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A beam profile created by adaptive optic 
techniques at Heriot-Watt University (red 
representing high intensity and blue low 
intensity) provides optimisation of Nd:YAG 
percussion drilling. 
A number of dynamic beam delivery techniques 
for materials processing are exploited in the UK 
university research activities described in this 
issue. These include adaptive optics for hole 
drilling and spatial light modulation for micro-
marking at Heriot-Watt (p 24), dynamic switching 
of polarisation for trepanning at Liverpool (p 26) 
and high speed scanning for surface micro-
texturing at Manchester (p 22). 

C
ou

rte
sy

 H
er

io
t-W

at
t U

ni
ve

rs
ity

The principal objectives of AILU 
include:

 • To foster co-operation and collabo-
ration on non-competitive technical 
matters and provide a forum and 
mechanisms for sharing experience 
and expertise.

• To encourage the expansion of laser 
use into applications where they can 
add value and increase company 
competitiveness.

 • To represent and promote the inter-
ests of industrial laser users.

 • To disseminate professional and 
other information to members.

 • To promote best practice in the 
commercial applications of lasers in 
materials processing and allied tech-
nologies.

 • To support the maintenance and 
improvement of standards of laser 
safety and performance.

AILU membership is a valuable source of 
information concerning laser technology 
and applications. Benefits include: 

• Subscription to The Laser User, the 
leading magazine on laser applica-
tions with news and views from the 
UK and world-wide.

• A 'hot-line' consultancy service pro-
vided by members for members.

• Free entries in the AILU Product and 
Services Directory on the web site.

• Regular meetings, including mem-
bers-only meetings and open work-
shops e.g. where key areas of tech-
nology are open for discussion.

 • Access to the members' area of the 
web site with lots of technical arti-
cles plus frequently asked questions, 
current laser safety and performance 
standards etc.

• Major discounts on registration fees 
for events organised by AILU and 
affiliated bodies.

The AILU objectives

Benefits of  
membership 

Helping you make the most of laser technology

Joining AILU
We are a non-commercial non-profit-making organisation driven by a fascination for 
lasers and their potential in manufacturing, and by a desire to help members make 
the most of laser technology. 

If you have an interest in laser technology and/or applications and are not already a 
member of AILU, then do consider joining the most active association of users and 
suppliers of laser-related equipment and services bar none. 

The cost of membership is modest and the potential benefits huge. 

Apply for membership on line by following the 'AILU membership' link at

www.ailu.org.uk
or simply contact the AILU office at 

+44 (0)1235 539595



Association
AILU's new e-magazine
The new electronic version of recent 
issues of this quarterly subscription 
magazine is currently available in the 
members area of the AILU web site and 
also on a dedicated web site at http://
magazine.ailu.org.uk/, which is designed 
for handling group subscriptions to the 
e-magazine, both by password and 
approved subscriber IP address.

It was agreed at the AILU steering com-
mittee meeting on 4 November that 
Corporate member subscription to the 
e-magazine should cover all employees 
of the organisation, and for a rate of only 
£100 per year. Extension of this offer to 
non-members is also being considered 
as part of a new AILU membership drive. 

ILAS 2011
The programme of technical sessions of 
ILAS 2011, AILU's biannual 2-day event 
dedicated to the technology and applica-
tions of laser materials processing, have 
been finalised and the preliminary pro-
gramme is soon to be released. 

The event will take place at Birchwood 
Park, Warrington, at what was the heart 
of the UKAEA nuclear power programme 
at Risley, on the 15 & 16 March 2011. 
It represents the biggest AILU event to 
date, with over 60 papers, three Plenary 
and 7 keynote presentations, running in 2 
parallel sessions.

The symposium will address laser equip-
ment and macro to fine scale materials 
processing applications in industry. The 
presentations will be a mix of research 
and practical papers at all levels of spe-
cialisation, from the newcomer to the 
experienced researcher.
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www.lboro.ac.uk/jobs

Wolfson School of Mechanical and Manufacturing Engineering

Lecturer in Laser Materials
Processing £32,620 to £43,840 per annum
The Optical Engineering Research Group (OERG) is the largest UK 
research group specialising in the engineering applications of optics 
and laser technology and was a recipient of the prestigious Queen’s 
Anniversary Prize in 2001. You will make use of the OERG’s well 
equipped high-power laser facility and will be expected to work 
closely with the other leading research groups at Loughborough.

You should hold a PhD in Engineering (or related discipline) and have 
industrial or post-doctorate experience of academic collaboration 
with industry. Research expertise and a strong publication record in 
the area of optical engineering are essential, with a preference given 
to the application of laser materials processing in the context of 
advanced manufacturing.

You will be expected to contribute to teaching at undergraduate and 
postgraduate levels, including the supervision of projects, and should 
be willing to demonstrate a continuing commitment to maintaining 
the School’s high standards in teaching and learning.  

See website for further information and an application form. Closing 
date: 10 January 2011. Please quote reference: MM/11662/5919.

Lasers in 21st Century manufacturing
In August 2010, with financial assistance 
from the Knowledge Transfer Network 
and the active support of many AILU 
members, a report titled 'Exploiting laser 
technology in 21st Century UK manufac-
turing' was completed that categorises 
over 130 industrial laser applications, 
assessing their potential future impor-
tance to 21st Century themes, products 
and industries; and assigning each a 
Technology Readiness Level within a UK 
context. 

Based on this comprehensive categori-
sation, a 3-tier listing of laser processes 
for future 21st Century manufacturing 
was drawn up according to the number 
of distinct links that were identified to 
key themes, industries and key products 
through the applications that each proc-
ess supports. A total of 31 processes 
were assigned to tier 1.

The report also contains a survey of 
current UK laser job shop activity and 
highlights opportunities for job shop 
and subcontract manufacturing. It also 
reviews the situation regarding UK R&D 
in laser materials processing, building 
in the RULARDO report, a competency 
map for UK R&D in this area. A com-
prehensive review of current support 
for industrial R&D in the UK is also pre-
sented.

This report, a download link to which 
can be found on the home page on 
the AILU web site (see http://www.ailu.
org.uk/adhocpages/21stcentury.html), 
is designed to stimulate ideas to laser 
industrial users and researchers to help 
them take advantage of funding oppor-
tunities provided to encourage activi-
ties in the new 21st Century themes, 
especially (in the UK) through the various 
Technology Strategy Board competitions.  

Starting in 2010 AILU Corporate mem-
bers have received a certificate upon 
renewal of their membership. Job Shop 
Members have their own design of cer-
tificate, all others are of the style shown 
opposite; and this first year's picture, of 
laser welding courtesy of Trumpf, has 
served the purpose excellently. 

AILU members are invited to submit a 
new picture for the 2011/12 certificate, 
showing a different laser technol-
ogy and/or process and reflecting the 
breadth of activities of our members.

The picture will be judged by the AILU 
committee for its impact as a mono-

chrome picture. 
It will have to 
be of sufficient 
quality/resolu-
tion for display 
on an A4 page 
as shown oppo-
site, where its 
originator will 
be suitably 
acknowledged.  

Deadline for submission of entries is 
31 December 2010. The winning entry 
will be announced in early January.
Contact: Liz Guntert 
E: liz@ailu.org.uk

People
Janet Stoyel, MBE
All AILU members who have had the 
pleasure of meeting Janet Stoyel at an 
AILU event or better still of hearing her 
speaking on 
laser processing 
of textiles will 
be  delighted 
that she was 
honoured in the 
summer honours 
list with an MBE 
for her serv-
ices to the textile 
industry.

An internationally 
renowned expert 
in her field, she 
has made a 
major contribution to the use of indus-
trial laser materials processing in the 
disciplines of textiles, media and design.

Janet founded of The Cloth Clinic and is 
probably best known to AILU members 
for the wonderful samples of CO2 laser 
cut Laserlace that she brings to illustrate 
her workshop presentations (for exam-
ple, see 'Faith & Fashion', p12)

Initiatives
NEXPRESSO project is now open
A key objective of NEXPRESSO is to 
purchase at marginal cost pre-competi-
tive photonic devices from innovative 
European companies and put them in 
the hands of European researchers and 
students. All at no net cost to the uni-
versity or to the company furnishing the 
devices. 

The first call for pre-market components 
is now open. For further information see 
http://www.nexpresso.eu 

Janet Stoyel as speaker 
at the AILU 'Artistic uses 
of lasers' workshop in 
November 2005.

Membership certificate design competition
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New Technology Innovation Fund 
NPL has launched a new Technology 
Innovation Fund which provides an 
opportunity to work with NPL for a frac-
tion of the normal cost. You can draw on 
NPL's unique combination of industry 
knowledge and world-leading scientific 
expertise to help your business.

The Fund offers UK businesses three 
levels of support: Advice surgeries (often 
held alongside other events members 
might be attending); Consultancies, 
including a level of matched funding in 
relation to the company's contribution 
and Research Clubs, where compa-
nies with similar problems pay a joining 
fee, which contributes to research time 
in areas dictated by the club mem-
bers. Research clubs are anticipated 
in - Advanced Manufacturing, Energy, 
Sustainability, Healthcare, Defence & 
Security, and Digital Economy. 
Contact: Peter Benson  
E: peter.benson@npl.co.uk 

Buisiness
Rofin-Sinar acquires Lasag AG
Rofin-Sinar has acquired Swiss-based 
Lasag AG, including its worldwide opera-
tions. Founded in 1974, Lasag has many 
years of experience in the development 
and manufacturing of industrial solid-
state lasers, marketing and selling laser 
products for fine cutting, spot welding, 
drilling and scribing applications to the 
medical device, automotive, electronic 
and aerospace industries. 

This is clearly an important acquisition 
for Rofin-Sinar, as it continues to extend 
its broad product portfolio in the laser 
material processing market.
Contact: Andy May 
E: a.may@rofin-baasel.co.uk

Planit acquires sheet metal business
Planit Software has acquired the Dutch 
business of Somatech Sheet Metal, part 
of the Solva Group. 

The two companies already had an 
active relationship, with Somatech 
Sheet Metal acting as a Radan resel-
ler for Benelux, while also developing a 
versatile sheet metal bending product,  
RadBend CNC, for Planit. 

As a result of the acquisition Planit is 
setting up a base in Holland,  Radan BV, 
to service its 200 sheet metal customers 
throughout Benelux. 
Contact: Trevor Glue 
E: TrevorGlue@planit.com

Trumpf wins coveted industry award
During the Metalworking Production 
(MWP) Awards presentation at the 
MACH exhibition at the NEC earlier this 
year Trumpf UK were winners of the 
Best Forming and Fabrication Equipment 
class in the biennial Awards.

Trumpf won the 2010 achievement for 
its success with the TruLaser 1030 laser 
cutting machine for sheet metal.

“The  TruLaser 1030 was designed to be 
easy to build, transport and install, and 
to be incredibly simple to operate, even 
by someone without any laser cutting 
experience,” explained Trumpf’s Carol 
Vyse. “The functions resemble those of 
a CD player: play, stop and pause.  The 
user selects the correct key intuitively.”
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com

Award presentation (l to r) Amanda Stretton 
(racing driver & TV presenter), Nick Damjanovic 
& Carol Vyse of Trumpf UK, and John Houseman 
of the CBM.

New USA facility for Winbro Group
Winbro Group Technologies, a world 
leader in cooling hole technology for 
aero and land based turbine engines, has 
recently appointed Robb Hudson (previ-
ously of Huffman Corporation, Lasag and 
Sauer Lasertec) as Vice President, North 
America; in time for the opening of its 
new technology and development centre 
in Charlotte, North Carolina. 
Robb joins former colleague from Sauer 
Lasertec Richard Baxter, who is based at 
the main manufacturing plant in the UK. 
Contact: Richard Baxter 
E: sales@winbrogroup.com

Scanlab celebrates 20th anniversary 
Founded in 1990, Scanlab AG has grown 
into a laser positioning and deflection 
leader, with over 100 employees and 
annual sales exceeding € 35 million.

Today, its scan heads are found in all 
major markets and application as diverse 
as marking, micro-structuring, cutting 
and welding. Many have involved first-
time implementation of novel ideas that 
became market standards.

Scanlab would particularly like to thank 
its customers who, by demanding and 
trusting in Scanlab’s ability to develop 
and deliver, have helped the company 
advance in scanner technology. 
Contact: Anne Konrad 
E: A.Konrad@scanlab.de

Coherent supports Holst Centre 
research on smart-foil integration 
Coherent and Holst Centre, an open-
innovation initiative by imec (B) and TNO 
(NL), have announce their cooperation in 
the field of flexible electronics. Selective 
removal and deposition of thin layers 
is an important research challenge for 
future flexible-electronics applications 
such as organic photovoltaics (OPV) and 
organic light emitting diodes (OLED). 
The cooperation encompasses the inte-
gration of a Coherent picosecond laser 
source in the electronic foils processing 
equipment for laser ablation in sheet-
to-sheet production of OLED and OPV 
devices. The potential of the laser to 
provide short processing times will allow 
the transition towards roll-to-roll, a key 
step for low cost production. 
Contact:  Petra Wallenta 
E: petra.wallenta@coherent.com

Dentaurum and Concept cooperate
The Dentaurum Group, a leader in the 
field of non-precious metal alloys, and 
Concept Laser, a pioneer in additive 
manufacturing (LaserCUSING®), will in 
future work together exclusively in the 
segment of laser fusing of dental alloys.

As part of this cooperation, both com-
panies have agreed to provide and 
market high-quality CoCr alloys that  
have been approved for use with the 
LaserCUSING® method. The patented 
and clinically tried-and-tested non-pre-
cious metal alloy remanium® Star, is now 
also exclusively available as remanium® 
Star CL as a laser-fusable alloy powder 
through Concept Laser. With this powder 
the LaserCUSING® method can be used 
to manufacture both small caps and 
bridgework in an extremely economical 
fashion and meets the requirements of 
the German Medical Devices Act 
UK and Ireland Contact: Colin Cater  
E: c.cater@estechnology.co.uk
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Optics
II-VI portable Lens Stress Analyser
Even the best of lenses can go bad. 
Thermal stress, mechanical stress, and 
contamination can all cause a lens to 
fail. When that happens, business can 
suffer from costly downtime or, in the 
event of catastrophic lens failure, even 
costlier laser system repairs. Conversely, 
you don’t want to discard a perfectly 
useable lens that may only need to be 
cleaned to return it to peak performance. 
The question, then, is how can you 
determine when a lens is truly in need of 
replacement?

II-VI's Lens Stress Analyser (LSA) allows 
the user to spot lens stress before cata-
strophic failure and to decide whether a 
lens needs discarding, or merely clean-
ing. Using a fluorescent base and cross 
polarizing film, the LSA highlights ther-

mal and mechanical stress and contami-
nation that the naked eye cannot see.

This invaluable tool can help you keep 
your laser system running smoothly, by 
allowing you to see when a lens needs 
to be cleaned and when it needs to be 
replaced.
Contact: Andy Waterhouse 
E: awaterhouse@ii-vi.co.uk

Not all CO2 lasers are the same.....
Laser Beam Products have recently helped 
several customers using TEA (Transversely 
Excited Atmospheric) CO2 lasers, a high 
peak power pulsed CO2 laser type, not to 
be confused with the much more com-
mon low pressure CW CO2 laser (fast axial 
flow, slab discharge etc). Not realising that 
the term "CO2 laser optics" often refers 
to mirrors designed for latter laser types 
the standard mirrors they sourced com-
pletely failed within a few seconds due to 
the very high 
laser pulse 
energies. After 
waiting several 
months for 
delivery, only 
a few seconds 
of use was 
particularly 
disappointing! 

LBP gold 
coatings withstands both high power CW 
and MegaWatt pulsed TEA lasers. They 
were able to take the used failed mirrors, 
remove the remains of the ablated dielec-
tric coating, and then Gold coat them. 

Interestingly the first true, high power TEA 
CO2 laser was developed in Baldock, 
England, just 5 miles away from LBP's fac-
tory in Biggleswade. LBP's Gold coated 
Copper mirrors have been independently 
certificated as having an LIDT of 46J/cm2 
in a 80ns pulse, a typical pulse duration for 
a TEA laser.
Contact: Mark Wilkinson 
E: sales@lbp.co.uk

Failed, damaged mirror

Sources

High power ultrafast amplifier system
Coherent, Inc. claim that their new Ti:Sp 
ultrafast laser amplifier, the Legend Elite 
Duo-HP, delivers over twice the power of 
any comparable product. This thermo-
electrically (TE) cooled amplifier provides 
15 W output power and up to 10 mJ 
pulse energy at kHz frequencies. It can 
be configured to provide pulses of dura-
tion of <25 fs up to 2 ps with repetition 
rates in the range 1 to 10 kHz.  

Thermal gradients and consequent ther-
mal lensing in the Ti:Sapphire crystal 
typically limit output powers to a few 
Watts. Cryo-cooling has been used 
to date, but the Legend Elite Duo HP 
avoids this cost and complexity by using 
TE solid-state cooling and a crystal 
mounting interface shaped to maximize 
cooling efficiency and reduce thermal 
gradients. The new system incorporates 
two stages of amplification – a regen-
erative amplifier followed by a simple 
single-pass amplifier. This approach 
ensures superior beam quality, stabil-
ity and efficiency compared to designs 
based on multi-pass amplification
Contact: Steve Butcher 
E: steve.butcher@coherent.com

New version of the ACE™ Laser
Advanced Optical Technology now offer 
special versions of their ACE ™ short-pulse 
E-O Q-switched Nd:YVO4 lasers operat-
ing beyond 100 kHz, the maximum of 
the standard range. ACE products use 
proprietary laser technology to allow the 
efficient generation of high beam quality 
pulses in the ~ 500 ps to few nanosecond 
range. The current ACE models find use 
in a wide range of industrial, commercial 
and R&D applications, from high precision 
micro-machining, through aerial mapping 
to biochemistry and scientific R&D. Active 
Q-switching allows the user to accurately 
synchronise the short TEMoo laser pulses 
to external events.  
At pulse rates to 250 kHz the special ACE 
oscillators offer the same high efficiency, 
beam quality and excellent pulse synchro-
nisation capability for applications where 
higher throughput or faster data acquisition 
is needed.
Contact: Clive Ireland 
E: sales@AOTLasers.com

Laser femtoTRAIN™ oscillator
The femtoTRAIN™ Ti:Sapphire fem-
tosecond pulse laser from High Q is 
claimed to be the most compact, all-in-
one, all-diode-pumped, Ti:Sp oscillator 
on the market. It offers a pulse duration 
of <100 fs at a repetition rate of 73 MHz 
and an average power of up to 400 mW 
and fixed wavelengths in the 790 to 
870 nm range. Second harmonic wave-
lengths are available as an option. 

Due to compact size and high stability 
it is the ideal femtosecond laser source 
for nanostructuring applications such as 
Two-Photon Polymerization, as shown 
below. Its compact size, hands-free and 
true turnkey operation and its attractive 
price makes the femtoTRAIN™ attractive 
to both researchers and integrators.
Contact:  Doug Neilson 
E: douglas.neilson@photonicsolutions.co.uk

Products

 Scaffold, generated by Two-Photon 
Polymerization with the femtoTRAIN™ TiSa 
showing structure sizes in the sub-micron range 
(Image Courtesy: Dr. Jürgen Stampfl, TU Wien)

5 µm
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Titan Infinity series from DPSS lasers
DPSS Lasers Inc., represented in the 
UK by Laser Lines, claim that their Titan 
Infinity Series is the first true CW DPSS 
UV high power solid state laser on the 
market. It is also the low-cost leader in 
the high power CW UV arena. It boasts 
an impressive 200 mW output generated 
within a rigid sealed structure for years 
of trouble-free performance.

The new Titan Infinity Series is spe-
cifically designed to meet the needs of 
applications that have historically set-
tled for mode locked technology when a 
true CW source would have been ideal. 
Its ultra-stable output makes it ideal for 
applications such as confocal micros-
copy, flow cytometry, and bio-fluores-
cence.  

Its industrial design, developed from 
decades of UV manufacturing experi-
ence, is ideally suited to both delicate 
scientific experiments as well as indus-
trial 24/7 “workhorse” environments.  
The Titan Infinity Series offers maximum 
flexibility without sacrificing performance 
and features. 
Contact:  Steve Knight 
E: stevek@laserlines.co.uk

JK Lasers has announced the release 
of two additions to the JK range of 
pulsed Nd:YAG lasers; the JK80PS 
and JK150PS. Designed for industrial 
processing these lasers are ideal for 
small medical applications, electron-
ics and automotive components. The 
lasers combine higher peak powers with 
improved beam quality for increased 
flexibility and maximised process control 
for faster, more precise welding and fine 
cutting applications. 
Fibre sizes down to 100 μm and peak 
powers up to 5 kW enable peak power 
densities to be achieved at smaller 
feature sizes than previously possible. 
The JK80PS allows peak powers of up 
to 3 kW to be delivered via a 100 μm 
fibre and the JK150PS enables 5 kW 
to be delivered via a 150 μm fibre.  All 
fibres are equipped with JK Luminator™ 
Plug-In, Pre-Aligned (PIPA) technology 
with integral back reflection protection 
and Fibre Continuity Monitoring System 
(FCMS) built in for enhanced safety. All 
lasers have high levels of pulse to pulse 
stability down to ±0.5% and include 
elements such as Pulse On Demand 

(POD) and the 
feature-rich JK 
LaserView™ 
software suite. 
And because 
LaserView™ 
includes integral 
scanner control 
software specifi-
cally designed for 
welding and cut-
ting applications, 
these lasers are 
ideal for scanner based delivery systems 
These new additions to the JK range 
also include the features unique to the 
JK Laser brand, such as their patented 
Luminator™ fibre optic beam delivery 
with back reflection protection; pulse 
shaping capabilities for tighter process 
control; faster shutter interface for quick-
er response on parameter changes and 
more precise timing in time-share mode; 
and fully integrated time and energy 
shares for faster switching and reduced 
maintenance costs.
Contact: Mark Greenwood 
E: mgreenwood@gsig.com

The JK300FL-AC : 300W CW Power, totally Air Cooled.

