixel digital camera systems,
based on CMOS imagers. These
cameras have a high-speed, scal-
able, integrated FPGA and memory
subsystem which enables stand-
alone high speed in-camera image
processing. When integrated with a
high powered framegrabber/
coprocessor board, or a host subsy
tem, the resulting system capabili-
ties can be expanded according to
the compute needs of the user. In
addition, this subsystem can be intg
grated with the newest disk technol
ogy to allow sustained real-time
data acquisition to hard disk.

The FastCameral3 (above) is a
high-speed megapixel digital cam-
era system, based on a CMOS
imager with a global electronic
shutter. This camera has a high-
speed, scaleable, integrated FPGA
and memory subsystem which en-
ables stand-alone high speed in-
camera image processing. The
USB2.0 version allows the full rate,

eventual downloading.

capture of events in the camera fof

S,

0 industrial processing and laser beam

b
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New Camera Technologies from Lastek:
Faster, smarter and smaller

Sensors Unlimited:
InGaAs NIR MiniCamera

This MiniCamera with a 320x240
pixel imager is the most popular
camera in the Sensors Unlimited
camera line. Capable of imaging
from 0.9 um to 1.7 um in daylight or
typical indoor room lighting condi-
tions, it has proven very effective for

analysis. It features simultaneous
analog video and 12-bit digital video
outputs.

Features:

High sensitivity in the near in-
frared spectrum (900 nm to 1700
nm)

Compact size
Low power < 1.6 W
All solid-state InGaAs imager

Digital & composite video out-
puts

Programmable exposure times

Room temperature operation
Accepts standard C-mount lenses

Applications:
Laser Beam Profiling
Semiconductor Inspection

Assembly & Monitoring of Op-
tical Switches

Inspection of Fiberoptic Compo-
nents

Free Space Communications

Honey,
We shrunk the

CO2 laser!

Access Lasers:
CO2 lasers for the
information age

Lastek is pleased to announce the
availability in Australia of Acesss
Lasers innovative Glaser sys-
tems. Formed by a group of engi-
neers formally with Synrad, Accesq
offer a wide range of customizable
options to suit every application.
Specialising in miniaturized, stabi-
lized CQ laser designs, Access
Lasers open up new possibilities
for this versatile workhorse laser.

System options range from stabi-
lized platforms, to wavelength se-
lectable versions, to hand-held bat
tery-powered portable lasers as
pictured below. Access Lasers €O
systems are ideal for spectral
analysis, cutting, welding and othe
low power applications.
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Lyncée Tec:
Digital Holographic Microscopy

sub-nanometer 3D imaging

New technique offers fast, robust,

Digital Holographic Microscopy
(DHM) is a new technique which

makes possible sub-nanometer im-

aging via interferometric resolution
and fast acquisition rates. Based @
a revolutionary patented process
developed in Switzerland, this new
form of digital microscopy is suit-
able for applications in biological

resolution (nanometer scale in the
vertical direction), with an easy to
use, flexible and cost effective tech-
nology. Complete description of the

N method is given in the reviewed pa-

per by E. Cuche et. al.:
"Simultaneous amplitude-contrast
and quantitative phase-contrast mi-
croscopy by numerical reconstruc-

sciences and industrial process cop-tion of Fresnel off-axis holograms”

trol.

DHM makes use of a video (CCD)
camera to record a hologram pro-
duced by the interference between
reference wave and a wave emana
ing from the specimen. The cap-
tured image is transmitted to a
computer where numerical proce-
dures are applied to reconstruct a
3D image of the specimen. This
process is called "image reconstru
tion". The innovation of the DHM
patented technology is the interven
tion of digital processing at a level
that had not been reached so far in
microscopy.

Significant results have been ob-
tained in microscopy where Lyncée
Tec have established that this new
concept enables fast 3D imaging o

f

microscopic specimen with a high
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Pictured above:

a 'he holographic microscope records
+-the information from the sample as 3
hologram (measures both amplitude

and phase of the light), i.e. a more
detailed and complete information
than other microscopes.

The DHM software enables to digi-
tally process the holograms in real
time and to represent on a PC moni
tor a 3D quantitative image of the
observed object. The use of a nu-
merical method enables fast image

acquisition, high resolution, no mov-

ing parts, ease of use and efficient
costs.

