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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 

The paper by Ashkenasi and Schwagmeier on p 36 is one 
of the wide ranging selection of topics for this issue. The 
picture shows (left) a glass cover slide with Christmas 
tree cut-out and (right) assembled cut out pieces, all laser 
machined with a Q-switched DPSS laser. The through holes 
in the cover slide are 300 µm diameter.

Helping you make the most of laser technology

C
ou

rte
sy

 o
f L

as
er

- u
nd

 M
ed

iz
in

-T
ec

hn
ol

og
ie

 G
m

bH
, B

er
lin

Issue49 final.indd   2 20/12/07   16:20:21



Association
Formation of the AILU Medical Group

Through its involvement in the Photonics 
Knowledge Transfer Network (KTN), AILU has 
taken a major step towards expanding into 
the growing medical sector with the launch of 
the Medical Group on the 7th November 2007 
at the National Metalforming Centre near 
Birmingham, UK. The event, a workshop to 
address medical sector issues, was organised 
by AILU with the support of the Photonics 
KTN and in partnership with the Health 
Technologies KTN. The workshop was a great 
success with over 70 delegates attending this 
one-day event, of which over 50 signed up on 
the day to join the Medical Group.

"Opportunities for laser-based manufactur-
ing in the medical sector" included speakers 
representing medical device manufacturers, 
research centres and laser equipment suppli-
ers from the UK, Germany, Switzerland and 
Ireland (see Events Review p 46)

AILU's most energetic SIG is the Job Shop 
Group within which subcontract laser-based 
engineering companies organise their own 
events, surveys and a web site forum. Within 
AILU's other SIG, the Design for Laser 
Manufacture Group, members are working to 
encourage greater use of lasers in manufac-
turing. It is this group that is responsible for 
the Design for Laser Manufacture website at 
www.designforlasermanufacture.com. 

With the market for medical technology com-
manding an estimated $180-260 billion, the 
medical sector is a hot topic for manufactur-
ers keen to develop their business portfolio. 
Lasers offer this market fine cutting, drilling, 
marking and joining, generally without a post-
processing requirement, making them the 
ideal tool in many areas of medical device 
manufacture.

The Medical Group will involve laser profes-
sionals involved in producing devices and 
instrumentation for the medical and dental 
sectors, as well as clinicians working in these 
sectors, in planning future events and other 
medical sector activities. Membership of the 
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Medical Group is open to all but only AILU 
members will be able participate in on-line 
discussions and networking through the web 
site members-area Forums.

For further information and enrolment contact 
Anna at anna@ailu.org.uk.

AILU's new web site under development
Some months ago, the web design company 
that produced the current AILU web site 
informed us that they were no longer able to 
support it. Given in particular the changes 
going on within AILU through its involvement 
in the Photonics KTN, in particular plans 
to expand membership into new areas, the 
association has had no choice but to move 
the site to a new host and appoint a new web 
designer to maintain it.

In view of the success of the AILU's Design 
for Laser Manufacture site at www.design-
forlasermanufacture.com, the work of revis-
ing and maintaining the www.ailu.org.uk site 
has been transferred to web site design and 
development company Online Solutions Ltd 
(http://www.onlinesolutionsltd.com/). 

The current site was a major step forward 
from its predecessor and many valuable les-
sons were learned in the process. These will 
all be incorporated into the new site, which 
will ensure the continuity of support that AILU 
needs. New administrative features will make 
the site easier to maintain and expand and 
visitors will find the arrangement of informa-
tion on the site easier to navigate through. 

"The AILU site is very popular, with over 8000 
hits a day," said Anna O'Neil, who is manag-
ing the site update. "As with the DLM site, we 
hope members will provide new material and 
essential advertising revenue."

For further information and offer of help 
please contact Anna at anna@ailu.org.uk.

AILU's new e-newsletter
Each issue of this magazine reaches over 
400 organisations within the industrial laser 
community and is read by several times that 
number of members. Now, starting in 2008 
a monthly cut-down version of the magazine 
will be circulated to the over 4000 individuals 
and will be available for free download on the 
AILU site. 

"The electronic version will allow a great many 
potential AILU members to appreciate the ben-
efits of AILU membership," said Anna O'Neil 
who is currently drafting the first edition.  

For further information and advertising enquir-
ies contact Anna at anna@ailu.org.uk.

Initiatives
Government accepts Sainsbury review of 
the UK science and innovation system
The UK Government will invest £1 billion over 
the next three years to boost business inno-
vation and technology development and will 
create a new science and innovation strategy.