Freedom from water chillers for your welding and cutting applications.
Ideal for clean room installations and needing only a single phase 
utility supply, it offers:

» In-built back reflection protection.

» GSI designed processing tools to optimise the benefit of single 
mode beam quality.

» User customisable machine control interface and high functionality 
GUI control software.

» Highly reliable and stable single resonator.

Proven laser products and 
outstanding support - 
a great fit to your 
manufacturing requirements.

For more information, visit www.gsiglasers.com or call the dedicated 
Support Line on +44 (0) 1788 517800

A great fit 

JK Lasers,
Enabling Your Technology

Welding Cutting Drilling

JK  
Lasers

TM

TM

A New Fiber Laser

JK Lasers enhances Nd:YAG laser range
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Hamamatsu range of laser diodes 
Hamamatsu Photonics offer a range of 
laser diode bar devices, supplied either as 
bare diodes, or provided as a module, with 
CW powers up to 60 Watts per bar and a 
choice of water cooling, peltier cooling or 
Hamamatsu’s patented Funryu active cool-
ing technology. Stacked bar arrays with 
outputs of up to several Kilowatts output 
power, are available to specific customer 
requests, together with fibre-optic coupling 
and a choice of other wavelength laser 
diodes. 
In a quite different devel-
opment Hamamatsu 
Photonics have also intro-
duced a new 20 mW CW 
laser diode, the LC0293, 
with a peak emission 
wavelength of 763 nm. 
This new laser diode is a lateral single 
mode type, with an emission area of just 
1 µm x 5 µm, with a very narrow band-
width. As well as a narrow bandwidth 
the LC0293 features a very long lifetime, 
maingm it an ideal source for use in oxy-
gen monitoring applications.
Contact: Ray Livingstone 
E: info@hamamatsu.co.uk

Trumpf expands its TruDiode series 
The 
TruDiode 
series are 
now avail-
able with 
output 
power of 
0.8 - 3 kW, 
for welding, 
brazing, 
hardening and heat treatment.
These industrial grade diode lasers pos-
sess a beam quality comparable to that of 
lamp-pumped lasers – even at high output 
power – all at significantly lower operating 
costs, up to 95% in a three-shift operation, 
thanks to their high wall plug efficiency of 
up to 40%. Due to their modular design, 
the diode lasers can be easily integrated 
into existing production systems. 
The heart of Trumpf diode lasers is a fibre-
coupled diode module with unsurpassed 
technical performance data. Its 100 W out-
put is coupled into a 100 µm fibre ; a fibre 
combiner links several modules together to 
achieve the desired output power. 
Contact:  Gerry Jones 
E: g.jones@uk.trumpf.com

Measurement
Hamamatsu IR-enhanced photodiodes
Hamamatsu Photonics have introduced a 
new range of silicon detectors and image 
sensors that offer enhanced near-infrared 
sensitivity. 
Using unique laser processing technology, 
MEMS structures can be fabricated on the 
silicon surface which act to reduce reflec-
tions and increase the surface area of the 
active element. This process dramatically 
increases the sensitivity in wavelengths 
longer than 800 nm.
The S11499 series is a 
family of PIN photodiodes 
utilising this new technolo-
gy, offering a high sensitiv-
ity of 0.6 A/W at 1060 nm. 
This is three times the 
sensitivity of a typical sili-
con photodiode
The increased sensitivity of these devices 
in the near-infrared region makes the 
S11499 IR-Enhanced PIN diodes suitable 
for a wide range of applications including 
laser monitors, including Nd:YAG and and 
many more. 
Contact: Ray Livingstone 
E: info@Hamamatsu.co.uk

Laser unit with diode modules
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Advanced Laser Control from Aerotech

Position Synchronised Output
• Aerotech’s Position Synchronised Output

(PSO) feature coordinates your motion
subsystem with laser firing to produce the
highest quality parts and minimise cycle
time

• Fully configurable to interface with lasers
equipped with externally synchronised
control, including CO2, YAG, and excimer
fiber lasers

• PSO functionality includes several easily
programmed operation modes and may
be applied to single, 2, or 3-axis
positioning systems

Dedicated to the Science of Motion

www.aerotech.com

AH100LTD3-PSO Laser

A e r o t e c h  W o r l d w i d e
United States  • Germany • Uni ted K ingdom • Japan • China

Aerotech Ltd, Jupiter House, Calleva Park, Aldermaston, Berkshire RG7 8NN - UK
Tel: +44 (0)118 940 9400 - Email: sales@aerotech.co.uk

Hermetic welding, micromachining, and ablation
require precise control and spacing of laser
pulses on the material being processed to
provide consistent quality. When using a fixed-
frequency laser, this is complicated by the need
for constant velocity, severely limiting processing
speeds when faced with complicated geometries.
Aerotech’s PSO solves this problem.

Contact an Aerotech Application Engineer
to discuss your requirements.

LaserTurn®5 high-speed
cylindrical laser cutting system 
uses PSO for micron level machining

Automation A3200 - up to 32 axes of 
coordinated motion control with I/O Vision,
PLC and advanced servo drives

Capabilities in Laser Processing
and Micromachining provides
comprehensive information on Aerotech’s
advanced high technology manufacturing
solutions 

Call for your copy today

AH1003ALTD_PSO_Laser_184 x 130:AH1003A-PSO 12/03/2010 09:01 Page 1

New Aerotech products for workpiece 
manipulation
Aerotech’s nano Motion Technology 
(nMT) range includes linear, linear verti-
cal, rotary and goniometric positioners; 
specifications include 1 nm positioning 
resolution, speeds to 500 mm/sec and 
acceleration to 5 g. For high throughput 
Aerotech's nMT range has been further 
expanded with new rotary and Z axis 
direct-drive nano-positioning stages 

With Aerotech's direct-drive ANT series 
now covering 95 mm and 130 mm wide 
linear and vertical-linear translation 
stages in addition to rotary and gonio-
metric angular positioners, users can 
now specify long travel range, multi-axis 
nanometre resolution mechanics for high 
throughput production and demanding 
test and research applications. 

Positioning The new rotary stages offer a positioning 
resolution of 0.1 arc sec and a calibrated 
repeatability of just 2 arc sec. They uti-
lise direct-drive motor technology with 
in-position stability to within 0.5 arc sec. 
Direct axial load capacity is 2 kg for the 
smaller diameter stage and 3 kg for the 
larger stage. The error motion perform-
ance across both sizes of rotary stage 
(tilt, axial and radial) is in line with the 
outstanding overall specifications and 
suited to demanding high throughput 
manufacturing applications such as 
disk-drive fabrication, fibre optic device 
alignment, and MEMS sensor manufac-
ture and test.

PRO560 ball screw driven linear stage
In other developments, Aerotech have 
launched a new 560 mm wide ball screw 
driven positioning stage as part of its 
PRO series hard top/side sealed preci-
sion table range. Available in standard 
and high speed versions, the extra wide 
cross section the new PRO560 and 
PRO560 HS stages provide optimal sup-
port for long travel upper axes or large 
footprint loads. With travel up to 1500 
mm and loads to 150 kg, the new stages 
perfectly complement and complete the 

PRO ball screw driven range. 

The PRO ball screw range is char-
acterised by its unique and fully pro-
tected side-sealed/hard top design and 
includes heavy duty linear motion guide 
bearings for arduous yet high precision 
industrial positioning applications such 
as laser welding or EDM machining.

PRO280LM side-sealed direct-drive 
stage 
Another new addition is to the PRO-LM 
series of direct-drive, brushless linear 
servo motor driven stages, which now 
includes a 280 mm wide version, avail-
able in eight travel options from 300 mm 
to 1.5 m, for high throughput and heavy 
load precision positioning applications 
in harsh industrial environments. The 
side-sealed/hard top and fully protected 
stages feature heavy duty linear motion 
guide bearings, submicron level encoder 
feedback and optional cable manage-
ment, and are now available in nominal 
widths of 165, 225 and 280 mm which 
may be freely mixed to optimise applica-
tion load and travel requirements.
Contact:  Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk
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Safety
New and improved safety products
Lasermet have introduced their new 
Ultra Range of large area LED powered 
signs, offering high clarity at all ambient 
light levels and total flexibility in the leg-
ends and colours that can be displayed. 
The signs are fitted 
with an optional 
automatic variable 
brightness control 
to match the light 
output with the 
background illumination and multiple 
LED circuits and dual control inputs are 
used to create redundancy. 

LS-20 High integrity laser beam shutter
The Lasermet LS-20 
safety shutter provides 
a means of preventing 
accidental exposure to 
a hazardous laser beam. 
Designed to be part of 
a high-integrity safety 
system, it features a 
gravity-close blade and 
force-disconnect proving contacts. A ‘SIL3’ 
version is available. As standard the LS-
20 uses an internal beam dump for lasers 
up to 20 W but, modified to work with an 
external beam dump, multi-kW beams can 
be safely handled. 
Contact: Paul Tozer 
E: office@lasermet.com

The UK’s first Salvagnini L1Xe fibre 
laser profiling centre has been installed 
at the Calne, Wiltshire headquarters of 
Altex Engineering Ltd, a subcontract 
manufacturer, where it has accelerated 
laser profiling times by a factor of five in 
comparison with the eight-year-old 3 kW 
laser cutter it replaced.

“There was essentially little wrong with 
our existing laser cutter, however, it was 
approaching a major service and specifi-
cations had moved on,” explained Colin 
Gill, planning engineer at Altex. “We 
knew there were machines that could do 
a much faster, more efficient job, such 
as Salvagnini’s L1Xe. When we looked at 
the L1Xe we couldn’t believe its speed 
and power, as well as the potential sav-
ings, both economic and ecological.”

Altex was established in 1982 and is a 
family owned business. It is accredited 
to ISO9001 and is an approved supplier 
to government agencies and several 
national and multi-national organisations. 

“Acquiring the country’s first L1Xe is a 
coup for Altex, and is befitting of our 
market position,” says Mr Gill. “Coming 
amid challenging economic conditions 
I think our investment makes a real 
statement. We knew the advantages we 
could obtain. For instance, although the 
resonator is 2 kW, the solid state fibre 
technology means it gives far greater 
output than our previous 3 kW machine, 
making it up to five times faster based 
on our experience since installation.”

The laser requires no laser gas, no mir-
rors, no turbine, no bellows, no beam 
compensation system, no routine service 
requirements for the laser source, and 
no start-up time. What’s more, power 
consumption is as low as 25% that of 
the same power CO2 laser.

Optical fibre is used on the L1Xe both 
to generate the beam and to transport 
it from the laser source to the machine. 
The intense beam that is produced does 
not require high power levels to achieve 
exceptional performance or cut thick 
materials. 

At Altex, the L1Xe has been set to work 
profiling components destined for use in 
sectors that include defence, furniture, 
retail and heating. The machine can 
process steel up to 18 mm thick, stain-
less steel up to 10 mm and aluminium 
up to 8 mm. Due to the wavelength of 
the fibre laser, it is also possible to cut 
highly reflective materials such as cop-
per and brass up to 5 mm thick, a feat 

not achievable using more conventional 
CO2 laser technology. 

Quality matters
General laser profiling tolerances at 
Altex are 0.2 mm, which was about the 
limit of the company’s previous laser 
cutter. However, the L1Xe has a cut of 
0.07 mm, allowing tighter tolerances to 
be acheved if required. 

Changing to Salvagnini technology 
proved to be straightforward for Altex, 
despite having a large number of parts 
programmed to suit the previous laser 
cutter.

“It was very easy to learn Salvagnini’s 
SiX control system,” says Mr Gill. “We 
use Radan software throughout the fab-
rication shop and it proved very simple 
to interface the L1Xe with Radan. In 
terms of the individual programs we only 
needed to set new tooling parameters, 
which could be done with just a few 
mouse clicks.”

“As recently as two years ago lead-times 
were 6-10 weeks but now this has gone. 
Today it is more likely to be 10 days. 
No one wants to keep stock. It’s about 
reduced work-in-progress, just-in-time 
(JIT) production and optimum warehouse 
management based on reduced invento-
ries.” The L1Xe gives that flexibility.

The performance of the L1Xe at Altex is 
enhanced further by a pallet exchange 
system that provides easy and efficient 
production changes and high process 
reliability. 

Green machine
Energy consumption and running costs 
are traditionally high on laser cutting 
machines, which is why the design team 
at Salvagnini set out to create a new 
benchmark of environmental credentials 
with the L1Xe. There is no doubt that 
the Salvagnini L1Xe is an ecologically 
responsible solution.

"I am anticipating electricity savings in 
the region of £500 a month, which is 
a significant amount of money for any 
manufacturer.”
Contact: Steve Williams 
E: steve.williams@salvagninigroup.com

Sized up laser cutting
Trumpf has developed a 2D laser 
machine for the processing of extra large 
sheets, up to 16 x 2.5 m. Based on its 
twin-headed TruLaser 7040, the TruLaser 
8000 comes with a range of options. In 
addition to the 4 x 2.5 m pallet changer 
a special large sheet version is avail-
able that allows for parallel loading and 
unloading of sheets up to 12 m long dur-
ing production.

The user can choose between a 3.6 and 
a 6 kW laser; indeed, the TruLaser 8000 
can be equipped with two lasers for 
simultaneous cutting. As well as dou-
bling productivity this option also saves 
on factory floor space.
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com

Machines

UK’s first Salvagnini L1Xe fibre laser
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The demand for smart phones and 
other highly sophisticated, miniatur-
ized electronic devices has led to 
increased use of high density inter-
connect (HDI) circuit boards. It can be 
difficult to reliably make these preci-
sion printed circuit boards (PCBs) 
using conventional methods, but now 
a new generation of high perform-
ance, solid state UV lasers are mak-
ing laser direct imaging (LDI) a viable 
alternative for PCB production.  

The traditional production method for 
fabricating PCBs requires making a 
series of photo-tools, film-like masks 
containing clear and opaque areas in the 
pattern of the desired circuit elements 
– one mask for each layer in the board. 
The photo-tool is placed on a photo-
resist coated panel and the UV output 
from a mercury vapour lamp exposes 
the resist.  Various wet-chemical devel-
opment and processing steps are used 
to produce the actual physical structures 
i.e., the lines, pads and other features. 
The final PCB is formed by laminating 
several of these layers together. 

The limitations of this approach become 
more critical as PCB feature sizes shrink 
e.g. registration errors between the PCB 
layers, caused by changes in tempera-
ture and humidity. The use of photo-
tools also requires careful handling and 
storage in order to avoid damage or 
contamination that might produce errors 
in the final pattern.  

What is LDI?
Laser Direct Imaging provides a way of 
creating PCBs that avoids the limita-
tions to the traditional method. In LDI, a 
UV laser beam is scanned over a photo-
resist coated panel to create the desired 
circuitry pattern in one step.

Under the control of computer loaded 
with the desired circuit pattern, a 

modulator imposes the image of 
the desired circuit on a focused 
laser beam that is raster scanned 
across the photo-resist coated 
panel; the panel is then flipped 
and the second side is scanned.  
Currently available LDI products of 
this type can scan panels as wide 
as 300 mm wide in a single pass, 
eliminating the need for stepping 
or stitching.

Because LDI does not employ a 
physical photo-tool, the dimensions 
of the laser produced pattern are not 
affected by environmental conditions. 
In addition, the inherent flexibility of LDI 
enables the size, orientation and shape 
of the written pattern to be varied as 
needed to maintain optimum registra-
tion. Any required transformations in 
the imaged pattern are determined by 
measuring the positions of features or 
fiducial marks on the panel. The net 
result is that a side-to-side registration 
of 10 µm can be achieved on a produc-
tion basis.  This is a major improvement 
over traditional production systems that 
utilize photo-tools.  

LDI also delivers time and costs sav-
ings associated with the creation, use, 
handling and storage of phototools.  
Furthermore, LDI avoids any quality 
problems associated with film related 
defects.  The technique even ena-
bles unique marking or serialization of 
boards.

Laser Improvements
LDI has been in use for many years, but 
early systems were based on argon ion 
lasers. Typically these were 4 W lasers, 
operating at multiple wavelengths in the 
351 to 364 nm range. However, these 
lasers presented several drawbacks, 
including a significant initial invest-
ment in site preparation (480 V, 3-phase 
power, and high volume of cooling 
water), and a high total cost of owner-
ship. The latter was due to the limited 
plasma tube lifetime, and the need to 
realign the optical system after tube 
replacement. These factors limited LDI 
to speciality applications.  

To meet the needs of LDI and other 
applications requiring a reliable, high 
power, continuous wave (CW) ultravio-
let laser source with reduced operat-
ing costs, laser manufacturers such as 
Coherent developed a solid state alter-
native. These lasers, exemplified by the 
Coherent Paladin, are diode pumped, 

solid state Nd:YVO4 lasers, frequency 
tripled to produce output at 355 nm.  

The Paladin operates in a mode locked 
fashion, which is key to its high tripling 
efficiency.  Its output is referred to as 
"quasi-CW" since it actually comprises 
a very high frequency pulse train, typi-
cally greater than 80 MHz.  Compared 
to this very high repetition rate the scan 
speeds used in LDI are slow and the 
laser output appears continuous to the 
application.  

The all solid state construction of the 
Paladin confers numerous advantages, 
including a dramatic increase in reliabil-
ity and reduction in maintenance down-
time.  The increased efficiency of an all 
solid state laser substantially reduces 
its power requirements and the amount 
of waste heat generated.  This enables 
the Paladin to operate from standard 
110/220 V input, and to be cooled by 
a small, closed loop chiller, thus elimi-
nating the need for a high flow rate of 
water.  

The first Paladin lasers introduced pro-
duced 4 W of output; while these deliv-
ered all the benefits just described, they 
did not increase LDI system throughput 
or eliminate the need for high sensitivity 
photoresist. However, another benefit 
of the solid state technology employed 
in the Paladin is that it is scalable, and 
8 W and 16 W version of the product 
were subsequently developed. These 
have further improved the economics 
of LDI by raising throughput and lower-
ing photoresist costs, thus making LDI 
an increasingly attractive alternative 
for high density PCB production. As a 
result, LDI is currently one of the higher 
growth laser applications in the entire 
microelectronics market sector.

Torsten Rauch, Coherent GmbH
E: Torsten.Rauch@coherent.com

UV lasers improve printed circuit boards

Mis-registration between successive layers causes circuit 
elements to be incorrectly placed (left).  This problem is 
eliminated with LDI (right)

UV laser direct imaging in action
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Overnight Dependability 
Automation is gaining in importance and 
sophistication and was one of Trumpf’s 
highlights at this year’s Euroblech. 

To demonstrate its efficiency in a lights 
out operation, Trumpf launched its 
PalletMaster Tower, an affordable, proc-
ess-reliable entry into automation  The 
pallet changer, with an integrated inter-
mediate buffer, was developed by Trumpf 
Japan. It converts the TruLaser 3030 
into a complete automation cell. It can 
be controlled using the laser’s standard 
software, saving and processing different 
material types fully automatically. 

The PalletMaster Tower can be installed 
in as little as a week and is designed 
for sheet formats of up to 3 x 1.5 m and 
sheet thicknesses of 0.8 - 25 mm; and 
can carry from 6 to 20 pallets. Since all 
sheets and cut panels are on separate 
pallets, even sensitive materials are safe 
from scratches. 
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com 

Two machines from MACH 2010
Wood-burning stove manufacturer and 
vitreous enamellers, A J Wells & Sons 
Ltd from the Isle of Wight ordered 
and took delivery of two machines 
directly from the Mach 2010 exhibi-
tion, a Bystronic Byspeed 3015 4.4 kW 
Laser cutting machine together and a 
Bystronic Xpert pressbrake.

The purchase comes at a time when 
the company has seen record growth 
in sales of their ‘Charnwood’ wood-
burning stoves. Investment in the latest 
technology became essential in order to 
increase production and meet demand.

The Byspeed machine can cut holes at 
up to 600 holes per minute and cut up 
to 2 5mm material if necessary. A J Wells 
specifically ordered the machine with the 
automatic nozzle changer that was being 
demonstrated for the first time in the 
UK at the MACH exhibition. The nozzle 
changer, together with single head cut-
ting technology, allows materials of vari-
ous gauges to be cut without down time 
and in lights out situations. 

Using this system, up to 40 nozzles can 
be exchanged within 15 seconds with-
out any manual action being necessary. 
The user benefits through the greater 
autonomy of the laser cutting system, 

since fewer operator interventions are 
required. And since the optimal nozzle 
is automatically selected for every cut-
ting plan, the flexibility is increased and 
the process reliability and the quality of 
the parts are improved. Furthermore, a 
monitoring function ensures trouble-free 
nozzle changing. A J Wells' intention 
is that the laser machine will be com-
plemented with a Material tower store, 
allowing up to 75 Tonnes of material to 
be stored, automatically loaded into the 
machine and then fed back cut for stor-
age or unloaded for use.