Pictured at right:

The Lyncée Tec
Digital Holographic Microscope

R

SPI Fibre Lasers:
Now available from Lastek

Lastek is proud to be chosen to
represent the Southampton Photo
ics Inc. (SPI) Fibre Laser product
line.

SPI develops and manufactures
high power fibre lasers for a wide
variety of marking and micro-
machining applications including
marking, cutting, welding, ablation
annealing, sintering, SLM, printing
scribing, patterning and medical
aesthetics. Fibre Lasers have
many advantages over traditional
lasers and are increasingly being
used across a wide range of appli
cations from materials processing,
printing and micro-manufacturing
to medical device manufacture.

Whatever your application you will
receive the typical benefits of fibre
laser use which include:

- Small footprint

- High energy efficiency

- No lamps to replace!

- Excellent beam quality

- No calibration or alignment

- Dynamic and broad parameter
control

- Near maintenance free opera-
tion
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Lastek bounces back

We are delighted to report that our
sales for 2005/2006 financial year
were up over 20% on previous
year . The “hiatus” of 2004-2005 is
well behind us and our volumes
have returned to the levels we en-
joyed with previous major distribu-
tors. This has been accomplished
by refreshing our product range
with leading European manufactur
ers as well as several new US
brands. We have expanded our
service department and capabilitie
and were part of a sucessful ARC
Linkage project grant. Our US buy
ing service OpticsShop has prover
very popular and more and more
goods are coming via Duggo's
coolamon. We thank our many
valued customers for their orders
and continued support and look
forward to the coming year.

OpticsShop Duggo
launches new coffee mug

To celebrate Duggo's second year
in business we have released the
"must have" Duggo coffee cup. In
future all customers who place
orders orDpticsShopwill receive
this unique collectors item. Al-
though this series is not made by

Royal Doulton, it will stillfill your
heart with joy to have, and your
stomach with hot beverage.

To celebrate the sucess of Duggo
and the team we have promoted
Caroline Christou to the position
of Manager—OpticsShopand
given her wider authority and re-
sponsibilities to enable her to con-
tinue the development of thigp-
ticsShopservice. Congratulations,

Caroline!
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Lastek News Round-up:

First F, excimer laser

from GAM installed

We will be installing the first GAM
excimer laser at Sydney Uni this
month. These compact lasers, with
integrated vacuum pumps and auto-
mated gas fill cycles are a pleasure
to work with. No bad smell here.

NM Ceramic Servo Motors
For the smoothest, high resolution,
motorised linear transaltion stages
go towww.nanomotion.com
Nanovision have a novel technique
using PZT transducers to drive their
stages that is far superior to stepper|
motors for light loads.

Edmund Optics develop

new white light source

Edmund seek users willing to beta
site test these patented new light
sources. The light source is tunable,
has excellent spatial and angular
uniformity, and 5000 hour projected
lifetime. If you are developing an
instrument that may need a tuneablg
light source, contact us or Edmund
to register your interest.

Stuart Rumble returns from

training at Ocean Optics

Dr Stuart Rumble attended the
Ocean Optics training course in
Orlando Florida in June 06. Ocean
Optics global sales increased by
40% last year making them the
most sucessful small spectrometer
companyin history. There is a con-
tinuing avalanch of new products
emerging as more and more applica
tions open up for their products.

Simon Miles and Andrew
Gibson-White visit Toptica

In September 06 Toptica will hold
sales and service meetings in Mu-
nich. Both Simon and Andrew will
attend for Lastek.

LOT Oriel arc lamp systems
Lastek is now selling the new range
of LOT Oriel range of arc lamp sys-
tems. For reliability and service
back up there is no more experi-

enced group than LOT Oriel in
Germany. See their products at
www.lot-oriel.com

JMAR DPSS systems

Green light by the bucket. 300mJ/
pulse at 500Hz, pulse widths 0.8-
200ns, M better than 3 times dif-
fraction limit. That's why Law-
rence Livermore use JMAR lasers.

Melles Griot

1/40 wave lenses for Fizeau

interferometry

Quadruple the absolute resolution

of your Zygo style intereferometer

with these 100mm aperture Fizeau

transmission spheres. 150mm apef

ture models coming soon.