The recently published review of science and 
innovation by Lord Sainsbury of Turville will 
be used as a blueprint. It finds Britain has sig-
nificantly improved its innovation performance 
in recent years, but still needs to do more 
to produce the best possible conditions to 
stimulate innovation in industry.

The UK Government announcement includes: 
new measures to improve the teaching of sci-
ence, technology, engineering and mathemat-
ics;  improved knowledge transfer between 
the research base and business; better sup-
port for early-stage high-technology compa-
nies; and increasing international collabora-
tions to help attract researchers from abroad 
and link British researchers with the best and 
brightest researchers globally. 

Further information about the Sainsbury 
Review can be found on the UK Treasury 
website at www.hm-treasury.gov.uk

TSB launches new Competition
The Technology Strategy Board has 
announced a new competition for proposals 
for collaborative research and development, 
representing a Government investment in 
innovation of around £100m. Submissions 
are being invited in eight technology areas, 
phased as follows:

Phase 1: Materials for Energy / High Value 
Manufact uring (including Medical and Health) 
/ Cell Therapy - £10 million call. Closes 14 
February 2008

Phase 2: Low Carbon Energy Technologies 
/ Advanced Lighting / Lasers and Displays 

Proposed 'wire frames' for the AILU home page
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Technologies for Health - £15 million call. 
Closes 27 March 2008

Phase 3: Gathering Data in Complex 
Environments / Creative Industries. Opens 30 
January 2008, Closes 8 May 2008

Proposals with potential applications across 
several business sectors, which build on links 
between academic and business research 
and which involve SMEs are especially wel-
come. 

More information can be found at 
 http://www.technologyprogramme.org.uk  
T: +44 (0)1355 272155

Framework Programme 7 
Framework Programme 7 (FP7) is now up 
and running. The European Commission's 
CORDIS website at http://cordis.europa.
eu/fp7 has the call texts, work programmes 
and guide for proposers available. One of the 
initiatives of particular interest to many AILU 
members will surely be the 'prodiction' strand 
of the NMP programme. 

The NMP programme
The Nanosciences, Nanotechnologies, 
Materials and new Production Technologies 
programme is about improving industry com-
petitiveness by developing, integrating and 
implementing high value-added technologies 
and processes. Paraphrasing from the NMP 
work programme: 

"The Production strand will involve new 
approaches including sustainable produc-
tion and consumption patterns. Topics the 
research will focus on include: new industrial 
models and strategies; adaptive production 
systems that enable new manufacturing and 
processing methods; networked production at 
a global scale; tools for the rapid transfer and 
integration of new technologies into manu-
facturing processes; and the development of 
new products and engineering concepts."

Project types for the 2008 NMP call include 
large industry-led research projects (typically 
involving 12 organisations and costed at 6 
- 8 M Euro); small projects (typically involving 
6 organisations and 2 - 3 M Euro), SME-led 
research and integration (typically 10 organi-
sations and 4 M Euro) and Collaborative and 
Support Actions (CSAs) relating to benchmark-
ing and communications. 

The first (of 2) stage submission deadline for 
research proposals is 6 March 2008, by which 
time the project idea and some key members 
of the consortium need to be identified. The 
CSA, has a single-stage deadline of 24 April.

For full details see http://cordis.europa.eu/fp7

Powerlase Ltd, manufacturers of nanosecond 
Q-switched, diode-pumped solid state lasers, 
have entered into a collaborative research 
partnership with the Centre for Advanced 
Science & Innovation (CASI) of Osaka 
University in the field of thin film patterning for 
Flat Panel Display (FPD) manufacture.

This announcement follows a period of 
increasingly close ties, in which CASI of 
Osaka University and Powerlase have shared 
technical resource to further their research in 
this field and to develop their individual intel-
lectual property.

“CASI of Osaka University is at the forefront 
of research in advanced manufacturing tech-
niques for next generation FPDs; their reputa-
tion in this field is second to none," said Matt 
Henry, Head of Applications Engineering at 
Powerlase. "By collaborating with Powerlase, 
the world leader in laser solutions for Plasma 
Display Panel (PDP) manufacturing, an inno-
vative partnership has been created that will 

support the needs of 
the FPD industry both 
now and in the future,” 
he added.