The increase in cutting capacity has 
been supplemented by the installation 
of the Xpert Pressbrake. Operations 
Director Guy Wells commented, "the 
Bystronics automatic sheet lifting facil-
ity and its improved accuracy over other 
machines helped make the decision that 
this was the correct machine for our 
company. The speed and efficiency at 
which it worked was also a deciding fac-
tor in our choice. 
Contact: David Larcombe 
E: david.larcombe@bystronic.com

Sirius with mid-level automation system
Sirius 3015 Plus is the automation-ready 
flying optics CO2 laser cutting system from 
LVD that combines a dynamic machine 
with high laser beam quality for consist-
ently accurate laser processing, and is 
optimized with additional features and 
automation capabilities. As a standard unit, 
it features a 3 x 1.5 m integrated shuttle 
tables.
At EuroBLECH it was shown with a 10-pal-
let Compact Tower (CT) system. This is an 
affordable, mid-level automation solution, 
the CT providing full capabilities for loading 
and unloading, featuring a shelving unit for 
storing raw material and finished parts.
Contact:  Chris Phillips 
E: c.phillips@lvduk.com

Amada fibre laser cutting machine
The world’s largest machine tool manu-
facturer, Amada, preview its brand 
new 4 kW fibre optic laser cutter at the 
EuroBLECH 2010. This eagerly antici-
pated, next-generation machine claimed 
to be the first fibre laser oscillator with 
output as high as 4kW.
Named FOL-F, the machine offers linear 
drives and a high speed cutting head to 
provide the world’s fastest processing 
speeds, along with new levels of energy 
saving features and machine intelli-
gence. The first models are expected to 
be available for delivery in June 2011. 
The FOL-F fibre laser can process mate-
rials that are seen as difficult to work 
using conventional CO2 laser technol-
ogy, such as copper, brass, titanium and 
non-metals. The machine’s innovative 
software can automatically configure the 
optimum processing conditions for these 
and all other materials.
Speed is the key attribute of Amada’s 
FOL-F laser. A high quality laser beam 
with long focal depth at a wavelength 
of 1 µm allows ultra high processing 
speeds – up to three times faster on 
stainless steel and aluminium sheet in 
comparison with CO2 e.g. 60 m/min for 
1 mm thick stainless steel sheet

Extensive R&D
Amada has been evaluating laser cutting 
technology based on commercially pro-
duced fibre laser oscillators since 2005, 
investing some ¥1.5 billion in the proc-
ess, and the results are clear to see. For 
example, the machine’s ‘green’ creden-
tials include: the elimination of machine 
warm-up; no requirement for laser gas; 
no requirement for consumables such as 
reflecting mirrors; 70 per cent less run-
ning costs compared to CO2; and signifi-
cant reduction in carbon footprint.
Amada is estimating first year sales of 50 
Fibre Laser machines in line with indus-
try growth figures. Metal processing is 
one of the largest industrial markets for 
lasers, with fibre lasers gaining significant 
traction in recent years. Industry analyst 
Strategies Unlimited estimates that the 
laser market for kW materials processing 
will grow to more than $1 billion by 2013.
Contact: Cathryn Morris 
E:  info@amada.co.uk
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Sixth Bystronic Laser cutting machine 
for Advanced Engineering Techniques
AET, based in Sheffield, provide a sub 
contract engineering service for various 
customers as well as a range of profes-
sional grass care equipment of their own 
design. They specialise in being able to 
offer a complete service from design to 
manufacture of both machined laser cut 
and welded components through to fin-
ished assemblies. The company has had 
a long association with Bystronic, having 
used both their pressbrakes and laser 
machines since the early 90's.

AET's most recent purchase was for a 
6 kW Bystar with a 4 x 2.5 m bed and 
a rotary axis, for tube cutting as well as 
flat plate cutting up to 25 mm capacity. 
The cutting performance of the 6 kW 
resonator provides considerable cutting 
speed advantages over Bystronic's 4 KW 
machine. The flexibility of the Bystar 
design has been well proven over the 
years and many of the components that 
we can cut on this machine, such as 
large box sections, could not be cut on 
AET's other laser cutting machines."

Contact: David Larcombe 
E: david.larcombe@bystronic.com

SPI Lasers has successfully completed 
a comprehensive programme to extend 
the range of validation of its redPOWER 
“R4” CW/M fibre laser products for 
incorporation against the relevant EN 
standards covering EMC, Electrical 
Safety, Laser Safety and Safety Related 
Parts of Control Systems.  

As a result of this work, with effect from 
1st July 2010, SPI have applied the CE 
mark to the full range of the redPOWER 
“R4” CW/M fibre laser products, indicat-
ing compliance of these products under 
the Low Voltage Directive 2006/95/EC 
& the Electromagnetic Compatibility 
Directive 2004/108/EC. 

SPI Lasers also offer a wide range of 
redENERGY “G3” pulsed fibre laser 
products; these have been enhanced to 
meet the range of EN standards cover-
ing EMC and Electrical Safety. Hence 
with effect from 1st August 2010, SPI 
will apply the CE Mark to the full range 
of redENERGY “G3” pulsed fibre laser 
products under the Electromagnetic 
Compatibility Directive 2004/108/EC.

There are many benefits from apply-
ing a CE mark to a product, but most 
significantly it will facilitate SPI Lasers’ 
customers in certifying their own sys-
tems. In addition, the CE mark indicates 
that products have been designed to 
high standards and whilst its scope 
centres around European standards it 
has, for the redPOWER "R4" products, 
also been extended to include the “CB” 
rating for corresponding requirements 
under US standards and other interna-
tional standards.

David Parker, CEO of SPI Lasers com-
mented that applying the CE mark is 
an important differentiator for our cus-
tomers. It facilitates customers seeking 
compliance standards for their own 
systems and indicates that products 
have been designed to high standards. 
We are extremely pleased to be able to 
offer products that will now carry the CE 
mark”. 
Contact: John Tinson 
E: john.tinson@spilasers.com

Rofin has intro-
duced a new laser 
series for high-
speed micro mate-
rial processing, 
with a special focus 
on photovoltaic 
manufacturing. 

The PowerLine L series are q-switched 
solid state lasers specifically designed 
for micro material processing applica-
tions that require high average power 
and high pulse energy. Examples include 
thin film removal on glass and flexible 
materials, ablation of dielectric layers, 
silicon processing together with drilling 
and cutting operations. 

In the 1064 nm class, the PowerLine L 
300 completes Rofin‘s laser range for 
edge deletion applications. Compared 
to Rofin‘s DQ series, which offers 500 to 
1000 W, the PowerLine L 300 features 
more than 200 W laser power at 10 KHz 
with smaller optical fibres and, impor-
tantly, an optimised 400 μm square fibre. 

Solar cell manufacturing is a major laser 
materials micro-processing application 
and the PowerLine L is the optimum 
laser source for large scale production. 
Selective opening of dielectric layers 

and direct laser doping currently draw 
a lot of interest in crystalline solar cell 
manufacturing. Various research projects 
addressing both applications has already 
proven the suitability of the frequency-
doubled PowerLine L 100 SHG for large 
scale production. The 532 nm output 
shows the desired near-surface absorp-
tion in silicon and with optimized fibres a 
top-hat beam profile can be realized that 
provides a homogenous energy distribu-
tion within the entire laser spot area. 

The PowerLine L series lasers are effi-
ciently diode pumped and designed to 
be reliable within an industrial environ-
ment and 24/7 operation. The PowerLine 
L 100 SHG uses a high performance 
SHG assembly with harmonic genera-
tor crystal for frequency conversion. 
Q-switching makes peak pulse perform-
ances possible that are 1000 times high-
er than the cw laser power. Standard 
configuration includes a fibre delivery to 
the processing head. Optional acces-
sories being offered include fibre out-
coupling and scan head assemblies 
supporting scan speeds of > 10 m/sec 
at unmatched precision.
Contact: Dave MacLellan 
E:  sales@rofin-baasel.co.uk

Laser marking Delrin for traceability
Polyoxymethylene, 
also known as acetal 
resin and sold under 
the trade name 
Delrin®, is eas-
ily moulded to form a 
variety of products. In 
this example, the injec-
tion-moulded Delrin is 
shaped to encase a 
Light Emitting Diode 
(LED) and marked with a Synrad CO2 laser 
and scanning optics. 
Contact:  Gary Broadhead 
E: garyb@laserlines.co.uk

Micro-processing
Rofin’s PowerLine L series designed for high-speed  

micro material processing

Marking 
SPI Lasers declares CE Marking of pulsed and CW/M system products

Andy Richards of AET shaking hands with 
Bystronic UK Managing Director David Larcombe 
after the opening ceremony of Bystronic UK's 
new Coventry Facility. The Swiss cow bell was 
presented to Bystronic UK by Bystronic group 
CEO and President Mr Ferdi Töngi who during 
the ceremony suggested it should be rung every 
time a new machine was ordered. Mr Richards 
was the first customer to ring the bell!

A 0.5 mm high text 
string marked using a 
6 W of CW CO2 laser 
beam at 400 mm/s
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Stent cutting system uses a fs laser 
Manufacturing medical devices from 
fine tube stock typically relies on laser 
fusion cutting with laser pulse widths in 
the microsecond time scale. Even with 
an optimum setup this cutting proc-
ess is not completely free from burrs 
and recast inside the tube, requiring 
post-processing by ultrasound polish-
ing on stainless steel and CoCr. The 
shape memory alloy nitinol can, in 
certain instances, be prone to chemi-
cal and mechanical damage during 
post-processing. With femtosecond 
lasers however, the only post-processing 
required is simple ultrasonic cleaning. 
This improves post-processing efficiency 
significantly, in particular with such sen-
sitive materials. 

Bio-absorbable 
stents are at the 
heart of numer-
ous research and 
development activi-
ties. But the use 
of bio-absorbable 
polymers such as 
polylactic acid and 
polyglycolic acid 
has suffered due 
to their low melting points which makes 
them very difficult to machine with tra-
ditional cutting lasers, the resultant heat 
affected zone causing an unacceptable 
cut quality. By contrast, femtosecond 
lasers have already achieved excellent 
results with vascular stents showing per-
fect high-precision edge quality. 

The StarCut Tube Femto is one of the 
first to offer cold laser cutting for medi-
cal device manufacturing. It integrates 
an innovative, compact laser source with 
field-proven high reliability and long-term 
stability - properties which are essential 
for industrial manufacturing, but until 
now have been hard to find in ultra-fast 
laser sources. Its mechanics have been 
adapted to the specific requirements for 
handling thin-walled, mechanically fragile 
semi-finished products. The first of these 
systems are already installed and work-
ing at customer sites. 
Contact: Dave MacLellan 
E: sales@rofin-baasel.co.uk

Selective soft soldering using high 
power diode lasers
Attributes such as the ability to quickly 
modulate laser power, coupled with 
non-contact temperature measurement, 
have led to the increasing use of high 
power diode lasers for selective soft sol-
dering operations. Typical applications 
now include intricate tasks on electronic 
components and fragile solar cells.

Traditional soldering technologies can 
pose problems when applied to delicate 
or temperature sensitive parts. Using the 
laser process, solder can be presented 
by an automated solder wire feed sys-
tem or in the form of solder paste or pre-
tinned contacts. Process control in laser 
soldering is achieved using a pyrometer, 
which also serves as a reliable quality 
monitor to provide consistent and pre-
dictable results. 

In addition to the many advantages that 
they bring to the electronic manufactur-
ing sector, diode lasers also have all 
of the properties necessary for laser 
soldering and contacting on thin film 
solar cells. The solder joints, which can 
be achieved by using cw diode lasers, 
cover several square millimetres. 

Usually Si solar cells are interconnected 
to strings which in turn are laminated 
into the modules. This process requires 
subsequent handling with additional 
equipment for these long and fragile 
strings. Using a laser and galvo-scanner 
combination however, the string handling 
can be completely eliminated by solder-
ing directly through the laminate layers 
without the need to move the optics or 
the cell. The front and rear sides of the 
PV module are transparent to laser radi-
ation. Soldering can therefore be done 
either before or after lamination. 

With regard to peel force and contact 
resistance, the quality of the laser sol-
dered joints exceeds that of other con-
tacting technologies. The peel force is 
higher by a factor of 3, whereas the ther-
mal resistance is only about 14 % of the 
contact solder joint.
Contact:  Dave MacLellan 
E: sales@rofin-baasel.co.uk

The mFab3D for cost-effective 3-D 
micro-fabrication of microstructures 
Teem Photonics, world leader in pas-
sively Q-switched microchip lasers, has 
lauched its new 3D Micro Fabrication 
Module the mFab3D, allowing the reali-
sation of polymer, protein, metal or other 
biomaterial microstructures.

The mFab3D is a novel laser accessory 
using Two-Photon Absorption (TPA) 
from a 532 nm Microchip laser to build 
micro-objects in polymer, proteins or 
noble metals with confocal microscopy 
resolution. These microscopic structures 
are realised as a result of a high defini-
tion photochemical process initiated at 
the focal point of a laser and resolution 
(voxel size) down to 200 nm is achiev-
able. Driven by 3D scan files, the surface 
of these structures is laser generated 
using Teem Photonics’ unique and pat-
ented picosecond compact laser tech-
nology.

The mFab3D 
consists of 
a laser mod-
ule, sample 
module, 3D 
micro-fabrica-
tion software, 
a starting kit 
and inverted 
microscope. 
One of the key 
features of this 
system is the 
bespoke 3D 
micro-fabrication software, which offers 
a powerful 2D slicing method to provide 
much faster and more efficient fabrica-
tion. This software is capable of optimis-
ing the fabrication of complex shapes 
imported from standard 3D CAD files.

The laser is a compact 532 nm Nd: YAG 
Microlaser which is adapted to the 
microscope aperture and modulated 
with an acousto-optic modulator. 
1064 or 532 nm laser wavelengths are 
available at up to 40 kHz repetition rate 
and 0.5 ns pulse duration. The sample 
module offers piezo-electric nano-
positioning capabilities of 0-100 µm. 
Optional larger displacement piezo mod-
ules are available with up to 300 x 300 x 
300 µm displacement. 

Teem Photonics products are distrib-
uted in the UK and Ireland by Photonic 
Solutions. 
Contact: Doug Neilson 
E: douglas.neilson@photonicsolutions.co.uk

Soldering

Bio-absorbable 
polymers edges can be 
cut perfectly with high 
precision despite their 
low melting points and 
poor absorption
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Additive manufacture
AM machine set for dental laborato-
ries and jewellery manufacturers
A new additive manu-
facturing machine 
from Concept Laser, 
the Mlab, will be 
launched at the IDS 
exhibition centre in 
Cologne in 2011. 
Compact in size 
the Mlab has been 
designed for easy 
integration within the 
typical laboratory envi-
ronment and will be simple to operate.

The Mlab is designed with smaller size 
components in mind and has a build 
envelope of 80 x 80 x 80 mm, with the 
capability to build fully dense metallic 
parts in Stainless Steel, Cobalt-chrome 
and Precious metals, and is ideally 
suited to the dental and jewellery mar-
kets. It will allow these industries to 
seriously consider additive manufacture 
for custom components or short batch 
production. Systems currently available 
on the market are often not cost effec-
tive for small companies with limited 
funds for investment and to justify this 
level of expenditure, component parts 
manufactured on these systems could 
themselves be prohibitively expensive. 

When applied 
to applications 
in the medical 
implant and 
dental tech-
nology sec-
tors, additive 
manufacturing 
can produce components with micro-or 
macro-cellular structures that mimic the 
structure of human bone and thus com-
bine light weight with high mechanical 
load–bearing capacity. For applications 
within the jewellery sector the freedom 
which the process gives to designers 

allows complex 
filigree structures 
to be produced 
which would be 
difficult if not 
impossible to pro-
duce using tradi-
tional methods. 

The introduction of this new machine will 
make AM technology available across a 
greater and more diverse customer base.
Contact:  Colin Cater 
E: c.cater@estechnology.co.uk 

Versatility of the sealed CO2 laser
Cutting PETG Sheets
CO2 laser cut-
ting is ideally 
suited to PETG, 
as used to create 
blister packag-
ing, display units 
and bottles for 
many food and 
pharmaceutical 
products. PETG 
achieves a clean 
laser cut edge 
with no visible discoloration.
Cutting foil-coated paperboard
Milk and juice 
products can 
be stored in 
Paperboard, often 
with ultra-thin 
aluminium foil 
lamination and 
an inner layer of 
polyethylene. It 
can be laser cut 
exceptionally 
cleanly with very 
slight discoloration. 
Contact: Gary Broadhead 
E: garyb@laserlines.co.uk

Over the last year four students from 
Nottingham University's laser group 
completed their PhD’s in laser process-
ing: Nur Hussein, on direct metal 
deposition of Waspaloy; Said-Omar 
Al-Mashikhi on high brightness fibre 
laser cutting, Jongkol Iammi  on fibre 
laser welding of AISI 304 and Ti-6Al-4V; 
and Alexis Medrano Tellez on fibre laser 
metal deposition with wire.
The group is continuing research in cut-
ting, welding, deposition and surface 
treatment and was recently awarded an 
iNET grant for research into laser pre-
conditioning and repair of rails in 
conjunction with industry.
The most interesting laser-made 
components produced by the group 
over the last year have come from 
its additive manufacturing activities 
and include some intricate micro 
scaffolds and the titanium cylinder 
shown in figure 1 that took only 15 
minutes to build using a fibre laser 
running at 1-1.3 kW. Active tem-
perature control was used to keep 
the temperature in the deposition 
zone at 1850°C.

A similar tech-
nique was used 
to build the 
larger compo-
nent shown in 
figure 2, seen 
before and after 
machining. 
Academic and 
industrial work in this area of deposition 
has been ongoing in the Nottingham 
laser group since 2001. 
Contact: Janet Folkes 
E: janet.folkes@nottingham.ac.uk

University of Nottingham laser group
Research

15 minute titanium cylinder

Figure 2. Titanium component made by wire deposition 
with a fibre laser, shown immediately after manufacture and 
after post machining 

Laser cut 
headscalf 
from Janet 
Stoyel's 
'Faith and 
Fashion' 
exhibition 
held in the 
summer of 
2010

Major success for The Cloth Clinic
International recognition for AILU 
member The Cloth Clinic of Honiton 
in Devon and its founder Janet Stoyel 
MBE (see news, p1) has led to growing 
sales worldwide and includes a range of 
woven-metal fabrics and intricate lace 
designs in engineered synthetic materi-
als, with shapes cut by CO2 laser. This 
provides both intricate patterning and 
edge sealing, which prevents fraying. 
Contact: Janet Stoyel 
E: clothclinic@btinternet.com

Edge of cut in PETG using 
a Synrad Firestar laser at 
100 W, speed 1.9 m/min

100 µm thick foil/paper-
board composite tubes 
cut using 200 W at 10 m/
min with 2.8 bar assist gas
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Most people will remember their 21st 
birthday for one reason or another. After 
emerging from one of the most dramatic 
and deep hitting recessions ever to hit 
the manufacturing industry, Subcon 
Laser certainly will.

According to Tom Mongan, General 
Manager, the secret of Subcon Laser's 
survival and success has been their 
attention to customer service, "We have 
not adopted the superficial, sycophantic 
"have a nice day" attitude that prevails 
in a lot of companies, which means 
very little,: he said. "Good customer 
service is engrained into the company 
philosophy. 

The average length of current service of 
Subcon Laser employees is an astonish-
ing 12 years. The knowledge and under-
standing employees have of customer 
requirements has enabled the Nuneaton 
based company to become one of the 
largest independent laser cutting service 
companies in the United Kingdom.

Founded in 1989 by husband and 
wife team Bill & Christine Brown, who 
still spearhead the company, Subcon 

Laser Cutting has grown from a small 
unit, four employee enterprise on the 
Trident Business Park, to it's impres-
sive, modern manufacturing facility on 
the Bermuda Industrial Estate with a 
multi million pound turnover. During it's 
21 year journey it has also picked up 
numerous awards along the way, from 
"Small Business of the Year" to "Best 
Subcontractor" at the International 
Subcontracting Industry Awards at the 
NEC.

"But you do not last for 21 years in this 
industry by just offering exceptional cus-
tomer service and winning awards," said 
Tom. "Technical ability and specialist 
expertise is also very important." 

Subcon was started as a dedicated laser 
cutting company by its MD Bill Brown, 
who was himself a service engineer for 
a well know laser machine manufacturer. 
Tom continues "If you are not comfort-
able in what you are doing and the tech-
nology you are using then it will show 
and you end up letting your customer 
down, either in the service you offer or 
the product you supply." 

"There are quite a number of sheet metal 
companies and steel stockholders that 
have a laser cutting system, and who 
will have also sent their staff on the 
laser system manufacturer's obligatory 
2 week training course, but they will still 
fundamentally lack the experience and 
technical knowledge that 21 years of 
laser cutting all types of materials from 
wood to stainless steel, acrylic to armour 
plate can bring," concluded Tom.
Contact: Tom Mongan 
E: tmongan@subconlaser.co.uk
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Subcon Laser at the Cutting Edge for 21 years
Job shop

Some of Subcon’s staff outside their HQ in Nuneaton. 
Centre front are founders Bill and Christine Brown, 
and General Manager Tom Mongan
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With regard to your piece on ‘The use 
of laser grade steel by laser job shops’ 
in Issue 59, I would like to point out 
that Steel & Alloy Processing Ltd, sup-
pliers of Voestalpine Laser-Alform® 
have sold many hundreds of tonnes of 
Laser-Alform® S355MC in the UK, not 
only at 15 to 20 mm thick where suc-
cessful laser cutting is more steel qual-
ity dependent, but also many tonnes to 
laser users at 5 to 12 mm thick. Could 
it be that our customers are serving a 
higher quality market than most?