Also, Melles Griot's Kyma 448nm
DPSS laser power now up to

30mWw.

Lastek service department
installs Class 100 clean
work area cabinet and
acquires Gentec

beam profiler

To support advanced service capa
bilities Lastek have installed a
Class 100 Clean air bench in its
service department. Servicing ad-
vanced DPSS lasers can require th
covers of the laser to be removed,
allowing room air to fill the previ-
ously clean housing. Such repair
proceedures require a clean, dust
free environment.

Most DPSS lasers have a focused
beam pumping the active lasing
medium, and the laser cavity also
usually has a confocal geometry.
These regions where intense bean
are focussed act as Venturi traps
for any dust circulating inside the
laser box, and eventually, after
repair, all the dust remaining in the
box that is freely circulating, will
be captured in the beams and will
migrate to the centre of the active
lasing medium, just as a table-
tennis ball can be caught in a jet of
air.
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With this clean work area Lastek
is now able to service such ad-
vanced laser systems within its
own laboratories.

Another important acquisition by
the service department is a Genteq
beam profiler. It is increasingly

important to measure beam pro-
file characteristics to determine if
a laser is working to specification.

In the good old days, with gas
lasers, the beam usually had nice,
circular diffraction rings, or other
visual clues, to tell you if the laser
was well aligned and mainly in
TEMoo mode. With DPSS and
diode lasers, the beam shapes ca
be much more complex and deter-
mining the M parameters requires
an instrument. Lastek are now able
to measure the Mparameters of
most lasers in the 300- 1100nm
range.

We pride ourselves on having ad-
vanced service capability to sup-
port the systems we sell, and the
critical mass achieved by having
all the laser service staff and sup-
port equipment concetrated in our
laboratories in Adelaide. We're
confident that Lastek canatch

the capabilitiesof any compara-
ble distributor in the world.

*Translation from
page one:

"Where service
support is lacking, a
laser becomes as
detritus, and the
people reject it. It

remains unused,
casting a long, bitter
shadow of missed
opportunity.”

- Attributed to
Alessandro Sforza,
Ravenna, 1463
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Introducing MMULS:

Multifunction, Multi-dimensional
Ultrafast Laser Spectrometer

(continued from page one)

lines and continuum generation
stages, to realise a completely new
product for the world market. As
the spectrometer system was multif
functional, multichannel, and for
use with ultrafast lasers, one of the
team suggested the novel acronyn
MMULS. We considered calling it
the Swinburne Ultrafast Spectrome-
ter, but SUS had the wrong ring to
it. We considered ultraspec, but that
sounded too tiny, beyond nanotech-
nology even. So was born the
MMULS.

MMULS will be marketed world
wide by Ames Photonics of Texas,
USA, and via its distributors. (In
Australia and New Zealand Lastek
will sell and support MMULS, so
don't be shy to ask.)

We cannot predict how many of
these exotic beasts will be sold, but
we do know that the MMULS is
more versatile, compact and better|
priced than any comparable specig
out there today. The German and
Japanese distributors are enthusias
tic about MMULS, so we feel it has
a future.

[%2)

We are reminded of the marketing
gurus at IBM who predicted in the

Established 1988

Address: Thebarton Campus
University of Adelaide
10 Reid St
Thebarton SA 5031
Tel: 61 8 8443 8668
Fax: 61 8 8443 8427
Toll-Free: 1800 88 2215

NZ Toll-free: 0 800 441005
Email: sales@lastek.com.au
Internet: www.lastek.com.au

www.opticsshop.com.au
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1950s that there wasnaaximum
world wide market for com-

puters of no more than five

units. (In the Soviet Union they
would probably have been shot as
saboteurs for such an appalling
error.) If there’s a moral in there
somewhere, it's that you just never
know about the potential of eso-
teric products like MMULSSs.

So we decided to just go for it.
Sure, unless we rebadge it as the
M-Pod, it may not end up in every
teenagers den, but it will still be
fun and profitable.We congratulate
Peter Hannaford and Lap Van Dag
on the success of their research
program, and thank them for their
inventiveness and cooperation thaf
has led to this development.

(For overview of MMULS,
please see page 4)

Physics is like sex:
Sure, it may give some
practical results, but

that's not why we do it.
- Richard P. Feynman
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