Professor Ryohei 
Satoh, Centre for 
Advanced Science 
& Innovation, Osaka 
University, added that 
“Powerlase is an excel-
lent developer and supplier of high power, 
high performance diode-pumped solid state 
laser systems. They make world leading laser 
systems for direct thin film patterning of ITO 
(Indium Tin Oxide) for FPD manufacture. I look 
forward to our partnership achieving an opti-
mum laser system capable of delivering low 
damage to the environment and a high cost 
performance manufacturing.”

Contact: Mark Middleton
E: mark.middleton@powerlase.com

The Laser Cutting Co was sad to announce 
the death of John Stalker, Managing Director, 
on 2 October aged 60 years following a 
lengthy battle with cancer. 

John and Dee purchased the business, 
which had been in operation since 1981 in 
December 2003 and have since transformed 
it with massive new investment and a whole 
new ethos on quality, productivity and cus-
tomer focus.

John had previously been Managing Director 
of Van Leeuwen Precision Tube. The transi-
tion into laser cutting of tube and plate came 
easily for John maintaining many long-stand-
ing and beneficial business relationships. He 
built a new management team and together 
they grew the business back into a premier 
position in the Laser Cutting market place.

John was promoted at the age of 25 to be 
the youngest MD ever in the Ductile Steels 
Group and went on to other divisional 
appointments in the Glynwed International 
Group, his career progression took him from 
MD of individual companies within Glynwed 
to manage multiple businesses across the 
UK, France and Canada, some of which 
were, for the nostalgic, Wednesbury Tube, 
George Gadds, W Wessons Steel, Firth 
Cleveland and Hub Tubes etc. John rose to 
Group Divisional Director and was a charis-
matic and sometimes maverick driving force 
on the Operations Board of Glynwed Steels 
for many years. 

The team at Laser Cutting headed now by 
Dee Wilde are ploughing on aggressively 
with the vision to be a premier supplier of 
laser cut metal components to blue chip and 
OEM partners, and have a massive ongoing 
investment plan which will see further new 
automatic loading machines installed in two 
tranches during 2008. 

Dee says, “John was proud of the achieve-
ments that we were continuing to make 
at the business. During his illness he was 
always heartened to see the monthly man-
agement figures showing the bottom line 
going from strength to strength.” 

Obituary
The legacy lives on

John with his wife Dee Wilde

Powerlase and Osaka University collaborate in flat panel display manufacture 

Direct laser ablative 
removal of the ITO layer in 
ITO-coatd glass 
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Wayne heads up the tube division at The 
Laser Cutting Co 
Wayne Exelby joined 
Laser Cutting in April 
this year and has 
become a valuable 
member of the team, 
heading up the Tube 
Division. 

”I’ve really settled 
into the team and I'm 
delighted that every-
one has a strong customer focus with a high 
quality work ethic - in fact, it's the highest I've 
ever seen in the industry!” said Wayne. 

Wayne’s biggest strength lies in his ability to 
help and advise clients looking for possible 
ways of improving efficiency in production 
and lead times.

Contact: Dee Wilde
E: dee@lasercutting.co.uk

Lasag's new European Sales Manager 
Lasag is pleased to 
announce that Michel 
Normandon has been 
promoted to European 
Sales Manager. In his 
new role he will lead 
the European Sales 
team for all opera-
tional issues and will 
be responsible for the 
Sales revenue of the 
entire European market. 

Michel joined Lasag in February 2005 as 
Regional Sales Manager based in Thun. With 
over 20 years of sales experience in the laser 
field he has lots of industry relationships in 
several European countries. 

Contact: lasers@lasag.ch 

Business
GSI Group begins manufacture of pulsed 
Nd:YAG lasers in China
GSI Group Laser Division, manufacturer of 
industrial lasers, has announced the manufac-
ture of its flagship range of JK pulsed Nd:YAG 
lasers at its Suzhou Industrial Park facility in 
the People's Republic of China.

The move will serve the growing market in 
China for JK Series 125 W and 300 W output 
power level lasers. Asia-based companies 
currently represent over 50% of GSI Laser 
Division's customer base.

The move will bring JK laser technology clos-
er to its Asian customers, giving them greater 
access to expertise and technical support 
locally. 

The Suzhou facility will be run by engineers 
trained at every stage of manufacture, assem-
bly and test at GSI's manufacturing head-
quarters in Rugby, UK. All lasers will be built 
to the same standard as those manufactured 
in the UK.

Emrys Jones, business development director 
at GSI, said, "The Chinese market is becom-
ing increasingly important to us. The growth 
of the automotive and electronics industries in 
China has led to a demand for the very best 
in manufacturing technology."