Laser-Alform® is designed for laser 
cutting. It is high quality strip mill mate-
rial that features controlled metallurgy, 
thermo-mechanical rolling with a scale 
free blue finish and mill-based heavy duty 
decoiling. And because it is consistently 
good, companies with the ability to do 
"lights out" production can rely on Laser-
Alform® to perform with no defects. The 
cost / benefit of this is obvious.

If the job shops whose comments were 
reported in the article have never used 
Laser-Alform® we would strongly sug-
gest that they give it a try. No one who 
has bought it from us has had a tech-
nical problem of any sort; to date we 
have not had one single complaint to 
deal with. Also, with reference to one of 
the points made in the article, we have 
never had an instance of Laser-Alform® 
deteriorating after partial cutting. Indeed, 
we have some customers who say that 
they can use only Laser-Alform® to 
produce their part having tried all the 
other brands. Laser-Alform® is a very 
consistently high quality product. This 
underlines our point that not all mate-
rial marketed as "Laserplate" is actually 
what is says it is.

Steve Adey  
Steel & Alloy Processing Ltd, West 
Bromwich
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EDITORIAL

Laser Markets in Japan
The latest addition to the AILU library in 
the members' area of the AILU website 
is a presentation on Laser Markets in 
Japan, by Kunihiko Washio (Paradigm 
Laser Research Ltd, Japan) given at the 
AKL’10 Conference in Aachen in May 
this year. 
The statistics presented provide a fasci-
nating insight into the Japanese market 
and are in sharp contrast to the lack of 
detailed information available for the UK.
To view this and other strategy docu-
ments log in at www.ailu.org.uk and 
select documents (then strategy) from 
the Image and Document Library.

I copied down the above statement by 
Bang Mikleson during a presentation he 
made at an AILU workshop in November 
1999 at GSI Lumonics, Rugby. I've hung 
onto it ever since looking for an oppor-
tunity to include it in a future issue of the 
AILU magazine. Now, in this 15th anni-
versary issue, I think it's time.

Bang Mikleson was responsible for 
the installation of the first laser weld-
ing machine at Grundfos, a world-
leading pump manufacturer based in 
Bjerringbro, Denmark. The machine 
used a Nd:YAG laser and was supplied 
by GSI Lumonics for automated orbital 
welding of stainless steel pumps.

By the time I met Bang at the AILU 
workshop in question the machine had 
achieved 100% weld reliability for 5 suc-
cessive years and Bang had become a 
laser evangelist. 

Readers to the 
magazine will I hope, 
already be aware of 
the planned ILAS 
conference AILU 
intend to hold on 
15th & 16th March 
next year. I would 
like to take this 
opportunity to tell 
you that plans for this are now well in 
hand and the conference programme 
will be available shortly. Sufficient qual-
ity abstracts were received to warrant 
12 sessions in a parallel format, over 
the two days. The event has a strong 
industrial orientation and presentations 
include practical as well as research 
papers. Included among the plenary 
speakers is Eckhard Beyer from the 
Fraunhofer IWS in Dresden, who will 
speak on ‘Innovation and invention with 
high brightness lasers’. I for one am 
looking forward to hearing this.

Of course, to make this event a suc-
cess, the speakers need an audience. 
Earlier this year I myself attended two 
short, laser related conferences in 
Germany: the first in Aachen and the 
second in Dresden. Both of these con-
ferences attracted audiences of over 
300 people. I would really hope we 
could get near to these figures here in 
the UK. After all, we still claim to be a 
major force in laser materials process-
ing research and development. 

I hope that all our readers will be avail-
able to attend the conference and I 
would also ask you to make as many 
people as possible aware of the event 
once Mike has produced the final 
details and made flyers available. 

Paul Hilton

PRESIDENT'S MESSAGE

Quote of the decade
Past AILU President Tim Weedon, who 
at the time oversaw the development 
and installation of the Grundfos machine, 
commented to me how interesting it was 
to watch the behaviour of users who 
are regularly successful in implementing 
projects. He went on:

1. Establish the absolute best that can 
be achieved under ‘lab’ conditions.  
‘Best’ may be in terms of feed rate 
or penetration or gas consumption or 
whatever.

2. Calibrate the variability of their real-
world, for example the variations 
of a robot’s feed rate from the pro-
grammed value or the variation in 
composition of the parts.

3. Back-off from the absolute best to a 
position that copes with the deter-
mined variability and allows a little 
margin for the unexpected.

4. Thoroughly explore the process win-
dow to ensure that its boundaries 
are known and that it encloses all the 
predictable production spread.

He added to me that he didn't know 
whether Mr Bang Mikkelsen followed 
this process but he imagined that some-
thing similar must have happened at 
Grundfos. 

I would like to acknowledge the help of 
Tim and of Keith Withnall in providing 
the background materials for this piece. 

Mike Green, Editor

"Manufacturers must not be scared 
of using lasers. They bring so many 
benefits, but the technology can be 
hard to implement. 

"First you have to change the design 
culture; this is the easy bit. Then you 
have to change the manufacturing 
culture to achieve 100% reliability. 
This is hard for engineers who are 
used to settling for less and throw-
ing away rejects." 

Jorgen Bang Mikleson, Nov. 1999 
Grundfos, Denmark.

Letter to the Editor
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The image shows the structure of a 
typical medical stent. This example 
was cut with a 100 W single mode fibre 
SPI laser.  

The unparalleled beam quality and 
pulse control of a single mode fibre 
laser enables highly detailed fine cut-
ting with minimal heat affected  zone 
and superior edge quality. Fibre laser 
cutting of stents provides a non-con-
tact cutting solution which can achieve 
10 µm kerf width in 2 mm diameter 
stent tubes with 0.2 mm wall thickness.

This item was manufactured using an 
SPI fibre laser and submitted by Louise 
Partridge of SPI Laser UK Ltd.

For further information contact: 

E: louise.partridge@spilasers.com 
T: + 44 1489 779696

Most GORGEOUS PART

'Laser' has become an iconic acro-
nym, and in this 50th anniversary year 
of its first operation in the world it 
needs no explanation, but where did it 
come from?

Albert Einstein postulated stimulated 
emission and the laser's microwave 
predecessor, the maser, in the paper 
“Quantum Theory of Radiation” in 1917. 
It was three years before this that Aston 
Martin, maker of the iconic James Bond 
car, was formed; and for me and prob-
ably the majority of the world it was 
James Bond about to be cut in half by 
a red beam of light that made the link 
between the laser and the "space death 
ray”.

The first publication to coin the term 
"Laser" was a conference paper 
given by Gordon Gould, a Columbian 
University graduate student working on 
his doctoral thesis, in 1959. The term 
was an acronym for Light Amplification 
by Stimulated Emission of Radiation. 
Gould’s notes included possible applica-
tions for a laser, such as spectrometry, 
interferometry, radar, and nuclear fusion.  
The history of the laser is littered with 
law suits, and it was not until 1987 that 
Gordon Gould won his first significant 
patent lawsuit victory, forcing the US 
Patent Office to issue patents to Gould 
for optically pumped and gas discharge 
laser devices. It may be unjustified to 
site one person as the father of the laser, 
but popular history acknowledges that, 
standing on the shoulders of giants, 
Theodore Maiman on 16 May 1960 first 
demonstrated a functioning laser at the 
Hughes Research Laboratories capable 
of producing short pulses.

Later in 1960, Iranian physicist Ali Javan, 
William R Bennett, and Donald Herriot 
constructed the first device capable of 
continuous operation, a helium and neon 
laser. In 1962 Robert N Hall showed the 
first infrared laser diode device, made of 
gallium arsenide, and later that year Nick 
Holonyak demonstrated the first semi-
conductor laser with a visible emission. 

The introduction of the laser to industry 
began in 1961 when Trion Instruments, 
the first commercial laser company, was 
founded. 1964 saw a demonstration, 
at Spectra-Physics, of the first laser 
holograms, and a ruby laser range-
finder/ceilometer at Cornell Aeronautical 
Laboratory, with applications in military, 
surveying and the construction industry.

In 1966 James 
Hobart founded the 
first commercial 
CO2 laser company, 
Coherent Radiation 
and the rest as they 
say is history, apart 
from GM Delco in 
1969 with the first 
industrial installation 
of three lasers for an automobile appli-
cation.

The application of lasers in everyday 
items (e.g. DVD players, pointers, tel-
ephone systems, bar code scanners) are 
now well known to the public and indus-
try, but this was not always the case.

In the UK the Make It With Lasers tech-
nology transfer programme was estab-
lished in 1989 to assist the introduction 
of lasers into industry, and in 1995 AILU 
was formed, to support the growing 
industrial laser community. 

The laser and the science of optoelec-
tronics have come a long way in the last 
50 years, from the ruby laser with a limit-
ed pulse energy and the label “a solution 
looking for a problem” to the 10 Peta 
Watt laser that potentially offers unlim-
ited fusion power: a tiny step for one 
man, but a giant leap for technology. 

My limited experience in using lasers as 
a tool for the 21st centenary is restricted 
to the cutting of stents in the medical 
industry, using YAG, fibre and Pico sys-
tems to enable medical practitioners to 
treat large numbers of coronary heart 
patients. But, as I'm sure other readers 
will identify with, this doesn't limit my 
fascination with other laser develop-
ments, their applications and the prob-
lems still waiting to be solved. 

Increasingly, lasers are key to helping 
science fiction become science fact: 
'entangled' photons suggest the feasibil-
ity of teleportation and plasmonics the 
invisibility cloak. Meanwhile, X-ray and 
Atto second pulse lasers are providing 
a deeper understanding of the quantum 
world, the properties of carbon nano 
tubes and the real time dynamics of high 
efficiency chemical and solar energy 
conversion. 

What about the next 50 years? I will 
be watching Dr Who, reading science 
journals and wondering just how far the 
laser, as key tool for the 21st century, 
will take mankind into the future.

A brief history of the laser as a tool in the 21st century

Light reflections by Alan Boor, Swiss Tec

Poster for the launch of AILU 
1st November 1995

Further nostalgia on the page 36.
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How well did your degree in Physics in 
2007 prepare you for your initial face-to 
face-meetings with industrial laser users 
since joining II-VI?

Having a Physics degree certainly 
helped me understand the requirements 
of our OEM customers as there is much 
more of a design/understanding of the 
core physics elements involved. With 
end-users, especially laser job shops, 
it’s valuable to have an understanding 
of the physics of the processes in order 
to present a slightly less technical or 
anecdotal overview. To be honest, the 
best way to learn and get involved in 
this industry is to be thrown in the deep 
end!

What impressions of the industrial laser 
community at work have you formed in 
your time since leaving university?

The industrial laser community in the 
UK certainly seems to be a close knit 
group. I’ve attended a couple of job 
shop group AILU meetings since being 
at II-VI and was surprised to find compa-
nies that would be competitors 364 days 
of the year collaborating and sharing 
ideas. Consistent with this impression, 
I often find when I visit customers that 
they all seem very aware of what others 
in the local area are doing; I  also find 
that there are familiar names and faces 
that crop up on a daily basis. I think it’s 
healthy that there is such good commu-
nication throughout the community.

In the current economic climate how 
confident do you feel about starting your 
career in a company strongly linked to 
laser technology?

I would certainly have been concerned if 
I’d have begun work in October 2008! As 
an industrial spares supplier, we suffered 
from a de-stocking effect during which, 
while customers used up their stocks, 
our level of business dropped dramati-
cally. However, UK manufacturing did not 
stop altogether and since January of this 
year, we have seen consistent growth 
– this is a feeling echoed by the majority 
of our customers.

I’m confident now that there’s still plenty 
more scope for CO2 lasers in the UK 
market. Compared with engineering 
companies in some other countries 
around the world, there still seem to be 
many in the UK with plenty of scope to 
adopt laser technology or at least to uti-
lise it more fully.

If you had the job of enthusing a class of 
school leavers on the subject of indus-
trial laser technology and applications, 
which topics would you choose?

For me, sheet metal cutting is a fascinat-
ing application. At university I was used 
to making diffraction patterns with a 
5 mW HeNe laser. All of a sudden I find 
myself with companies cutting metal 
using lasers with 6 kW of power! It’s also 
fascinating to see a direct application 
of theory; such as how polarisation, a 
seemingly abstract idea, can have such  
a direct impact on cut quality.

Laser marking is also a quite entertain-
ing process to watch. Telling a 16 year 
old that the back of their iPod, their 
computer keyboard and the keypad on 
their mobile phone are all laser marked 
is always greeted by a flurry of questions 
and interest.

In general, attendance at meetings, 
including exhibitions and workshops in 
the UK, are falling. At least part of the 
answer appears to be a shortage of 
available time. Would you like to see a 
more radical approach to achieving the 
aims of these sorts of events?

Certainly exhibition attendance is fall-
ing. When we recently exhibited at 
MACH 2010 I thought the attendance, 
by both exhibitors and visitors, was poor 
compared to 2008 and there seemed 
far fewer laser OEM’s this time around. I 
think this is due to that fact that whereas 
historically the main aim of an exhibition 
was to visit the equipment manufacturer 
and find out information, this can now 
be done largely through the internet. 
Much of what can be accomplished 
in a full day at an exhibition can now 
be achieved in half an hour’s careful 

research on the web. That said, face-
to-face communication remains vital, so 
the scope of meetings, exhibitions and 
workshops should concentrate on this, 
and not on things that can be gleaned 
by browsing the internet.

What major trends and developments 
should we be looking out for in industrial 
laser optics?

With the advent of high power fibre 
lasers we’ve been looking at the alter-
natives to standard glass optics that 
have been traditionally used in the 
1 µm wavelength region. We’ve now 
developed a range of Multi-spectral 
Zinc Sulphide optics to cater for this 
market that have both a much bet-
ter thermal conductivity and a higher 
refractive index than glass optics. As a 
consequence, more gradual curves can 
be used on lens surfaces and one can 
sometimes replace a multi-element glass 
optic with a single ZnS (MS) optic. We 
have significant experience in diamond 
turning this material to produce custom 
aspheric surfaces for customer specific 
applications.

The industrial laser community could be 
considered to be made up of product 
and service providers, researchers, laser 
job shops and those who use lasers for 
in-house manufacture. In your experi-
ence, how well do these groups work 
together?

It’s a necessity that the product/service 
providers work closely with end-users in 
order to provide proper technical sup-
port and develop a long-term relation-
ship. However, for users in manufactur-
ing a laser is just a tool, for which the 
only interest is usually productivity and 
process quality. 

Researchers on the other hand seem 
to be driven either by publications or, in 
industrial research,  keeping as much 
under their hats as possible. Not surpris-
ingly, there seems to be little communi-
cation between these groups. 

First impressions on the UK laser community
Interview with Andy Waterhouse

The newest member of II-VI UK and the AILU Committee takes a fresh look at laser users.
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SHARP OPINION 

I'm writing this in California, at 
the ICALEO 2010 conference in 
Anaheim. A week ago I wasn’t 
expecting to attend, but am here 
courtesy of GSI Group, who needed 
someone to step in for Mo Naeem, 
whose skills and experience are in 
great demand In the far east. I've got 
four papers to present, three writ-
ten by Mo and his colleagues, and 
one jointly written with my colleague 
Paul French. Two presented so far, 
both seem to have gone well.

This is my first ICALEO conference, in 
fact it's the first time I have been to 
America! And after many hours of fly-
ing and even more hours spent queu-
ing for security and immigration, it has 
been a real pleasure to meet some old 
friends and colleagues, put faces to 
names and make new contacts.

It's been twenty years since I worked 
at (GSI) Lumonics with Tony Hoult, and 
while sitting having lunch with him, it 
could as easily have been the canteen 
back in Rugby; except that in Rugby it 
wouldn’t have been 110°F outside! 

There is good UK representa-
tion at ICALEO, with papers from 
us, Liverpool, Manchester, TWI, 
Cambridge, Cranfield, Loughborough 
and Heriot-Watt universities; GSI and 
SPI Lasers. Their stands in the ven-
dors exhibition were busy, as was 
Fianium's.

Bill O’Neill led the president’s night 
quiz and was one of five panel mem-
bers on a Business Forum looking 
towards the future of our industry. A 
striking fact that Bill produced was that 
the US and UK are both net export-
ers of Intellectual Property (IP). At the 
same time we are net importers of all 
the consumer goods associated with 
our quality of life. Net importers of IP 
included China and Germany. 

I guess I should have been less sur-
prised with this than I was; after all, 
we are now often described as being a 
knowledge economy. This is supposed 
to be a good thing for the UK, but as 
Bill pointed out, the money that arises 

from the export of IP does not cre-
ate factories and jobs here in the UK. 
Instead these factories are being built 
in the countries that export to us. This 
concerns me and speaking to some 
of our American friends it seems that 
they are becoming increasingly worried 
about this too; with IP going south to 
Mexico and Brazil, to be used in facto-
ries producing goods that are imported 
back into the US.

As a percentage of total economic 
output, manufacturing in the UK is still 
in decline; added to which the produc-
tivity of the manufacturing that does 
take place of UK is increasing. Taken 
together it spells bad news for those 
seeking jobs in manufacturing and 
does nothing to encourage the sort of 
real invention and innovation that can 
arise in the proximity of a manufactur-
ing operation. 

By the same token, the decline in UK-
based manufacturing has reduced the 
demand for innovation and improve-
ments in manufacturing technology, 
the main driver for research and devel-
opment in areas such as materials 
processing, especially at the higher 
Technology Readiness Levels. 

Examples in laser materials process-
ing include the fall in demand for laser 
research in the UK in areas such as 
heavy section welding, surface treat-
ment and cladding. It may also explain 
the increasing separation of the laser 
processing community from the com-
munity of metallurgists and materials 
scientists, which I felt very much a part 
of when I was doing my PhD.

I think that the contributions at this 
year's ICALEO confirm that the UK 
is still an important force in Laser 
Materials Processing R&D, in fibre laser 
sources in particular. However, with so 
many of the applications discussed at 
ICALEO being in industries without a 
significant manufacturing base in the 
UK, I do wonder how long this can be 
sustained.

Lament of knowledge economies
A series of personal 'opinions' on matters laser by 
Martin Sharp, an industrialist turned academic

E: m.sharp@ljmu.ac.uk

R&D Tax Credits 
Why don’t British Firms Take Advantage 
of R&D Tax Credits? The fact seems to 
be that millions of pounds of R&D Tax 
Credits each year are unclaimed and that 
nearly all manufacturing companies will 
be conducting some eligible R&D within 
their normal working practice.
The scheme is EU-wide and is appar-
ently taken up enthusiastically by other 
EU states. The take-up is low because 
accountants don’t have the resources to 
discover and analyse their clients quali-
fying activities under the special scheme, 
or so it is claimed by some financial 
organisations who are keen to help.
The Inland Revenue runs the scheme 
from seven dedicated units in the UK. 
The units are staffed by technical peo-
ple who will help. BUT it is imperative 
that applicants understand exactly 
what qualifies and will be allowed. 
Applications must be formal and well-
founded with the criteria. An audit trail 
must be established. On the plus side, 
up to two past years can be clawed 
back and the scheme is meant to oper-
ate year-on-year: not a one-off shot.
R&D Tax Credits is really a hybrid prod-
uct set between a grant and credits. It is 
a genuine scheme that can be accessed 
and vital funding unlocked whether the 
company make a trading profit or loss.
MCS Corporate, based in Kenilworth, are 
one of several the financial organisations 
that are keen to assist businesses claim 
tax rebates and credits. They supplied 
the above material for this magazine, 
AILU makes no particular recommenda-
tion, but their details are provided below. 
T: 01926 512 475
E: info@mcs-corporate.com
W: www.mcs-corporate.com
See also latest articles on the MCS-
Corporate.com blog. It covers a lot of 
information and  contains forms and 
questionnaires for return, for immediate 
response with evaluations and advice. 

WELCOME TO NEW  
CORPORATE MEMBERS

Jenks and Cattell Ltd

Litron Lasers Ltd

Tooling 2000 Ltd
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Perforation of food pack-
aging is often required for 
ease of removal. In this 
particular application, filled 
ice cream cones were 
packaged in a material 
that is made of 70-80 µm 
thick paper, coated with an 
approximately 20 µm thick 
layer of aluminium; and to 
facilitate opening of the 
package, the cone manu-
facturer needed to per-
forate through the paper 
layer while leaving the aluminium layer 
totally untouched. Preserving the alumin-
ium layer was necessary to maintain the 
mechanical stability of the package and 
avoid compromising its function as a bar-
rier to entry for moisture and oxygen.  

When first developing the perforation proc-
ess the manufacturer specified that any 
new method must meet 3 important crite-
ria. First, it must integrate into the existing 
production line, in which the packages 
pass by on a conveyor belt at a rate of 
three per second. Next, it must add very 
little unit cost to the product. Finally, the 
new process must not discolour the paper 
or produce any noticeable debris, since 
this would produce a negative customer 
perception of a food product.

The packaging producer concluded that 
no existing mechanical method could 
meet all these constraints. In particular, 
traditional paper cutting tooling could not 
operate at the required level of precision 
on a high speed conveyor belt. The com-
pany turned to laser systems developer 
Clean-Lasersysteme to create a solution.  

The laser solution
CO2 lasers have now become a critical 
enabling technology in performing high 
speed, precision package perforation for 

the packaging industry. 
The system developed 
for the ice cream cone 
manufacturer by Clean-
Lasersysteme interfaced 
a Coherent GEM-100 
laser with focusing optics 
and a two dimensional, 
galvanometer mirror 
based scanning system. 
The GEM-100 is normally 
run as a 100 W CW laser, 
but for this application it 
was pulse width modu-

lated with a 60 - 80% duty cycle in order 
to produce a dashed, rather than a con-
tinuous scribe on the product.  

Referring to the diagram, at the point of 
processing the paper is flat and triangular 
in shape. The laser cuts a smooth curved 
line, with two additional “help” lines at 
each end (to help start the tear in the 
right spot). The curved perforation then 
becomes a straight line after the paper is 
rolled into its final cone shape and glued. 

The conveyor belt speed was approxi-
mately 1 m/s and held constant. The 
scanners compensate for this motion and 
cut while the product is moving. Since 
laser power is fixed (only the duty cycle, 
and not the peak power of the laser is 
varied), scanning speed is really the only 
process variable. If cuts are too deep or 
too shallow, then scan speed is altered to 
re-optimize the process.  

Laser considerations
Clean-Lasersysteme selected a CO2 laser 
source for this application because its 
10.6 µm output is readily absorbed by 
paper and highly reflected by aluminium.  
This makes it simpler to cut completely 
through the paper layer while leaving the 
aluminium layer untouched. 

The additional laser requirements for this 
application, all of which the GEM-100 
laser satisfied, include: compact size to 
meet space considerations; power sta-
bility (±3%) within the process window; 
good mode quality and rapid pulse rise 
and fall times to eliminate side lobes and 
a long power tail, which would lead to 
charred edges.  

Frank Gaebler   Director of Marketing 
Coherent Inc.

It has to be LASER
This is the first of what will hopefully be many examples submitted by members of where 
laser technology provides the only practical means of manufacturing an item or feature. 
This issue's winner is Frank Gaebler of Coherent Inc for the use of lasers to solve a high 

speed package precision perforation problem for an ice cream cone manufacturer.

CO2 lasers enable high speed package perforation

New magazine feature
This 15th anniversary issue introduces a 
new piece: ‘It has to be laser’. Only AILU 
members can participate and the selec-
tion will be based on a mix of how well 
the laser case is made and its originality 
and commercial/practical benefit.  
The key laser-make part or feature does 
not necessarily have to have been made 
by the contributor. The case could relate 
to, for example, the hardness of the 
material, the importance of non-contact 
processing, speed, small scale or cost of 
manufacture.
All submissions will also be added to 
AILU’s Design for Laser Manufacture 
web site for additional exposure.

Main and helper perforation lines in ice cream 
cone packaging

NESTA: Rebalancing Act

NESTA, the National Endowment for 
Science, Technology and the Arts, is 
an independent body with a mission 
to make the UK more innovative. One 
of the newest of the many reports that 
are available free from their web site at 
www.nesta.org.uk is one on rebalancing 
the economy. 

The report addresses the question of 
what will take the place of the economic 
growth that for so long was provided 
by the UK's financial services sector. It 
acknowledges that this is a controversial 
subject, with some commentators advo-
cating a relentless focus on promoting 
manufacturing, and others insisting that 
financial and business services are the 
only areas in which the UK can prosper.

The report seeks to move the debate 
forward with data and analysis. It looks 
at a number of scenarios for a rebal-
anced economy, and asks two important 
questions: what is realistic, and what is 
desirable for the country. It highlights 
the vital role of innovation and high-tech 
industries in driving sustainable growth, 
and looks at what government can do 
with limited resources to make this hap-
pen. It is something that AILU members 
might want to take a look at. 

since they often include require-
ments regarding such issues as 
inspection and storage that might be 
OK for cars but totally inappropriate 
for laser machines.
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Greetings pop-pickers!
I think the general 
situation as far as job-
shops go has been 
approximately as fol-
lows:
Nov 09 – Feb 10:  
Winter of discontent (again)
March  – May: 
Green shoots of recovery (stimulated 
primarily by my birthday on the 6th of 
March).
April  –  October:  
What the hell’s going on?
The general conclusion is that engi-
neering is bad, but thank goodness 
I don’t work for my local council, a 
quango, a charity or anything that 
involves wearing a suit. In summary, 
it looks like we’ll all have start looking 
forward to my birthday again…
In the midst of all this doom and gloom 
AILU can offer all job shops a one day 
glimmer of better times to come in 
the form of the annual Jobshop meet-
ing. We imaginatively called this years 
‘AILU Jobshop 10’. It was held on the 
16th of November at the new Bystronic 
factory in Coventry. 
Last year we abandoned the traditional 
format and left the entire afternoon 
open for a general discussion session. 
This was so successful that we repeat-
ed it this year. The overall discussion 
topic was ‘new equipment – what to 
buy and when to buy it’. 
Leasing terms and conditions were 
of particular concern and there were 
enough horror stories on hand to 
underline the need for careful check-
ing. Equally important, we discussed 
when to get rid of your old machine.
Machine and gas suppliers both came 
in for much criticism; the former for 
the high cost of repairs and the latter 
for contractual sharp practices and the 
opaque way they present their costs. 
It was agreed there and then that in 
2011 we will conduct another gas cost 
survey.
Cheers
John Powell 
jpowell@laserexp.co.uk

Chairman's 
report

Cutting through the green fog
The Confederation of British 
Metalforming (CBM) has grown to repre-
sent nearly 200 companies in the metal-
forming sector, employing in excess of 
20,000 people and providing revenues 
of £2Bn per year. Although having been 
hit badly by the recession the sector has 
now recovered well with most business-
es reporting healthy growth on last year. 
The sheet metal sector now represents 
the largest membership group within 
the CBM, the number of companies has 
doubled in recent years and several of 
those are laser users either in house or 
laser job shops. 

The previous Government's Green ini-
tiatives have kept many trade associa-
tions busy advising members on how 
to comply with the latest burden placed 
on UK manufacturing, notably the 
Carbon Reduction Commitment (CRC). 
All companies with a half hourly meter 
have been required to register with the 
Environment Agency either as a full 
participant if over 6000 MWHr (approx 
£500k) per year or as a non partici-
pant but still required to complete an 
Information Disclosure. Over 15% of UK 
companies had still not complied at the 
deadline for registration.

The plethora of overlapping Green ini-
tiatives has led to both confusion and 
lack of clarity on the long term aims of 
both the current coalition and previous 
Government perception of our industry. 
Lobbying activity has been targeted at 
getting this legislation simplified and lift-
ing some of the metalforming companies 
out of the extra burdens imposed. The 
last ten years of Climate Change Levy 
on every unit of energy has driven CBM 
members to reduce energy consump-
tion significantly and to date an average 
of 20% reduction has been achieved 
through a variety of initiatives to improve 
energy efficiency, member companies 
on average spend £440k per year so any 
savings have been very welcome. 

Discouraging investment and exporting 
UK manufacturing to the other side of 
the world will do nothing to reduce the 
global emissions which are, allegedly, 
the fundamental reasons behind the 
‘Green Agenda’.

The metalforming sector is an essential 
innovative industry to help solve the dif-
ficult issues of climate change; we must 
change the Government’s perception 
and be seen not as part of the problem 
but as a central part of the solution.

John Houseman  Director General, CBM 
E: john.houseman@britishmetalforming.com

QUENSH accreditation
At Midtherm Laser we are about to pur-
sue full QUENSH complience for our ISO 
accreditations. QUENSH is an approach 
that will integrate all of our management 
systems, processes and routines into 
a cohesive and effective single Quality, 
Environmental and Health & Safety man-
agement system, with unified objectives 
covering:
QU – QUALITY 
BS EN ISO 9001 & AS 9100.
EN – ENVIRONMENT 
BS EN ISO 14001.
SH – SAFETY & HEALTH 
BS OHSAS 18001.

Why QUENSH Integration?
With the ever increasing emphasis and 
commercial pressure to improve in qual-
ity, environmental impact, safety  and 
health, an Integrated Management 
System and certification to a formal & 
internationally accredited QUENSH man-
agement system can play a big part in 
the success of a specialist flat bed laser 
cutting and folding company like ours. 

To help with the accreditation we 
engaged the Midlands-based consul-
tancy Initiative Quality & Safety Ltd. 
Initiative’s MD Mark Thompson com-
mented that “In today’s challenging 
commercial world, businesses holding 
multiple certifications are well advised 
to combine these standards into a one-
stop integrated QUENSH management 
system with unified objectives."

Our objective at Midtherm was to have a 
lean and cohesive QUENSH management 
system that would be simple and easy to 
follow and which would become integral 
to our business operation. What we have 
found is that, together with our Investors 
in People accreditation, the system has 
already reaped many internal benefits 
and efficiencies, which along with an 
excellent customers feedback has, we 
feel, given us a competitive edge.

In the face of increasing pressure to pre-
serve natural resources, our ISO 14001 
system provides us with a framework for 
continual improvement in monitoring and 
managing of resource use.

With the new enforceable legislation and 
the risks of possible litigation against 
Directors, we feel that the knowledge and 
assurance we will gain by implementing 
the QUENSH management system, and 
the reassurance it will give us that we are 
doing things properly, is priceless.

Dean Cockayne   Midtherm Laser Ltd 
E: dean@midthermlaser.co.uk
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The versatility and performance 
of the CO2 laser is in many 
ways quite unique. Invented in 

1963 by Kumar Patel whilst at AT&T 
Bell Labs, this laser has evolved 
through many diverse technological 
implementations, incorporating many 
different types of excitation technol-
ogy and optical resonator designs. 
The excellent review of the CO2 laser 
by Denis Hall [1] provides the basic 
physics of the laser and an historical 
perspective of this evolution.

The UK has played a major part in the 
research and early commercial develop-
ment of the CO2 laser, in particular of 
the kW-class CW version, the workhorse 
of industrial laser cutting and weld-
ing. As soon as the news of Patel's 
breakthrough was known a team was 
set up  at the Services and Electronics 
Research Laboratory (SERL) in Baldock 
and by 1966 a 200 W CW CO2 laser had 
been constructed and the next year a 
400 W version was in use at TWI for the 
first experiments on gas assisted laser 
cutting.

Figures A, B and E provide a succinct 
summary of TWI's key activities in the 
early days of mid-power CO2 laser 
processing and source development. It 
was after the last of these (the devel-
opment of a prototype 2 kW fast axial 
flow laser) that Martin Adams left the 
laser development team at TWI (all three 
of which were AILU Award winners in 
2000) to form Electrox with Don Bishop 
and commercial development began. In 
that same period both BOC and Daihen 
licensed fast axial flow technology and, 
some time later, Control Laser bought 
BOC's CO2 laser division.

Here I have pulled together some photo-
graphic records and informations of the 
early milestones in the hope that readers 
will see this article as work in progress, 
also one that celebrates the creativity of 
the research community while at the same 
time taking a lesson from the many exam-
ples of missed UK opportunities. 

One could argue that there are other sig-
nificant branches to the CO2 laser tree 
that have similarly strong roots in the UK. 
These include TEA laser developments 

First stab at the UK development of industrial CO2 lasers

Paul Hilton

Historical photographic records of CO2 laser milestones 
(A) 400 W laser constructed at SERL, 1966; (B) Cutting trials with a folded slow flow 800W laser 
developed at TWI, 1968; (C) Original SERL laser as erected at Ferranti, Dundee, to become the first slow 
flow laser at TWI in 1968; (D) David Dyson at Ferranti with an early MF400 laser, 1971; (E) Martin Adams 
with Prototype 2kW fast axial flow laser built at TWI, 1973; (F) Early production BOC fast axial flow CO2 
laser at Imperial College, 1983 (note scale, with operator in mid field); (G) CL5 5kW fast transverse flow 
developed at Culham Labs, UKAEA, 1987; (H) Ferranti CL10 at TWI, 1987.

B) 1968

C) 1968

E) 1973A) 1966

D) 1971

F) 1983

G) 1987

H) 1987
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(with their roots at SERL (Lamberton 
and Pearson)), the early work on e-beam 
lasers (again SERL (Lamberton, Pearson, 
and Wood)), dc excited waveguide 
lasers (with roots at SERL, Ferranti and 
RSRE) and the RF-excited waveguide 
CO2 laser work at Hull and Heriot-Watt 
universities, which led to the formation 
of Laser Applications Ltd (which became 
Coherent Hull, then Lumonics Hull and 
then Palomar Laser). 

We believe the information presented 
here is correct, but I very much hope 
that readers will feel free to add or correct 
the material with a view to producing an 
updated, more complete story for the CW 
CO2 laser and also expand the UK activity 
to cover the RF-excited waveguide CO2 
laser too. 
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CO2 Laser Memory Lane
1966 SERL (Services and Electronics 

Research Laboratory) in Baldock 
constructs a 200 W slow flow 
CO2 laser
A 400 W version (figure A) was 
offered to TWI in 1967 for the 
first experiments on gas assisted 
laser cutting.

1968 TWI develops a folded ver-
sion of the SERL laser with an 
800 W output. (Figure B)
Work began at TWI on fast 
axial flow technology for kW-
class lasers.

1968 Ferranti under Neil Forbes 
commercialises the SERL slow 
flow CO2 laser and makes 
it available to UK research 
organisations. (Figure C is 
believed to be the only existing 
photograph of this laser)

1970 Ferranti sell a slow flow CO2  
laser to BOC which was 
incorporated in a die cutting 
machine for William Thynes 
based in Edinburgh. This is 
possibly the first commercial 
application for a CO2 laser for 
dieboard cutting.

1971 Ferranti commercialise David 
Dyson’s design of the MF 400, 
with its novel ‘zig-zag’ multi-
fold design of discharge tubes. 
The first laser goes to Plascut 
in Rotherham. (Figure D)

1973 Prototype 2 kW fast axial flow 
laser built at TWI. (Figure E) by
Martin Adams, Derek Russell 
and Frank van Rompuy (win-
ners of the AILU Award 2000).  
(continued)

1973 (continued)  The TWI team use 
supersonic gas flow to pro-
duce a soft homogeneous dis-
charge capable of sustaining 
more power per unit volume of 
lasing medium than the slow 
flow laser.  
The laser was used to pro-
duce a deep penetration 
keyhole weld at a very similar 
time to work conducted in the 
USA. Neither of these pieces 
of work were published.

1973 
- 1983

Martin Adams left TWI to form 
Electrox with Don Bishop. 
BOC and Daihen licensed fast 
axial flow technology; some 
time later Control Laser bought 
out BOC's CO2 laser division. 
(Figure F shows a very early 
production model of BOC's CO2 
fast axial flow laser at Imperial 
College in 1983. Note the scale 
of the laser, with an operator in 
the mid-field.)

1985 Control Laser purchase BOC's 
CO2 laser division and install 
a 2 kW fast axial flow laser 
with one of the first 5 axis cut-
ting machines in the world at 
British Leyland in 1985. 

1987 AEA Culham develop a 5 kW 
transverse flow CO2 laser.  
(figure G shows CL5 5kW 
transverse flow CO2 laser with 
members of the development 
team just prior to moving 
the laser to an exhibition in 
Munich)

1987 Ferranti under Gordon 
Freeman licence Culham's 
transverse flow technology. 
Figure H shows the Ferranti 
CL10 10 kW laser at TWI, just 
after installation in 1987 See Observations p32

Industrial Laser Applications ILAS 2011
Birchwood Park, Warrington  15 & 16 March 2011

60+ papers, 3 plenary and 7 keynote  
presentations, running in 2 parallel sessions

The only UK-based conference devoted to  
industrial laser materials processing
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The generation of electricity using 
silicon photovoltaic (PV) solar 
cells is now well established and 

also increasingly important and wide-
spread [1]. As a result, improving their 
efficiency is a major area of research. 
The three main efficiency losses of 
these cells can be classified as opti-
cal, recombination and electrical; and 
of these three the optical losses are 
the most important to minimise. The 
main optical loss is the reflection of 
incident sunlight (30% light reflectivity 
for a bare Si substrate) and the most 
commonly used method of reducing 
this is to apply an anti-reflection coat-
ing. However, coatings are effective 
only over a limited wavelength range. 
An alternative technique involving 
surface micro-texturing of the cells [2] 
offers both the advantages of being 
essentially insensitive to wavelength 
and absorbing much of the first sur-
face reflection by angled surfaces 
[3]. This is illustrated in figure 1. 
The oblique coupling of light by the 
textured surface also results in the 
refracted light being absorbed closer 
to the p-n junction of the cell, which 
produces a more efficient conversion 
to electrical current [4-6]. 

Texturing techniques for silicon
A variety of techniques have been used 
to texture a solar cell’s surface. These 
include dry etching using chlorine trif-
luoride (ClF3) [7], reactive ion etching [5] 
and, in this paper, laser texturing. 

Unlike the etching process, laser tex-
turing works also with multi-crystalline 
silicon, which is considerably less costly 
than single-crystal silicon [8] and is used 
in half of the global photovoltaic pro-
duction [3].  A laser texturization tech-

nique proposed by Abbot and Cotter [9] 
includes an ablation process followed 
by two different etching solutions. A Q-
switched, Nd:YAG laser was employed 
to obtain a honeycomb pattern of coni-
cal pits and the etching removed any 
slag from the ablated pits, which can 
deteriorate electrical performance of the 
device. The technique described here is 
such a combination of laser texturing and 
chemical etching. 

Results
Pulsed laser irradiation of p-type single 
crystal Si <100>, Boron doped, with 
a resistivity of 1-10 W∙cm, was car-
ried out by means of a diode pumped 
Nd: YVO4 laser system (Laserval Violino, 
wavelength of l = 532 nm, pulse dura-
tion 8 ns, repetition rate 30 kHz) with a 
computer controlled 3 axis galvanometer 
beam scanner. The substrate surface 
was scanned by the laser beam having a 
spot diameter of 55 μm. 

Several trials at different scanning 
speeds and fluences were carried out 
in order to develop the structures that 
would give the lowest reflectivity. After 
various optimisation trials, it was found 
that a fluence of 2 Jcm-2, at a frequency 
of 30 kHz and scanning speed of 0.9 m/
s resulted in uniform micro-sized struc-
tures (diameter ~ 25 µm, hatch distance 
25 µm). This implied a processing rate 
of ~ 4.4 s.cm-2. Whilst a further increase 
in the number of passes resulted in an 
increased structure depth and subse-
quent decrease of reflectivity, it also 
raised the processing time and the 
amount of debris around the pits, which 
are undesirable for PV applications.

In order to remove the accumulated 
debris, an anisotropic etching solution 
of 30% KOH at 50°C was used [10]. 
After laser processing, the samples were 
immersed in the solution. The first effect 
observed was that the KOH unclogged 
and widened the pits. An immersion time 
of 10 minutes was found to be optimum 
for samples that have been processed 
with at least 10 scanning passes; if the 
samples are left in the solution for too 
long, the texturing disappears altogether. 

Structural investigation
With a fluence of only 2 Jcm-2, and with 
only 2 pulses per spot for a scanning 
speed of 0.9 m.s-1 and a frequency of 
30 kHz, a microscopic inspection after 
the first laser scan revealed a mixture 
of pits and bumps of tens of microns 
diameter. After 10 minutes exposure to 
30% KOH, the structures were widened 
and became flat. They also acquired a 
squared shape which can be related to 
the way in which KOH etches single-
crystal silicon in the <100> plane.  

By employing an optical profiler (Wyko 
NT1100), the 3D top view in figure 2 
shows the bumps and pits in a square 
array. After the KOH treatment, a rougher 
surface is formed; the pits are still visible 
but the bumps are not seen.     

By increasing the number of scans the 
texturing became more uniform and 

Figure 2. Optical profile images of the laser-
treated single crystal Si surface after the first 
scan, fluence of 2 J/cm2, scanning speed of 
0.9 m/s and hatch distance 30 μm (a) Before 
etching, showing pits and bumps; (b) after 10 
min exposure to a 30% KOH solution, revealing 
rougher surface (Ra = 30 μm).

SURFACE MICRO-TEXTURING

22

A photo-voltaic application for high speed micro-texturing

Ana Pena, Zengbo Wang, David Whitehead and Lin Li

Figure 1. Absorption of light on a silicon surface: 
(a) plane; and (b) micro-textured

incident light incident light
reflected 
light

reflected 
light

absorbed 
light absorbed light

a b
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deeper, as shown in figure 3. The deeper 
the pits, the lower the surface reflectivity. 
Also, reducing the hatch distance from 
30 to 25 µm produced a lower reflectiv-
ity. In all cases, post-process KOH etch-
ing became necessary to remove slag 
around the pits.

The etching process produced anisot-
ropy in the sidewalls of each pit, which 
was revealed by scanning electron 
microscope images. Figure 4 reveals 
the pronounced sidewalls and flatten-
ing, though with the greater number of 
scans the tip of the structures seems to 
have remained unaffected by the etch-
ing. The effect of this cleaning measure 
was not perceived for relatively shallow 
pits (< 20 pulses per spot or 10 scans), 
but for larger pits it was key in reveal-

ing the geometry of the 
structures. The bottom of 
the pits appeared more 
delimited, and their side-
walls were sharpened 
forming an angle with the 
surface. This combina-
tion of pits and pyramids 
offers a reduced reflec-
tivity.  

Etching time must be 
carefully controlled so no 
further flattening of the 
structures occurs: depth 
and structural geom-
etry of the features are 
equally essential for good 
light-trapping. 

Reflectivity Measurements
Reflectivity of the samples was meas-
ured by utilizing a spectrophotometer 
(Analytik Jena, SPECORD 250) with 
total integrating sphere. Results showed 
a considerable reduction of reflectiv-
ity after the first 10 scanning passes; 
after 40 passes the reflectivity reached 
its minimum of 9.8% (averaged over 
360-1100 nm spectrum). Further passes 
produced no additional improvement. 
Moreover, once KOH etching was used 
to clean and sharpen the pits sidewalls, 
a reflectivity value of 4.9% was obtained 
as it can be seen in figure 5. 