"The JK Lasers pulsed range is the best on 
the market when it comes to the precise 
materials processing needed in the manu-
facture of critical, high-performance compo-
nents," added Emrys.

Contact: John Chinn
E: jchinn@gsig.com

People
Dave joins CBM Board
David Lindsey, 
Managing Director 
of Cannock-based 
Laser Process and 
active member of the 
Laser Job Shop Group 
committee, has been 
elected to the Board of 
the Confederation of 
British Metalforming.

"The CBM is keen to create greater involve-
ment with the laser sector and the approach 
to me was made partly with that in mind," 
said Dave. 

Contact: Dave Lindsey
E: dl@laserprocess.co.uk

Lin Li elected as LIA Fellow
AILU committee mem-
ber Lin Li, Professor 
of Laser Engineering 
at the University of 
Manchester, has been 
made a fellow of the 
Laser Institute of 
America. 

Lin has been involved 
in laser materials 
processing research for more than 20 years, 
and is one of the pioneers for the applications 
of diode lasers in materials processing. 

Contact: Lin Li
E: lin.li@manchester.ac.uk

Mike Damzen elected Fellow of the OSA 
Michael Damzen, 
Founder of Midaz 
Lasers Ltd and 
Professor of 
Experimental Laser 
Physics at Imperial 
College London, has 
been elected a Fellow 
of the Optical Society 
of America. He was 
presented with this 
honour at an awards ceremony at the Laser 
2007 Show in Munich on 19 June 2007.  

Mike has contributed to optics and laser 
physics over more than 25 years through 
teaching and research into nonlinear optics 
and development of laser technology. 

Contact: Dennis Camilleri
E: dennis.camilleri@midaz.co.uk

SITUATION VACANT
Sales/Service Engineers with relevant 
qualifications and 1-3 years experience 
in the sheet metal fabrication industry to 
work from our European office based in 
the UK office. Laser systems experience 
is particularly sought. 

Sahajanand Laser Technology Ltd., is a 
young and dynamic organization. We manu-
facture sheet metal fabrication and laser 
marking systems. For full details please visit 
our website at www.sahajanandlaser.com  
We have recently established a European 
base in the UK and in 2008 we are looking to 
make a major expansion in sales of our laser 
cutting systems.

We offer a good salary commensurate with 
industrial standards together with security, 
status and an overall sense of satisfaction.

Come, join Team SLTL and witness your 
career take a quantum leap. 

Please send your CV by email to:  
kanti@sahajanandlaser.com
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M-Solv, a global company formed to advance 
laser micromachining applications, has 
recently been established. The UK site in the 
Oxford University Begbroke Science Park will 
be a development centre, while manufactur-
ing of machines will be done in a sister M-
Solv company in Hong Kong. 

The 3 founding Directors and other staff 
are former employees of the renowned UK 
micromachining company Exitech and have 
over 80 years of combined experience in the 
development of new laser processing  
applications.

M-Solv performs specific process research, 
design, engineering and manufacture of 
advanced laser processing tools for micron 
scale ablative machining and other special-
ised laser materials processing applications. 

M-Solv has initially been commissioned and 
funded by a major Asian manufacturing com-
pany to provide niche microelectronics pro-
duction machines for their internal manufac-
turing processes. The final microelectronics 
components are miniaturised and will be used 
in the fast growing portable and handheld 
electronics industry.

M-Solv's range of applications will be further 
extended to encompass areas where laser 
processing will be incorporated for economic 
and environmental reasons and to enable 
new manufacturing techniques and compo-
nent design to be realised. These sectors 
include semiconductor, microelectronics and 
flat panel manufacture.

Contact: Adrian Baughan 
E: adrian.baughan@m-solv.com

Powerlase 21st fastest growing UK company
Powerlase, UK manufacturers of diode-
pumped solid state lasers, have been listed 
in The Sunday Times Microsoft Tech Track 
100 rankings as the 21st fastest growing pri-
vate technology company in the UK and the 
highest placed industrial manufacturer in the 
rankings.

Powerlase has been able to achieve impres-
sive growth by capitalising on increasing 
demand amongst consumers for flat-panel 
display (FPDs) televisions, and has devel-
oped the Rapid Laser Patterning (RLP) tech-
nique that enables electronics companies to 
increase the high-volume manufacturing effi-
ciently of the FPD units. Powerlase has made 
significant inroads in the plasma display panel 
(PDP) and liquid crystal display (LCD) mar-
kets, leading to high-profile deals with elec-
tronics giants Samsung and LG.  