Conclusion
Contrary to wet-etching texturing in 
which pyramids are formed randomly, 
this investigation has shown that the 
spacing between structures can be 
readily controlled by the laser scanning 
speed, frequency and hatch distance. 
Also, it was found that the spacing 
between microstructures and even their 
shape can have a significant effect on 
reflectivity; however the depth of struc-
tures appears to be the most important 
factor for enhancing their light-trapping 
mechanism.
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Figure 4. SEM image images of the laser-treated 
single crystal Si surface, fluence of 2 J/cm2, 
scanning speed of 0.9 m/s and hatch distance 
of 25 μm, after 10 min exposure to a 30% KOH 
solution: (a) 10 passes; (b) 20 passes. 

Figure 3. Profile images of the laser-treated 
single crystal Si surface after 10 scans, fluence 
of 2 J/cm2, scanning speed of 0.9 m/s and hatch 
distance 30 μm after 10 min exposure to a 30% 
KOH solution. 

See Observations p32
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Figure 5. Reflectivity graphs for the 360-1100 nm spectra of samples 
processed at several passes of the laser-treated single crystal Si 
surface, fluence of 2 J/cm2, scanning speed of 0.9 m/s and hatch 
distance of 25 μm, after 10 min exposure to a 30% KOH solution.
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Laser beam shaping can provide 
significant benefits to a wide range 
of laser materials processing 

applications for example, laser transfor-
mation hardening [1], laser cladding [2] 
but also many others too numerous to 
list here.  Dynamic beam shaping gives 
further advantages which include ena-
bling rapid changes between different 
shapes, accommodation of non-ideal 
and varying starting beam shapes and 
compensation of imperfections in the 
beam shaping result. In this article we 
look at two approaches to dynamic 
beam shaping, the deformable mirror 
and the Spatial Light Modulator (SLM), 
and their application to laser materials 
processing.      

Deformable mirror
The application considered for the 
deformable mirror was to adaptively 
modify the non-uniform beam profile 
from a GSI Lumonics JK705 millisecond 
(ms) pulsed Nd:YAG laser for percussion 
hole drilling. This mirror is manufac-
tured by OKO Technologies and uses a 
dielectric coating optimised for 1064 nm 
enabling it to support high average pow-
ers. The surface of the 30 mm diameter 
mirror is modulated using 37 piezoelec-
tric actuators with a response rate of ~1 
kHz.  This device is limited by the small 
number of actuators and the cross talk 
between them. 

The deformable mirror was incorporated 
between the laser and the machin-

ing head as illustrated in figure 1, with 
the beam adjusted to 25 mm diameter 
using a beam expanding telescope 
internal to the laser. This is a standard 
unit including a turning mirror, a 120 mm 
focal length lens and a protective cover 
slip enclosed in a sealed gas head. 
Compressed air at a pressure of 4 bar 
was used as an assist gas and the 
standoff between the gas nozzle and 
the work-piece was 2 mm. The beam 
shape can be monitored in real time by 
splitting off a small portion of the light 
and focusing onto a CCD camera giv-
ing an 8 times magnification compared 
to the beam profile at the work-piece.  
Initial results were taken by replacing the 
deformable mirror with a flat mirror for 
comparison. Throughout this work the 
laser was run at 6 Hz repetition rate, with 
a 1 ms pulse width and a pulse energy 
of 8 Joules. For each beam shape pro-
duced, approximately 5 Joules was con-
firmed at the work-piece.  

Beam shapes were arrived at iteratively 
using a simulated annealing algorithm; a 
more detailed description may be found 
in other work [3]. The general principle is 
that random changes are made to each 
actuator voltage and the resulting beam 
shape is compared to the target intensity 
profile. If this represents an improvement 
then the changes are accepted for the 
next iteration, otherwise the algorithm 
reverts to the previous set of voltages.  

Beam shaping results are shown in fig-
ure 2 these are 
all shown to the 
same scale and 
a normalized col-
our scale is used 
with blue and red 
representing low 
and high inten-
sity respectively.  
The unmodified 
beam shape 'A' is 
uneven.  Using the 
deformable mirror, 
'B' is a reasonable 
'top hat' profile 
and 'C' a dough-
nut profile. The 

beam diameters are 90, 90 and 220 µm 
at the workpiece respectively. 

Holes drilled in 3 mm thick steel using 
each of these beam shapes are shown in 
figure 3. The unmodified beam generates 
an uneven hole. The top hat profile pro-
duces a slightly shallower although more 
uniform hole, the slightly bulbous profile 
indicating that the expulsion of melt from 
the hole was constrained. In contrast, 
complete penetration was achieved with 
the beam in doughnut profile though 
with a narrower diameter.    

Spatial Light Modulator
The application considered here for the 
SLM was to modify the close to dif-
fraction limited output (M2 ~1.3) from a 
Spectra-Physics Inazuma high repetition 

Dynamic beam shaping for laser material processing
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Figure 1.  Experimental arrangement for beam shaping and machining with 
deformable mirror.

Figure 2.  Beam shaping result:  (A) unmodified 
laser beam; (B) optimisation towards top hat 
profile; (C) optimisation towards doughnut profile.

A

B
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rate nanosecond (ns) pulsed Nd:YVO4 
laser for marking. The SLM supplied by 
Holoeye is a liquid crystal based device 
working in reflection. The response rate 
(75Hz) is slow compared to the deforma-
ble mirror and its average power handling 
capability is much lower.  Such devices 
are however, capable of supporting high 
peak powers; laser machining having 
been demonstrated for similar devices in 
the femtosecond regime [4].  Phase pro-
files may be calculated based on iterative 
Fourier transform algorithms, which can 
generate a complex pattern at the focus 
of an imaging lens [5].  

In order to improve the power handling 
capabilities of the SLM the device was 
mounted on a heat sink, consisting of 
a copper mount through which addi-
tional water cooling could be provided. 
The SLM was shown to support the full 
power available from the nanosecond 
laser without significant changes to its 
performance [5]. Mounting the SLM in 
this way also facilitated correction of 
undesirable curvature of the device, 
which cause optical aberrations in the 
beam; a common problem with this type 
of device arising from the manufactur-
ing process of the silicon backplane. 
Curvature compensation can be made in 

the phase map or (as here) by adjusting 
the mounting screws while monitoring 
the curvature with an interferometer. 

Figure 4 shows the SLM incorporated 
with the laser and scan head system.  
The beam was expanded to fill the SLM 
and then reduced to meet the aperture 
requirement for the scan head, which 
was fitted with a 100 mm focal length 
lens. The laser was run at full power 
(12 W incident on SLM) and, to maximize 
peak intensity, at the lowest available 
repetition rate of 15 kHz.  Single loca-
tions on the surface were marked for 
dwell times up to 100’s of ms to achieve 
the best possible results.  

Figure 5 shows a pattern marked on a 
thin aluminium film coated on glass, dark 
areas being where the film has been 
removed exposing unlit glass under-
neath.  The pattern has been marked off 
axis to isolate the mark from the 'zero 
order' (un-diffracted) mark at the bottom 
right of the image.  The single phase 
pattern is seen to be highly speckled but 
the application of a series of periodically 
shifted phase profiles applied consecu-
tively over the same overall exposure 
time produces a much clearer mark.  

A matrix mark on bulk stainless steel is 
shown in figure 6, in which shifted phase 
profiles were used to improve clarity. To 
achieve this the focal length of the final 
lens was reduced from 100 to 30 mm to 
increase the intensity on the workpiece. 
The dynamic nature of the SLM was used 
again, this time to build up the shape 

from four separate 
patterns chosen to 
minimises the blur-
ring of the mark that 
can otherwise occur 
due to diffusion of 
heat into the surface; 
thereby enabling 
a smaller readable 
mark to be made 
than would otherwise 
be possible at this 
pulse duration.  

Conclusion
Dynamic beam shaping has been dem-
onstrated and applied to machining 
in the ns and ms regimes.  The SLM 
enables complex small scale patterns 
to be marked on metal surfaces with a 
ns pulse duration laser.  The dynamic 
properties of the device enable results 
to be improved by minimizing the effects 
of speckle and of the blurring of fine fea-
tures caused by heat diffusion.  

Adaptive beam shaping of light from 
a ms laser has been achieved with a 
deformable mirror improving the inten-
sity distribution and drilling results, in 
particular the drill depth. This mirror is 
able to adapt to changes in the beam 
profile that occur when laser parameters 
vary and responds sufficiently quickly 
to change shapes in the space between 
one pulse and the next.  
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Figure 3.  Holes in 3 mm thick steel using a single 
pulse from:  (A) unmodified beam profile; (B) top 
hat profile; (C) doughnut profile.  

Figure 4.  SLM and optical system to deliver image to work-piece. 

Figure 5. Marks on a thin layer of aluminium 
coated on glass, the total exposure time for each 
mark is identical: (l) single phase pattern marked 
repeatedly; (b) 16 periodically shifted phase 
patterns marked consecutively.

100 µm 100 µm

Figure 6. Data matrix 
representing the letters 
“AOP” marked on 
stainless steel. The 
overall shape was built 
up from four patterns, 
each marked for 1.7 ms 
with 9 periodically 
shifted phase patterns.

50 µm
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The past decade has seen the 
development of ultra-short pulse 
lasers, with processes based on 

femtosecond and picosecond pulse 
durations becoming increasingly 
widespread. Thanks to the ultra-short 
timescale on which laser energy is 
coupled to the material, high precision 
sub-micron machining of metals has 
been achieved with very little thermal 
damage [1], [2]. Industrial applications 
include the very precise drilling of 
holes for fuel-injection nozzles in the 
automotive industry [2], [3]. 

The key parameters influencing the laser-
machining process quality in general are 
the pulse duration, wavelength, peak 
power, beam quality and polarization 
[4]-[6]. Polarisation plays a particularly 
important role in drilling high-aspect-ratio 
(depth/diameter) microscopic holes in 
metal [6]-[10]. Drilling with a linear polar-
ised laser beam produces anisotropic 
hole profiles due to the higher reflectiv-
ity of the s-polarised* radiation, relative 
to the p-polarised radiation [7]. As the 
hole develops through the material, 
the p-polarised radiation is more read-
ily absorbed in the sidewalls than the 
s-polarised radiation, which tends to be 
reflected down to the base of the hole. 
This results in a distorted hole when the 
beam reaches the exit side. 

The simplest way to reduce these dis-
tortions is to use a circular polarised 
beam for drilling. Circular polarisation 
however, cannot prevent the formation 
of ripples on the surface of the hole wall 
[6]. Another technique, referred to as 
polarization trepanning, consists of rotat-
ing the linear polarization during drilling 
to further improve the hole quality [7], 
[10]. The trepanning optic developed in 
[8] produced holes of remarkable qual-
ity using this technique. An alternative 
laser-specific polarization switching 

method requiring a re-designed laser 
cavity with an intra-cavity polariza-
tion chopper wheel is detailed in [5]. 
In this paper we describe the use of a 
transmissive, ferroelectric, liquid-crys-
tal polarization rotator developed by 
Boulder Nonlinear Systems, Inc. (MS 
Series). This flexible device allows rapid 
switching of the linear polarization of 
a laser beam between two orthogonal 
directions during micro-machining. As 
a proof of principle, helical drilling tests 
were performed on stainless steel using 
various polarization configurations. 

Experimental arrangement
A Clarke-MXR CPA2010 femtosecond 
laser was used for this work. The laser 
output was attenuated by a half-wave-
plate and a Glan laser polariser and the 
resulting horizontally polarised beam was 
incident on the liquid-crystal polarization 
rotator, which offered a switching speed 
of up to 20 kHz between two orthogonal 
output states, with a response time of 
typically less than 100 µs. The output 
beam was directed into a scanning galvo 
system and samples were mounted on 
a precision Aerotech 4-axis (x, y, z, θ) 
motion control system for accurate posi-
tioning at the laser focus.

Strategy
In helical drilling the laser beam per-
forms a circular movement with a 
defined diameter on the workpiece sur-
face, working its way through the mate-
rial on a helical path [6].

A series of helical drilling tests were 
performed on 380 µm thick stainless 
steel samples. Circular beam paths with 
diameters of 55, 65 and 70 µm were 
programmed on the scanning galvo. A 
pulse energy value of 75 µJ was used, 
corresponding to a fluence of 20J/cm². 
This produced ablation spot diameters 
of typically around 60 µm. As the flu-
ence was much higher than the ablation 
threshold (around 0.1 J/cm² for steel), 
some melting occurred at the entrance 
of the holes, but the overall drilling time 
per hole was reduced to below 60 s. The 
helical drilling tests produced tapered 
holes with an entrance opening diameter 
of typically around 110 µm correspond-

ing to a programmed circular beam path 
of 65 µm in diameter and a pulse energy 
of 75 µJ. The entrance of the holes 
showed no dependence on polarization, 
but was slightly elliptical in shape due to 
the ellipticity of the incident laser beam 
profile. On the exit side, the shape and 
taper of the holes varied with polariza-
tion, with a typical half-angle side-wall 
taper ranging between 4º and 5º. A sum-
mary of the test results as well as SEM 
images of the exit holes for the various 
polarization modes are shown in Table 1.

Scanner-synchronized switching
In polarisation trepanning, the direction 
of linear polarisation rotates synchro-
nously to the beam motion around the 
hole so that it is always oriented in the 
same way with regard to the wall [6]. In 
our drilling tests, this was simulated by 
synchronizing the liquid-crystal polarisa-
tion rotator to the scanning galvo head. 
The results in table 1 show an improve-
ment over drilling with linear polarisation 
but as only two orthogonal directions of 
polarisation were available the simula-
tion to polarisation trepanning was very 
approximate. Nevertheless, scanner-
synchronized polarisation switching may 
prove useful when drilling square- and 
cross-shaped holes or cutting linear 
grooves, where the polarisation direction 
can be better optimized.  

Laser-synchronized switching
In this mode, the polarization rotator was 
synchronized with the kHz fs-pulse-train 
from the laser, rather than the scanner. 
The results in table 1 show reduced dis-
tortions in the shape of the exit holes, 
presumably due to the position averag-
ing during drilling. 

The 1 ms separation of fs pulses (1kHz 
PRF) was sufficient for the liquid-crystal 
device to provide accurate control over 
the polarization direction of each indi-
vidual pulse; with promising applications 
in pulse-to-pulse amplitude control for 
surface machining of periodic structures. 

Un-synchronized switching
As noted above, by not synchronis-
ing the galvo scanner to the polarisa-
tion rotator, an averaging of machining 

Controlling polarisation in short pulse laser micro-drilling
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*The terms 's-' and 'p-' relate to the orientation of 
polarisation of light with respect to the so-called 'plane 
of incidence' during reflection. If a beam of light hits a 
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around the circular beam path will occur, 
which tends to reduce the distortions in 
the exit shape of the hole [7]. The results 
in table 1 (the two right hand columns) 
do indeed show a reduced distortions 
of the exit holes compared to the other 
polarization modes. The differences in 
machining quality between the results in 
the two right hand columns is thought to 
be due to a difference in the polarization 
switching frequencies. Future work will 
determine the optimum ratio between 
polarization switching frequency and 
beam scanning speed.

Conclusions
A method for dynamically switching the 
polarization direction of a femtosecond 
laser beam with a fast-response, trans-
missive, ferroelectric liquid-crystal device 
has been demonstrated and applied to 
the helical drilling of high-aspect-ratio 
micro-holes in a steel plate.

To our knowledge, this is the first 
time polarization trepanning has been 
achieved using a solid-state device 
for micro-machining. The liquid-crystal 
polarization rotator is found to provide 
more flexibility than the wave-plate ele-
ments it replaces, thanks to its toler-
ance to optical misalignment. However, 
the liquid-crystal device is not without 
operational constraints. For example 
its angular rotation range is limited to 
90º and it requires a dc-balanced, 50% 
duty-cycle periodic driving voltage. As a 
result, it is limited to machining periodic 
structures, or axi-symmetric features.

Although the machining quality often 
associated with high-precision trepan 
drilling heads has not been achieved, the 
fast-response liquid-crystal polarization 
rotator presented here could emerge 
as a flexible alternative, providing an 
improved machining quality to existing 
micro-machining systems.
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Linear polarization Circular polarization Scanner-synchronized 
polarization switching

Laser-synchronized 
polarization switching

Un-synchronized 
polarization switching

Configuration of 
the setup

Polarization rotator 
removed i.e. linear polar-
ized laser beam used 
to drill.

Polarization rotator 
removed. Quarter-wave 
plate inserted to produce 
circular polarization.

Polarization rotator driv-
en with a 10 Hz square 
wave synchronized with 
the galvo scanner.

Polarization rotator driv-
en with a 100 Hz square 
wave synchronized with 
the laser pulse-train.

Polarization rotator driv-
en with a 10Hz square 
wave, not synchronized 
with laser or scanner.

Aim of test Provide comparative 
data for subsequent 
tests.

Provide comparative 
data for subsequent 
tests.

Reduce the variability in 
reflectivity during drill-
ing. This configuration 
is similar to polarization 
trepanning.

Provide accurate control 
of the polarization state 
of each femtosecond 
pulse.

Reduce the polarization 
induced distortions by 
averaging.

SEM images of 
the holes exit 
aperture

Qualitative com-
parison

Elliptical exit hole shape, 
showing the distortions 
typically associated with 
linear polarization, as 
described in [7]. 

Exit hole less elliptical 
than for linear polariza-
tion drilling. Low levels 
of distortion on the hole 
walls. 

Exit aperture larger than 
drilling in other configu-
rations. Some distortion 
on the hole walls still 
present.

Hole shape better than 
with linear polarization. 
No improvements over 
results with circular 
polarization.

Exit aperture larger than 
circular polarization drill-
ing. Low levels of distor-
tion on the hole walls.

50 µm

polarisation

Table 1. Description and results of helical drilling tests on a 380 µm-thick stainless steel plate, including qualitative comparison of the exit holes (775 nm, 240 fs pulses, 
1 kHz repetition rate, pulse energy: 75 µJ).

See Observations p32
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Penetration depth is one of the 
most critical parameters in 
laser welding. A specific value 

can be achieved with combinations 
of laser power and travel speed; with 
beam diameter a third variable. Often 
it is the first two that are quoted while 
the third, which is controlled by laser 
beam properties and the beam deliv-
ery optics and generally has a fixed 
value for a given laser machine, is 
often not. Consequently, results for 
a given welding application cannot 
readily be transferred between laser 
machines. In this paper we show how 
this is overcome by introducing the 
concept of Power Factor, the product 
of laser beam intensity and diameter. 
In particular, plots of constant pen-
etration depth against Power Factor 
and interaction time for a given appli-
cation are shown to be are independ-
ent of beam diameter. As a result, they 
can be applied directly to derive the 
laser power and travel speed needed 
to achieve the desired penetration 
depth for whatever system the user 
selects based on criteria such as pro-
ductivity, process efficiency and heat 
input.

The results presented were derived from 
bead-on-plate and butt welds in 12 mm 
thick S 355 mild steel, using an 8 kW 
IPG fibre laser with a beam parameter 
product of 16 mm.mrad. The surface of 
each plate was subjected to a grinding 
and cleaning procedure before weld-
ing. All welds were sectioned, polished 
and measured under a microscope. The 
shielding gas was high purity shield 
argon with 15 l/min flow rate applied 
through a side jet.   

The fibre laser beam was delivered 
through a 300 µm fibre, collimated with 
a 125 mm focal length lens and focused 
using one of several lenses with focal 
lengths ranging from 150 to 500 mm 
focal length, giving spot sizes ranging 
from 0.38 mm (150 mm focal length) to 
1.2 mm (500 mm). All laser spots had a 
top-hat intensity distribution. 

The effect of beam diameter on  
penetration depth
Beam diameter variation at constant 
power and travel speed
Figure 1 shows the significant increase in 
penetration depth achieved by reducing 
the beam diameter at constant power 
and travel speed, as is well known. 

Beam diameter variation at constant 
intensity and interaction time
Figure 2 shows the penetration depth 
as a function of beam diameter, while 
keeping the intensity and interaction 
time constant.  Equations (1) and (2) in 
the framed text box show that both the 
laser power and the welding speed need 
to be increased as the beam diameter 
increases.  

In contrast to figure 1, the penetration 
depth in figure 2 increases with increas-
ing beam diameter. The rate of increase 
is faster for longer interaction times.

For constant intensity and interaction 
time the energy deposited per unit area 
(heat input) is constant. However, the 
specific process energy, the product of 
intensity, interaction time and beam area, 
is not. To maintain the first two of these 
(intensity and interaction time) constant 

whilst doubling the beam diameter 
requires a quadrupling of the specific 
process energy.

Beam diameter variation at constant 
Power Factor and interaction time
Figure 3 confirms that it is possible to 
maintain a constant penetration depth 
whilst beam diameter varies by maintain-
ing power factor and interaction time 
constant. As equations (2) and (3) show, 
to do this both the welding speed and 

Using Power Factor in selecting laser welding parameters

Wojciech Suder and Stewart Williams

Laser process parameters
Intensity, interaction time and Power Factor

Intensity, one of the fundamental material 
interaction parameters in laser welding, 
Intensity is defined as a ratio of laser power 
P and beam area, which for a circular beam 
with diameter db is given by: 

In order to fully describe the welding process 
the time, ti, for which a point on the work-
piece, located on the beam path, is exposed 
to the beam, also has to be specified. 

In pulsed laser welding ti is equal to the 
pulse duration. For CW laser welding it can 
be defined as the ratio of beam length in the 
processing direction (db in the case of a cir-
cular beam) and the welding speed n: 

                               
                       

The new term we define, Power Factor (PF), 
is given by the product of intensity and 
beam diameter: 

Figure 1: Effect of beam diameter at constant 
power of 5 kW and travel speed of 3 m/min.

Figure 2: Effect of beam diameter at a constant 
intensity of 1.6 MWcm-2 and various interaction 
times.

(1)

(2)

(3)

Figure 3: Penetration depth as a function of 
beam diameter and interaction time, at a Power 
Factor of 11 MW/m.



The Laser User       Issue 60, Autumn 2010

WELDING

29

the laser power need to be increased as 
the diameter increases. 

Figure 3 also confirms the hypothesis 
that the penetration depth in keyhole 
regime is more related to the power 
divided by the beam diameter (power 
factor) rather than the beam area (inten-
sity) [1, 2]. Note that all these experi-
ments were carried out in keyhole weld-
ing regime. 

Weld Quality Aspect
The above results show how the same 
penetration depth can be achieved 
by many combinations of parameters. 
However, that does not mean that the 
welds will exhibit the same properties, 
as shown in Figure 4. 

In all three cases the penetration depth 
is 6 mm but each of the welds is differ-
ent in shape and bead quality, due to the 
different interaction times and intensi-
ties; the longer the interaction time the 
broader the weld; the lower intensity the 
better the bead quality.

Weld properties such as the extent of 
the heat affected zone, hardness profile, 
undercut, spatter level and microstruc-
ture are influenced by the interaction 
time; but the general trend of this study 
is that weld quality increases with inter-
action time.  

However, long interaction times reduce 
productivity and increase the heat 
deposited into the workpiece, caus-
ing larger residual stresses which may 
induce greater distortion. It is important 
to determine in advance which type of 
weld is required for the specific applica-
tion and from this fix an interaction time. 
In most cases a compromise between 
productivity and quality has to be made.   

Application of the Power Factor concept 
Figure 5 shows the strong relationship 
between interaction time and power fac-
tor for three different penetration depths 
as a function of interaction time. 

An example selection procedure 
based on figure 5 is presented 
in figure 6. Firstly the interaction 
time should be selected based on 
various quality criteria and weld 
shape (e.g. figure 4). From figure 5 
a corresponding Power Factor for 
the required penetration depth can 
be deduced. Next, the selected 
combination of power factor and 
interaction tame can be transferred 
into the system parameters and 
applied on a particular laser sys-
tem. If the beam diameter is fixed 
then the combination of beam diameter 
and power factor will give the required 
laser power and the combination of the 

interaction time and beam diameter will 
give the travel speed. If the resulting 
productivity is insufficient then a higher 
travel speed and therefore larger beam 
diameter must be used (to keep the 
interaction time constant). This will need 
a higher laser power (to keep the Power 
Factor constant); alternatively, a shorter 
interaction time can be applied, but with 
a compromise of quality. If insufficient 
laser power is available then a smaller 
beam diameter or longer interaction time 
must be used. In both cases the travel 
speed and therefore productivity will be 
lower. 

Using this approach the system param-
eters are selected based on the weld 
requirements and the user is aware how 
the weld will look like in terms of shape 
and penetration depth. This will help 
to avoid the situation where a weld is 
produced in line with laser system limi-
tations, namely at maximum possible 
speed and available power.

Conclusions
It has been shown in this paper that 
Power Factor and interaction time pro-
duce a constant penetration depth over 
wide range of beam diameters in key-
hole laser welding. Using this concept 

a specific penetration depth can be 
achieved on a variety of laser systems 
with different beam diameters. The 
combination of applied parameters has 
a direct effect on a quality of weld and 
the productivity achieved. Therefore it is 
important to know which type of weld 
is needed and then select an appropri-
ate interaction time. By specifying the 
interaction time and the power factor a 
suitable laser system can be chosen for 
a given application. The application can 
be transferred between laser systems 
having different beam properties. 
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Figure 4: Weld cross 
section for beam of 0.38 
mm diameter, constant 
penetration depth and 
various welding speeds: 
(a) 1m/min; (b) 2m/min;  
 (c) 5m/min

Figure 5: Required power factor for penetration 
depth of 4, 6 and 8 mm in function of interaction 
time for beam diameters from 0.38 mm to 0.78 mm.

See Observations p32
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Figure 6: Parameters selection chart.
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An increasing number of first 
generation of nuclear reactors 
built in the 1950s and 1960s 

reach the end of their useful life, so 
their decommissioning has become a 
topic of increased public concern. An 
average nuclear facility can contain 
significantly large metallic assemblies, 
including vessels, flasks, support 
structures and pipe-work, made from 
nickel, iron and aluminium alloys; all 
with different shapes, sizes, and wall 
thicknesses. Some contaminated cells 
contain several kilometres of tube net-
works, again of various diameters and 
wall thicknesses, and in various orien-
tations. Such structures need to be cut 
into pieces small enough to be packed 
into low or medium level containers 
for long term storage. In March 2009 
the UK’s Nuclear Decommissioning 
Authority awarded TWI a contract to 
develop prototype equipment to dem-
onstrate the twin processes of con-
crete scabbling [1] and tube cutting 
and assess how these might be imple-
mented in nuclear decommissioning. 

Amongst the available thermal tubes 
cutting processes is the multi-kilowatt 
fibre laser, offering high beam quality and 
power transmission over large distances 
through optical fibres. Because such 
a laser can be operated remotely from 
the cutting operation, there is no risk of 
contamination of the high value laser 
asset, which can therefore be reused on a 
number of decommissioning tasks. In this 
paper, the single-sided cutting capabil-
ity of a 5 kW multi-mode Yb-fibre laser is 
presented for various 316L stainless steel 
tubes of diameter up to 170 mm and wall 
thickness up to 11 mm. 

The  biggest challenge encountered for 
decommissioning arises due to the profile 
of the tubes and their juxtaposition, with 
respect to each other [2]. They could be 
bundled, multi-layered, and concentric, in 
various orientations and sizes. From the 
deployment consideration, conventional 
laser cutting around the tube is almost 
impossible, and a method of single-sided 
tube cutting needs to be developed. 
Results shown here demonstrate that with 
the right optical configuration, it is possible 
to laser cut tubes from one side, at long 

(and thus safe) standoff distances, if the 
main objective is simply to sever the tube. 

Unlike conventional orbital laser cutting of 
tubes, where the beam focus and the noz-
zle standoff distance is maintained con-
stant with respect to the tube surface [8], 
in the single-sided laser cutting described 
here, both the laser focus diameter and 
the standoff distance vary relative to the 
tube surface. Figure 1 shows a schematic 
of the process set up and a photo of the 
optimised single-sided laser cutting head 
used for the trials.

The principal laser used for this work 
was an IPG 5 kW multi-mode (MM) laser. 
The beam was focused to approximately 
420 μm diameter. Table 1 provides details 
of the equipment and parameters used to 
perform the laser cutting operations. 

Laser cutting trials were performed by 
traversing the laser beam across the 
tube in a straight line, while maintaining 
the focal position along the centre of the 
tube as illustrated in figure (1b). Single 
and double pass cutting techniques were 
examined. A minimum standoff of 10 mm 
was maintained to accommodate tubes 
of different diameters. 

Maximum cutting speeds reported here 
were for the complete severance of the 
tube. If there was any lack of separation 
it was mostly encountered at the sides 
of the tube where the material thickness 
in the beam direction is greatest. Table 
2 shows estimated maximum material 
thickness for particular tube and wall 
thickness combinations.

Results
It is clearly desirable to cut large diameter 
steel tubes with just a single pass of the 
laser beam, but even with up to 5 kW of 
laser power available the process was 
found to be very slow and complete sep-
aration could only be achieved for tubes 
of small diameters and wall thicknesses. 
A double pass, starting and finishing with 
the nozzle axis over the centre of the 
tube, allowed higher cutting speeds and 
cleaner cut surfaces to be achieved. 

The results in Figure 2 for a typical series 
of experiments reveal a high dependency 
of cutting speed on laser power for a rel-
atively large (155 mm) diameter tube. This 
is believed to be linked to the adherence 
of dross to the lower edge of the tube, 
this effect being much greater in larger 
diameter tubes and highly susceptible to 
variations in both the laser power density 
and gas pressure.       

The results of a systematic study of the 
effect of tube wall thickness and gas 
pressure are shown in figure 3. As would 
be expected, the smaller the tube wall 

Single-sided tube cutting in nuclear decommissioning

Ali Khan and Paul Hiilton

Figure 1: (a) Cutting head 
assembly showing (i) optical 
fibre, (ii) collimating lens, (iii) 
focusing lens, (iv) assist gas 
inlet, (v) nozzle extension 
and (vi) cutting nozzle; (b) 
Single sided laser cutting 
schematic.

Table 1. Equipment and parameters used in 
single-sided laser tube cutting trials.

Source parameters IPG 5 kW MM, BPP 
= 6, 1070 - 1080 nm 

Fibre core diameter (µm) 150

Collimator focal length (mm) 120

Objective focal length (mm) 500

Tube diameters (mm) 60, 155, 170

Tube wall thickness (mm) 1.5 to 11.1

Gas pressure (bar) 2 to 10

Nozzle diameter (mm) 3.25, 3.65

Max. cutting speed (mm/min) 10 to 2000

Table 2. Estimated maximum material thickness 
for various tube diameters and wall thickness.

Tube dia (mm) Wall (mm) Max. cut thickness (mm)

60 1.5 19

60 4 30

60 11 47

155 1.5 30

170 7 68

b

(i)

(ii)

(iii)

(iv)

(v)

(vi)a
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thickness the faster the cutting speed 
and this reduces rapidly with an increase 
in the tube wall thickness. 

Single mode laser results
Using a 1 kW single mode (SM) fibre laser, 
MM and SM performance was compared 
at 1 kW. The results in figure 4 correspond 
to three standoff distances (10, 25 and 
40 mm), the position of focus relative to 
the nozzle exit being maintained at 55 mm 
i.e. the laser focal position was varied 
±15 mm of the tube centre line. With 
reference to this figure it is interesting to 
note that below 6 bar nozzle gas pressure, 
higher cutting speed is obtained with the 
MM beam, even though the laser power 
density with the SM laser, under identi-
cal set up conditions, was significantly 
higher (i.e. the focal spot size for the SM 
laser was only 70 µm (cf 420 µm MM). 
Remarkably, there also appears to be little 
if any difference in the cutting speeds at 
standoff distances of 10 and 25 mm. 

The best performance was obtained at 
8 bar gas pressure for the SM laser at 
either 10 or 25 mm standoff distance. 
When operating with the smaller kerf 
width obtained with the SM system, the 
effectiveness of the gas jet becomes 
very important. This perhaps explains the 

lower cutting speeds seen below 6 bar 
and the sudden reduction at 10 bar. 

Regardless of the better SM results, use of 
a SM system for decommissioning applica-
tions may not be a real option, due to cur-
rent limits on the delivery fibre length (max 
5m) for the SM lasers. 

Cutting strategies
More elaborate single-sided laser tube cut-
ting techniques were developed to deal 
with complex tube networks. These include 
selective removal of sections of larger 
tubes and cutting at angles of incidence 
up to at least 45º from normal, see figure 
5. The left hand photo shows a 170 mm 
diameter tube with a wall thickness of 
7 mm cut in a three pass technique; the 
first two cuts remove a tube segment to 
allow more laser power to reach the rear 
of the tube, separated with the third pass. 
The total cutting time was 7 min.

Figure 6 shows a simulation to assess the 
effectiveness of remote deployment of this 
technology to dealing with “the nuclear 
jungle” by sectioning pipes of different 
sizes, wall thickness and orientations in 
one continuous robot program. The col-
lection of tubes, including arrangements of 
concentric tubes was fixed to the support 
frame with the type of fixtures commonly 
employed in practice.  All tubes were cut 
(using the same nozzle assembly) with a 
single robot program. The more that 50 
cuts needed to dismantle the tube network 
were completed in 15 min.   

Conclusions
A very effective and efficient system for 
decommissioning of nuclear stainless steel 
tube structures has been developed. The 
cutting head, tailored for this application, 
is light and has a significant standoff toler-
ance and so is relatively simple to deploy 
and operate remotely. For all tubes of dif-
ferent diameters and wall thicknesses, the 
most critical regions are the tube sides, 
which require both high laser power and 
assist gas pressure, for clean separation. 
As a result, a double pass technique was 
preferred to a single pass method as the 
optimum cutting configuration. 
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Figure 2: Maximum cutting speed vs. gas 
pressure and laser power for double pass laser 
cutting of a 155 mm diameter tube with 1.5 mm 
wall thickness. The gas pressure curve corresponds 
to a constant laser power of 4.6 kW and the laser 
power curve to a constant gas pressure of 8 bar. 

Figure 3. Maximum cutting speed vs assist gas 
pressure for two-pass single-sided cutting of 
60 mm diameter tubes of different wall thickness 
at a constant MM laser power of 4.8 kW. D 
different nozzle extension tubes were used and the 
standoff distance was maintained at 10 mm. 

Figure 4. Two-pass cutting speed vs. gas 
pressure for 1 kW SM and MM fibre lasers on a 
60 mm diameter tube of 1.5 mm wall thickness.

Figure 5. Cutting strategies allowing removal of 
sections and cutting at angles not perpendicular 
to the tube axis. In all cases the MM laser power 
was 4.8 kW and assist gas pressure was 8 bar.

170 mm tube 
7 mm wall 

100 mm/min

155 mm tube 
1.5 mm wall 
350 mm/min

155 mm tube 
1.5 mm wall 
350 mm/min

Figure 6. Cutting demonstrator, before and after, 
using a laser power of 4.8 kW and an assist gas 
pressure of 8 bar.
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First stab at the UK development 
Paul Hilton 

I read Paul's article with great interest 
as I'm one of the earlier users of laser's 
for industrial applications. In my case, 
I purchased one of the first laser's that 
Coherent produced at their Cambridge 
Science Park facility back in 1978. It was 
a 375 model that, on a good day, we could 
coax to 500 watts.

With the help of Coherent's Norman Pratt 
and Richard Walker we cobbled together 
what we believed to be the first moving 
optic machine in the world using a high 
speed routing table build by Desitech at 
Wellingborough and thus 'Lasercut Products 
Ltd' opened it's doors for business.

John Bishop   Retired MD of Lasercut 
Products

A photo-voltaic application for high 
speed micro-texturing

Ana Pena et. al.
A reduction in light reflected from the 
solar cell from about 30% to about 5-
10% results in a striking efficiency gain 
– a good cell (20% efficient) with an 
untreated surface might see as much 
as 5-7% gain* in overall efficiency as a 
consequence of this laser micro textur-
ing. This is a remarkable value when one 
considers other efficiency gains of order 
of only 1% are much celebrated.
Of course, bringing a commercial appli-
cation to a production environment might 
typically require in-line manufacturing 
within the ~1 s cycle time target for solar 
cell production and whilst multiple lasers 
could be processed in parallel, a time 
of 4.4 s for a single pass per square 
cm would imply about 1,000 s or nearly 
20 minutes to cover a standard 156 x 
156 mm wafer. 40 passes for optimal 
absorption would then require about 12 
hours processing, which means that the 
process as it stands is perhaps 40,000 
too slow! Whilst this suggests that there 
is a very long way to go to realise such a 
process commercially, things may not be 
quite as bad as they sound:-
Firstly, looking at the Manchester 
University website, the laser used deliv-
ers only about 7 W average power, so 
if Ana operated it at full power, then 
Rofin’s new PV-orientated Powerline 
L 100 SHG, offers about 15 times the 
output at 532 nm (albeit at lower M2). It 
seems, however that as she is using a 

fluence of 2 J/cm2 and is taking about 
4 s/cm2 so she would seem to be oper-
ating it at only around 0.5 W, so this 
laser delivers 200 times the power.
Secondly, a larger M2 value with similar 
optics could make a coarser array of 
scans more sense from such a laser – I 
note that Ana reported better reflectivity 
from a 25 µm vs a 30 µm scan, so it may 
be counter-productive, but some com-
promise might be necessary: doubling 
the raster spacing of the scanning laser, 
using a larger spot will reduce process 
time by a factor of 4.
Thirdly, particularly if the KOH cleanup 
process is likely to be required anyway (so 
rougher melt-ejection surface finish could 
be tolerated), such a laser’s longer pulse 
duration could result in a much higher 
volumetric material removal per Watt. 
The above graph plots scribe depth 
versus pulse duration in Si for various 
laser types. In particular, it shows the 
huge advantage of longer pulse dura-
tion lasers in terms of material removal 
rate. This would further benefit the green 
Powerline L100 for this application.
Moreover, there may be no reason to 
choose a frequency-doubled source for 
this application; the 1 µm wavelength 
lasers above are successfully scribing 
Silicon. Being an end-pumped Vanadate 
laser, the Violino’s 8 ns pulse duration is 
very similar to the Rofin 20E source in 
the plot. The longer-duration Q-switched 
StarDisc laser achieved 30-40 times 
the scribe depth of this laser, owing to 
its greater pulse duration. Bearing in 
mind that production of 25 µm pits is 

far quicker than 250 um scribes, I would 
estimate that this source could achieve 
such pits with a single pulse, running 
at considerably reduced power - open-
ing the potential of beam splitting to 
multiply throughput further. The StarDisc 
also emits in TEM00, meaning that the 
desired pit size would be achievable 
with galvo delivery. 
One could imagine the use of a sim-
ple Diffractive Optic Element to create 
an array of pits which itself could be 
scanned using a galvo head**. Let’s 
assume that the disc laser above can 
remove material to the required depth 
when split into a 4 by 4 array (16 spots 
in all), with no need for multiple passes. 
Not inconceivable as the Disc laser 
delivers up to 80 W which is 160x the 
power that seems to have been used 
in these trials and it generates pulses 
whose pulse duration render them far 
more efficient at mass removal than 8 ns 
pulses.
So, very crudely, we pulse the laser at 
30,000 Hz – perhaps generating 480,000 
pits/s if 16-way DOE splitting worked. 
The above cell wants 25 million pits, so 
that takes about 50 s. This is a huge 
improvement on ~12 hours, which these 
preliminary tests seem to require. One 
thing is sure, each 1% gain in efficiency 
at a high volume PV manufacturing plant 
is worth a lot of money!
Andy May     Rofin-Baasel UK Ltd

Short comments on papers in this issue

Laser Sources for material processing 

*If, of 100% of the light incident on a ‘normal’ wafer, 
30% is reflected and the remaining 70% goes on to 
create 20% in electricity (a decent ball-park figure 
for a ‘good’ PV wafer), then if only 5-10% is reflect-
ed, then 90-95% is ‘useable’ and this will generate 
90-95% x 20/70 = 25-27%, which is 5-7% higher 
efficiency than my 20% ‘standard’.

** Reference: Keynote presentation by Oliver Haupt 
(Laser Zentrum, Hannover) at AILU’s advanced 
Micro-Manufacturing meeting on 6th October 2010.
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Dynamic beam shaping for laser 
material processing
Jonathan Parry et. al.