Powerlase’s position in the Tech Track 100 
league table is due to the company’s contin-
ued success and expansion, with a year-on-
year growth of 400% during 2006. A global 
distribution network has also been established 
over the past 12 months, bringing opportuni-
ties in the European, Chinese and Japanese 
markets in addition to those in Korea. 

Contact: Mark Middleton
E: mark.middleton@powerlase.com

MEMBERS’ NEWS
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Nucleus of the M-Solv UK team. (l to r) Pete Richards, 
Becky Fox, Graham Strudwick, Phil Rumsby, Adrian 
Baughan

M-Solv: A new UK manufacture of advanced laser microprocessing tools 
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Prima celebrates 30 year anniversary with 
record sales

Prima is celebrating 30 years in the industrial 
laser business by posting the best financial 
results in the group’s history. Consistent 
growth across all areas of the business dur-
ing its last financial year has enabled Prima 
to record a 2006 turnover figure of 150 million 
Euros, an increase of 33% over the previous 
12 months.

Prima installed the first laser cutting machine 
in 1979, for processing large 3D pressed 
components. During the late 1980s, the com-
pany increasingly focused on laser machin-
ing, divesting its interest in other activities. 
Expansion of its 3D range with the Optimo 
and Rapido models was followed in the early 
1990s with the company’s entry into the 
expanding 2D machine market, leading to the  
introduction of the Optimo and Rapido mod-
els, along with machines such as the Domino, 
Mosaico and Maximo.

The company’s first Chinese joint venture 
Shenyang Prima, took place in 1999, followed 
by Shanghai Unity Prima in 2003 and more 
recently, OVL Convergent. In 2003 Prima 
Industrie was floated on the Italian Stock 
Exchange. Convergent Energy in the USA 
was acquired in 2000 and Laserdyne in 2001, 
opening the way for Prima Industrie to pro-
duce its own laser generators under the name 
Prima North America. In parallel, the group’s 
presence in Asia was been expanded through 
its Japanese joint venture, SNK Prima.

During the past two years, Prima’ has intro-
duced the Syncrono and Rapido Evoluzione 
models, which have been confirmed as the 
most innovative machines in their respective 
sectors (2D and 3D profiling) through interna-
tional awards won at Birmingham in the UK 
and Hannover in Germany.

Prima Industrie’s 30th anniversary has also 
been marked with the launch of the group’s 
new website at: www.primaindustrie.com. 

Contact: Joe Attuoni
E: joe@primauk.com

New Products
Sources
Trumpf's new high efficiency, high beam 
quality, high power laser
The new Trumpf TruDisk 8002 has the power 
and processing efficiency for extremely tough 
jobs with an exceptional beam quality normal-
ly associated with an altogether less powerful 
laser. Powered by four disks and 16 pump 
modules this is the first ever disk laser with 
8kW of output power. With an electrical effi-
ciency of 25% it also has a low running cost. 

The high power and high beam quality of this 
laser source opens up an enormous range of 
applications.  It can process almost all materials 
with ease, even highly reflective metals such as 
copper or aluminium. It is able to create a weld 
10 mm deep in mild steel at a speed of 1 m/
min. At a welding speed of 20 m/min a weld 
depth of 3 mm can still be achieved.  

This high processing speed naturally allows 
shorter cycle times and higher throughput. 
Typical applications are heavy duty welding of 
construction equipment, heavy machinery, ship-
building and vehicle manufacture.

The modular concept of the TruDisk makes it 
easy for the system to be modified or extend-
ed. At the same time, the advantages of flex-
ible fibre delivery in tandem with the Trumpf 
Laser network control system bring significant 
production advantages.

Of particular customer benefit on Trumpf 
disk lasers is the ‘user space’.  On the laser 
machine the plug-in connector for the laser 
fibre optic delivery cable is separated from 
the optics by a sealed wall.  This means that 
the laser does not have to be switched off 
when connecting or disconnecting the fibre 
optic cable. Further, the ability to uncouple 
components such as the pump diodes, reso-
nator system and fibre optic cables ensure 
long term cost effectiveness and minimum 
downtime.

Contact: Gerry Jones
E: g.jones@uk.trumpf.com

Multiwave launches next generation Pulsed 
Fiber Lasers (MOPA)
Multiwave Photonics has introduced two new 
product families of next generation pulsed 
fibre lasers. The MOPA-M and MOPA-L offer 
the user a unique level of control of pulse 
characteristics, timing and laser operation, 
through proprietary Pulses On Demand and 
Pulse Gating technologies.