This is an intriguing paper. The con-
cept of adaptive resonator mirrors for 
beam quality control has been under 
discussion for a number of years. 
The target was to compensate for the 
degrading effect of thermal distortion. 
Unfortunately, the predicted effects 
of scattering and power losses were 
thought to negate the advantage.
I can easily see a future in material 
processing with adaptive beam shaping 
with deformable mirrors. Even the rela-
tively low resolution offered by 37 actua-
tors could be enough to offer more con-
trol of initial penetration when performing 
stitch welding.
The second method quoted for beam 
shaping  involved use of a spatial light 
modulator that apparently relies on pix-
elated phase shifts. It is a pity that space 
limitations foreshortened some of the 
detail for “periodically shifted phase pro-
files”. Nevertheless, the technique does 
involve use of a beam that is diffracted 
away from its zero order reflection so the 
power losses from the wasted real and 
imaginary orders could be significant. 
I am sure that there is much scope for 
examination of both the theory and 
practice of dynamic adaption. These 
techniques are as relevant to industrial 
applications as they are to the excoriat-
ing demands on laser beam control for 
laser fusion!
Brooke Ward   Europtics

This is a very interesting and timely arti-
cle which demonstrates improved per-
cussion drilling and micro-machining via 
dynamic control of laser beam intensity 
distributions using both a deformable 
mirror  (1 kHz, 37 actuators, dielectric 
coated) and a liquid crystal on a Silicon 
Spatial Light Modulator (75 Hz, reflective 
metallic coating).
With a GSI-Lumonics  JK705 pulsed 
millisecond laser operating at 6 Hz and 
8 J/ pulse and 1064 nm, the deform-
able mirror handled both high fluence 
(> 3 Jcm- 2) and high average power 
(48 W) to create much improved drilling 
through 3 mm thick stainless steel  by 
modifying the intensity profile from quasi 
-Gaussian to flat top and doughnut pro-
files.  The flat top yielded much more 
uniform cross section while the ring mode 
drilled completely through the substrate 
in a single pulse. The profiles were gener-
ated iteratively, converging to the target 
profile. A sealed gas head with high pres-

sure air (used as an assist gas) provided  
beam monitoring in real time via a pick 
off, lens and CCD camera.
With a high repetition rate (15 kHz) 
nanosecond source (Nd:YVO4, Spectra 
Physics Inazuma, M2 ~1.3, 12 W) the 
SLM (Holoeye) was used to generate 
both a star pattern on an Aluminium film 
on glass and a data matrix marked on 
stainless steel.  Desired intensity distri-
butions were calculated using Fourier 
transform algorithms to create the requi-
site phase patterns applied to the SLM 
and a 4f optical system re-imaged the 
complex electric field created at the SLM 
to the input aperture of a Galvo system.  
Interestingly, patterning shows effects 
of laser speckle and this effect was 
reduced significantly by the real time 
application of a series of phase shifted 
phase profiles, enhancing the marking 
procedure.
This work has demonstrated real advan-
tages in laser materials processing  (drill-
ing and marking) with dynamic control 
over intensity distributions at the mate-
rial surface. 
Walter Perrie   University of Liverpool

I would certainly agree with Jon that 
laser beam shaping can benefit a large 
number of laser materials processing 
applications. This is clearly illustrated 
in the figure shown in the paper. In this 
case the beam profile has been modified 
into a doughnut by deforming a piezo-
electric actuated mirror using an iterative 
shaping algorithm. The mirror appears to 
have altered the shape of the beam well, 
but there is still a level of variation in the 
intensity levels within the new shapes. 
As mentioned in the article, this method 
of beam shaping is capable of coping 
with high laser powers, but the resolu-
tion of the mirror limits the complexity of 
beam shaping available.     
The second method of beam shaping 
used by Jon is a Spatial Light Modulator 
(SLM). A SLM presents a diffraction 
pattern to the beam, conforming the 
reflection to a custom beam shape. As 
mentioned in the article this method 
has a limitation on the laser powers 
that can be delivered by the system, 
but the achieved 12W is impressive. 
Beam shaping through the use of SLM 
also presents a significant zero order 
error, which has been compensated for 
in this example by placing the recon-
structed beam off axis. Jon’s application 
of shifting the phase pattern to aver-
age the speckle has utilised well the 
dynamic shaping available with the SLM 

to reduce the effect of speckle in the 
reconstruction.
At present the development of SLM’s 
is lagging the requirements for laser 
materials processing and development is 
needed to increase the power handling 
and resolution achievable.  As the tech-
nology is now graduating from research 
into industry there is a need for more 
industrial applications to utilize the ben-
efits of laser beam shaping. 
Matt Gibson   Laser Optical Engineering

Controlling polarisation in short pulse 
laser micro-drilling
Olivier Allegre et. al.

The pictures of asymmetric holes with 
sharp bits extending to the sides will be 
familiar to anyone who has tried to drill 
through holes in metals using a solid-
state laser. Although it is well known 
that polarisation effects play a large 
part in the hole quality, such effects are 
not widely understood in the user com-
munity. Hence this brief paper helps to 
highlight an interesting area which has 
real impact on the practical results which 
can be achieved. 
Due to the brevity of the article much is 
left unreported and it would be interest-
ing to see how the use of the polarisa-
tion switching method can be developed 
further.  The pictures shown are not of 
the best quality of holes and I would 
really like to see how much improvement 
in hole quality can be achieved as the 
technique is further extended. Perhaps 
the authors could do a follow-on piece 
in the next few months and report their 
developments?
Nadeem Rizvi   Laser Micromachining

Using Power Factor in selecting 
laser welding parameters
Wojciech Suder and Stewart Williams
The current generation of solid-state 
fibre delivered laser sources are provid-
ing economic benefits for end-users in 
terms of increased wall plug efficiency 
and productivity when compared with 
Nd:YAG laser sources. Nevertheless, the 
range of beam qualities available, com-
bined with the ever increasing number 
of optical configurations, has resulted 
in a plethora of available focused beam 
profiles. It is difficult for an engineer, 
even one with laser materials process-
ing experience, to select the best laser 
source and optics without performing 
extensive experimental trials. 
The Power Factor method developed by 
Suder and Williams seems an excellent 

OBSERVATIONS
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method for determining the necessary 
process parameters when particular 
weld characteristics are required. This 
method does rely on empirical results 
which are material specific, although a 
well equipped research laboratory would 
be able to repeat a set of experiments 
analogous to those performed here and 
produce a set of curves for the material 
in question. An informed decision may 
then be made by the end-user on the 
most suitable laser source and optical 
configuration for their application.
Figure 2 indicates that the relationship 
between penetration depth and beam 
diameter has a dependence on the inter-
action time. Potentially, this is related to 
the thermal conductivity of the material 
examined, with the increased interaction 
time allowing sufficient duration for the 
additional process energy to be utilised. 
Repeating the same series of experi-
ments but with materials having different 
thermal properties (for example, a fusion 
weldable stainless steel and/or alumin-
ium alloy) would allow this to be evalu-
ated. The results would also allow the 
relationship between a material’s thermal 
properties and their effects on the Power 
Factor versus Interaction Time curve to 
be established.
Jon Blackburn   TWI Ltd

Stewart Williams and Wojciech Suder 
resume an important subject at the right 
time, when significant progress in laser 
sources opens up new possibilities in 
laser welding. The authors contribute 
to more transparency of laser welding 
parameter dependencies by looking for 
independent scaling laws of the pen-
etration depth. Beside laser power and 
welding speed they point out the rel-
evance of the beam diameter, becoming 
effective in the interaction time (beam 
diameter divided by speed) and in the 
power factor (laser power divided by 
beam diameter). From their investiga-
tions with a fibre laser and mild steel 
they conclude that the penetration depth 
is independent of the beam diameter if 
power factor and interaction time are 
kept constant. Building on that, they 
recommend a parameter selection pro-
cedure.
It is worth mentioning that the param-
eter constancy selected by the authors 
implies also a constant energy per unit 
length (power divided by speed). Taking 
that into account, the independence of 
penetration depth from beam diameter in 
figure 3 is rather surprising. The reason 
becomes clear when looking in more 
detail at the selected parameters. The 

process regime treated by the authors 
in figure 3 is limited to long interaction 
times between 19 and 50 ms, being at 
the upper limit of typical laser welds and 
leading to quite wide seams and sig-
nificant heat losses. This compensates 
for the normally expected increase in 
penetration depth with simultaneously 
decreasing beam diameter, power and 
speed (the two latter being selected by 
the authors in order to keep power factor 
and interaction time constant). Therefore, 
a nearly constant penetration depth 
occurs, which obviously only holds in a 
certain area of validity. It is also impor-
tant to note, that the authors selected 
quite different process regimes for the 
representations in figures 2 and 3. Most 
welding parameters in figure 2 result in 
much lower penetration depths, and the 
curve with short interaction time of 2.5 
ms even meets the case of constant 
penetration depth at constant energy per 
unit area (power divided by the product 
of beam diameter and speed) due to 
negligible heat losses.
Generalisation or differentiation: that is 
the question. I believe it would be worth-
while evaluating the generalisability of 
the Cranfield approach and defining the 
area of validity. Where do we require dif-
ferentiation by incorporating the effects 
of parameters such as laser wavelength, 
beam quality, focal position, gas flow 
and type of material? We have to find 
out the right balance between “Keep 
It Short and Simple (KISS)” and “Most 
Advanced Yet Acceptable (MAYA)”.
Dirk Petring   Fraunhofer ILT

Moving, cw beam laser processes are 
commonly considered in terms of spe-
cific energy (SE = P/dbv) or line energy 
(P/v). The question must be, is this any-
thing different?
Considering the welding in terms of 
Interaction time and Power factor 
explains the trends seen in Figure 1-3 
and the authors explain the method well. 
However, the hypothesis that penetration 
is proportional to specific energy explains 
them just as well: For Figure 1, db 
increases and SE falls; for Figure 2, db 
increases and SE  increases in proportion 
(as power is increased to keep intensity 
constant); for Figure 3, for each line db/v 
and P/db are constant so SE is constant. 
I think on this evidence, I would best 
summarize the method as an alternative 
way of describing the process.
I am also surprised that the method 
claims to allow transfer between laser 
systems with different beam qualities 

when the only input is beam diameter 
(which I take as being at the surface; the 
term ‘spot size’ was also used).
Andrew Pinkerton   University of 
Manchester

Single-sided tube cutting in nuclear 
decommissioning

Ali Khan and Paul Hiilton

Well done to Ali and Paul for an excellent 
piece of work ... it must be great to be 
working in an area of laser cutting where 
cut quality is irrelevant! 
The Fibre laser/dual pass technique 
they have developed marks a significant 
breakthrough for the nuclear decommis-
sioning industry.
John Powell   Laser Expertise Ltd
It is very interesting to see how new 
laser technology can finally demonstrate 
the practicality of lasers for nuclear 
decommissioning, tried with CO2 lasers 
since the 1980s! 
Fibre laser delivery and easily replaced 
cutting heads that do not require align-
ment, ensure that the 'everything must 
come out in a barrel' rule in nuclear 
decommissioning can be a reality for 
lasers. Cost doesn't play a significant 
role in decommissioning, it's all about 
time taken and practicality, but I'm sure 
that fibre laser cutting will deliver on all 
of these factors.
The authors do not say what cutting 
assist gas was used. It could have been 
air, since cut quality here was not an 
issue. 
The cutting mechanism described relies 
on the shear-melt process and the gas 
jet plays a key role, as indicated in figure 
4: a sudden drop in cutting speed once 
the pressure exceeds 8 bar. I suspect our 
old friend the Mach Shock Disk shows 
his face here! Cutting at long, variable 
distances requires a gas assist jet that 
has constant properties along its length 
(i.e. no shock waves and no density 
variations). This can be achieved with 
converging-diverging nozzles (and figure 
1 shows such a nozzle) but the problem 
is that the nozzle design cannot be gen-
eralised for a wide range of pressures. In 
other words: such a nozzle works for one 
precise pressure setting only.
One of the authors is well known for his 
expertise in converging-diverging nozzle 
designs for supersonic flow, and I look 
forward to further results!
Jim Fieret   The Linde Group
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EVENT REVIEW

Reflections by Jack Gabzdyl,  
Workshop Chair

The Annual event organised by the 
Micro:nano Special Interest Group this 
year was held on 6th October in a sunny 
St Asaph and was hosted by Nadeem 
Rizvi of Laser Micromachining Limited 
(LML) located at the Technium OpTIC 
and chaired by Jack Gabzdyl. A good 
attendance of over 50 delegates assem-
bled to hear of the latest developments 
in micro-scale manufacturing.

The keynote presentation was given 
by Oliver Haupt of the Laser Zentrum 
Hannover, an institute that is at the fore-
front of laser micro-processing. At the 
time of accepting the invitation to present 
I doubt Oliver knew where St Asaph was, 
but now he does! His presentation cov-
ered a broad range of topics including 
solar PV processing, micro machining of 
engine components and the use of lasers 
for creating lightweight structures. Oliver 
showed how a diffractive optic element 
(DOE) could be used in conjunction with 
a high power laser source to increase 
productivity and introduced some novel 
repair strategies for composite materials.

Bill O’Neill was unfortunately unable to 
give a keynote address as billed, but Kun 
Li, a postdoctoral student, proved an able 
replacement, providing a detailed analy-
sis of the effects of pulse shaping in the 
percussion drilling of Silicon using a 20 W 
MOPA based Yb fibre laser. 

Mikael Khan of Dyesol gave a glimpse 
into the future of 3rd Generation pho-
tovoltaics – dye-sensitised solar cells. 
These cells will benefit from reel to reel 
manufacture using low cost materials. 
Dyesol, in conjunction with Corus-TATA 
Steel, is looking into the potential of 
incorporating PV onto a significant por-
tion of the > 100 million m2 of roofing 
and wall cladding materials they manu-
facture each year. The lifetime require-
ment is > 20 years, since the steel has a 
40 year life. Lasers do not play as big a 
role in this technology as they do in cur-
rent thin film manufacture, there is still a 
need for laser scribing of the ITO layers.

Laser applications for polymer 
medical device manufacture were 
covered by David Gillen of Blueacre 
Technology, Dundalk, Ireland. He 
presented a number of laser micro-
machining examples of medical 
devices with specific reference to 
part quality aspects associated with 
laser selection. The current use of 
metallic versus the future use of 
polymeric materials for intricate 
parts such as coronary stents and 
the laser processing issues was dis-
cussed.

Petko Petkov of Cardiff University’s 
Manufacturing Engineering Centre 
(MEC) gave an enlightening review 
of a study that compared micro, 
nano, pico and femto-second 
micro-machining of metallic components. 
Surprisingly, fs lasers did not produce 
the smoothest surfaces and the ps parts 
still showed a significant heat affected 
zone. From a practical perspective Petko 
showed that the answer for end users 
in terms of laser selection is strongly 
dependent on the accuracy, surface 
quality and productivity requirements of 
any given application. From the range of 
surface analysis options, he commented 
that the white light interferometer was the 
best and most convenient technique.

Marek Mamczur of DSL, a newcomer to 
laser materials processing, gave a fas-
cinating account of a novel laser-based 
micro balancing process for high speed 
spindles using a ns pulsed fibre laser. 

Issues surrounding laser machines for 
high volume manufacturing were tackled 
by Mike Osborne of Optek, Abingdon. 
Examples included machines that laser 
drill and mark aerosol nozzles at a rate of 
20/sec, and a new 'molecular reorienta-
tion' application that provides a clever 
method of opening reams of paper.

Rod Andrew of Optec, Belgium, gave 
a complementary presentation on laser 
micro manufacturing from a system 
builder’s perspective running through the 
various process and laser technologies 
available.

Paul Smith of the Technology Strategy 
Board updated the delegates on the 
newly formed ESP (Electronics, Sensors, 
Photonics) Knowledge Transfer Network. 
He confirmed that there will be continued 
support available but going forward there 
will be greater emphasis on challenge 
led innovation. He outlined a number of 
imminent funding calls in which lasers 
will address key areas, details of which 
can be found on the www.innovateuk.
org/espktn.

The tour of the LML facility at the 
Technium OpTIC was impressive, with 
many live demonstrations. Delegates 
could not be other than impressed with 
the variety and sophistication of laser 
sources and other equipment available. 
The demonstrations showed precision 
micromachining, hole drilling and cutting 
both metallic and polymeric materials 
with lasers of various wavelengths and 
monitored using vision systems to pro-
vide full inspection capability, supported 
by a high quality microscope suite.

The vendor table top exhibition and 
extended lunch break provided a great 
opportunity for networking. All in all an 
excellent day was had by all. 

Interested??? Then please consider com-
ing to our next micro:nano meeting!

Advanced micro-manufacturing with lasers
6 October 2010, Technium OpTIC, St Asaph, UK

Workshop speakers outside the impressive Technium OpTIC 
building: (l to r) Marek Mamczur (Dynamic Laser Solutions); 
Jack Gabzdyl (SPI), Chair; Kun Li (University of Cambridge); 
David Gillen (Blueacre Technology, Ireland); Oliver Haupt 
(LZH, Germany); Petko Petkov (Cardiff University); Rod 
Andrew (Optec, Belgium); Mike Osborne (Optek Systems); 
Nadeem Rizvi (Laser Micromachining); Mikael Khan (Dyesol); 
Paul Smith (ESP KTN).

PDFs of presentations for the Micro workshop and other recent events can now be found on the AILU web site (click the 
'events' link in the left column and then the 'presentations' link that appears below it). Contact the AILU office for the pass-

word of the event of interest, which is free to persons who attended the event. 
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As always, I reach this page of the mag-
azine feeling a mixture of relief and sat-
isfaction. The source of the relief is obvi-
ous; the end of the marathon is in sight. 
The satisfaction too is easy to guess, 
and culminates in the sending of a copy 
to the British Library collection (which is 
what the ISSN number is all about). The 
magazine pulls together contributions 
from AILU members and supporters, 
thereby providing a snapshot of what 
we, both as part of the much wider laser 
community and as an association, have 
achieved. 

In these times when many in employ-
ment are heavily overworked it is espe-
cially difficulty of extract news and tech-
nical features for the magazine, which 
is sad. The magazine provides a lasting 
reminder of what our successes were at 
a time when many of us are too busy to 
fully benefit and build on them.  

Sixty issues later, having just passed 
15 years to the day when AILU was 
launched and looking at the early back 
issues of The Laser User, it is satisfying 
to see how AILU has evolved and laser 
technology all the more. It makes you 
wonder what impression The Laser User 
collection in the British Library will have 
on the young Photonics Engineer of the 
22nd Century.

For the past 50 years the progress 
of lasers as a technology and as an 
industrial tool has all been onwards and 
upwards and the forecast is good for 
the foreseeable future. That is why, on 
this particular anniversary, we should be 
looking forward with confidence to the 
future for lasers in industry and for AILU. 

Mike Green, Editor  
mike@ailu.org.uk
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The launch of AILU at 
the National Motorcycle 
Museum, Solihull on 
1 November 1995.
The event was opened 
by Richard Page MP, 
Secretary of State for 
Small Businesses, Industry 
and Energy, and over 100 
attended. 
(l to r) Gerry Miles (DTI 
Project Manager), Mike 
Green (Secretary), Richard 
Page, Bill Steen (AILU 
President), Paul Hilton, one 
of AILU's founding Vice 
Presidents.
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AILU EVENTS
DECEMBER 2010
9 AILU Workshop 

Working with Polymers 
IoM3 Conference Centre, 
Grantham

 See opposite for details
 

MARCH 2011
15 ILAS 2011 (15 - 16) 

AILU's Industrial Laser 
Applications Symposium

 Birchwood Park, Warrington 
See advert (p21) and  
www.ailu.org.uk for details

AILU supported events 2011
March
14 International Laser Safety 

Conference (14 - 17)

May
23 Laser World of Photonics 2011 

(23 - 26)
23 Lasers in Manufacturing 2011 

(23 - 26)

FUTURE EVENT

Lasers in 21st Century Manufacturing:  
Working with Polymers

Techniques and applications for macro to micro-scale surfacing, volume processing and additive manufacture

Thursday 9 December 2010      IoM3 Conference Centre, Grantham 
Workshop Chair: Ian Jones  TWI Cambridge 

Supported by:

Keynote presentation 
Laser Micro-machining of Polymers:  
Current Medical Device, Aerospace/Defence 
and Renewable Energy Applications
Ronald Schaeffer   PhotoMachining Inc, USA

Polymer-based materials are widely used in many 
forms – films, sheets, mouldings, extrusions, fibres, 
laminates, textiles, coatings, composites etc, with ap-
plications across a broad range of industries. Lasers 
are used for joining, cutting, machining and surface 
modification (including marking) of polymers; and the 
last few years have seen major developments in laser 
types and beam delivery. It offers a comprehensive 
review of recent developments in laser processing 

of polymers and, through many examples of new 
and improved applications, new opportunities in the 
context of 21st century manufacturing needs.

The highly successful AILU workshops offer every op-
portunity for delegates to ask questions and engage 
in discussions with the presenters and with one an-
other. The presentations, combined with a generous 
lunch and refreshment breaks and a tabletop exhibi-

tion have been combined in a programme designed 
to give maximum opportunity for networking between 
the laser and the broader polymer communities

This workshop, held in conjunction with the polymer 
section of the Materials Knowledge Transfer Network, 
brings together the laser and polymer communities 

An introduction to polymers and lasers for 
processing 
Sam Rostami  Consultant

Manufacture with plastics:  Who needs lasers?
Jim Methven  Manchester University

Laser processing of carbon fibre reinforced 
composite
Paul French  Liverpool John Moores University

Laser surface treatment of polymeric materials 
for enhanced cell response
David Waugh  Lincoln University

Excimer lasers for microprocessing of poly-
mers
Ralph Delmdahl and Heiner Eckermann   Coherent 
GmbH, Germany
New tools and applications for micromachining 
Paul Apte   Rideo systems

Laser micro-welding of polymers 
Aurelie Tolton  TWI Cambridge

Manufacture of polymer textiles
Stuart Jackson  EOS Electro Optical Systems

Speaker to be confirmed

Full details on the AILU web site
Register at the AILU office

MM Live 2010: The Micro & Precision Manufacturing Event 
Ricoh Arena, Coventry, 19th to 20th October 2010

The MM LIve show is the leading event for micro manufacturers looking to stay ahead of 
the competition, reduce component size, control cost and improve efficiency in their manu-
facturing processes. Its exclusive focus on the micro and precision manufacturing industry 
provided visitors with an invaluable source of information on the very latest techniques in 
this emerging sector. On the exhibition floor over 150 exhibitors were ready to showcase 
their manufacturing technologies from laser cutting, welding, and micro machining to injec-
tion moulding, inspection and measurement, photo etching, handling and assembly.

The strategic partnership between AILU and MM continues to flourish following the MM 
Live 2009 event. The partnership was formed last year in a bid to increase awareness of 
cutting-edge laser technologies within the micro and precision sector and to raise the vis-
ibility of AILU as the leading UK association for laser users.

Lasers play a crucial part in the manufacture of micro and precision components and 
MM Live 2010 featured many of the leading players on its show floor including many who 
were AILU members. Their products and services included: Applied Laser Engineering's 
range of industrial laser engraving and 3D scanning systems; Bystronic's abrasive micro-
waterjet; Micro-processing services from Laser Micromachining, Oxford Lasers, OpTek 
and Micrometric; Laser Trader's range of Precitec laser cutting, welding & cladding heads; 
OpTek and Oxford Laser's systems integration services; Pro-Lite’s laser, light measure-
ment and positioning solutions; SPI Lasers sources, TRUMPF marking and micromachining 
sources and systems. 

A Micro Manufacturing Conference pro-
gramme, which attracted many visitors, ran 
alongside the exhibition.

AILU stand at MM Live with Liz in attendance
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