These features significantly increase through-
put and flexibility in applications such as 
micromachining, precision marking, sintering, 
scribing, LIDAR and remote sensing.

The new lasers are based on a MOPA archi-
tecture (Master Oscillator Power Amplifier) 
that uses proven Multiwave subsystems and 
are packaged in a compact OEM enclosure 
that includes control electronics and heat 
management.

MOPA-M pulsed fibre lasers are optimised 
for materials processing applications, offer-
ing capabilities that significantly increase 
throughput, control and flexibility, whereas the 
MOPA-L pulsed fibre lasers are optimised for 
LIDAR and remote sensing applications, offer-
ing short optical pulses with a narrow spectral 
width at lower repetition rates.

The MOPA-M pulsed fibre lasers operate at a 
wavelength of 1 μm and are rated for average 
powers up to 10 W (20 W in development), 
and offer:

-  Pulse width from 10 ns to 200 ns.
-  Repetition rate from single shot to MHz.
-  Temporal pulse shaping technology offer-

ing the user a range of combinations of 
pulse width and temporal shape.

-  Pulses on demand and backward com-
patibility with many laser control systems 
using Multiwave’s unique pulse gating 
technology.

The MOPA-L pulsed fibre laser operates at 
1 μm and is rated for an average power of 5W.

Contact:  David Gibson
E: da-gibson@photonlines.com

Prima's UK Sales Manager Joe Attuoni outside the 
Coventry office.

Trumpf's TruDisk 8002 .

The MOPA-L Pulsed Fibre Laser 
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New product lines from Photonic Solutions
Femtosecond sources
High Q Laser has launched the ultra compact 
femtoREGEN™ UC – an all-in-one femtosec-
ond regenerative amplifier - delivering 2 W 
power at 200 kHz repetition rate with 350 fs 
pulse duration on a footprint of 34 cm x 78 
cm. The system presents industrial reliability 
and robustness and can be customized to an 
OEM integrator’s needs for medical, industrial 
and scientific applications such as tissue 
engineering and nano processing. It is based 
on the high end Yb-doped laser materials and 
utilizes High Q Laser’s Intra-Cavity-Chirped-
Pulse-Amplification (ICCPA).

The femtoREGEN UC holds the resonator of 
the regenerative amplifier and the Pockels 
cell in one monolithic module, integrates all 
pump laser diode modules, the seed oscilla-
tor and the amplifier in a single ultra compact 
housing. The seed laser is designed as a High 
Q Laser ultra compact (UC) module itself for 

high stability and compactness. The UC seed 
oscillator operates at a “de-rated” nominal 
pump current for longest MTBF and is based 
on High Q Laser’s patented resonator folding 
technique withstanding a 50 g shock test for 
most robust performance. The semiconductor 
saturable absorber mirror (SESAM) provides 
passive and self-starting mode locking for 
high temporal stability.

Application areas for the femtoREGEN include 
cold ablation of biological and semiconductor 
material, mask repair, flat panel display repair, 
nano scale thin film ablation, and ultrafast 
spectroscopy.

Small Platform Excimer Laser
The EX350 from GAM Laser Inc. offers the 
highest available pulse energy from a small 
platform excimer laser. Offering up to 20 W 
average power at 248 nm when running at 
100 Hz, this laser is the system of choice to 
provide high energy and high performance in 
a compact and low cost package.

Distributed by Photonic Solutions PLC in the 
UK, the EX350 laser is a total metal/ceramic 
laser housed in a single air-cooled table top 
package of dimensions 78 x 43 x 34 cm. Fully 
computer controlled, with corona pre-ioniza-
tion, low trigger jitter and long gas lifetime, 
this single package laser has unmatched 
pulse-to-pulse stability.

Available at the following UV laser wavelength 
157 nm, 193 nm, 248 nm, 308 nm and 351 
nm, this laser can operate at 50 or 100 Hz 
with a pulse duration of between 18 and 22 
ns. Long gas lifetime of up to 120 days and 
pulse component lifetime of greater than 1 bil-
lion pulses, results in a low maintenance and 
cost efficient laser system.

GAM Laser Inc. offering the longest gas life-
times of any excimer laser with pulsed ultravi-
olet outputs from 2mJ to 200mJ and average 
powers from 1W to 70W.  

Industrial diode laser series to offer 100W of 
CW or pulsed power
JDSU have expanded their Industrial Diode 
Laser (IDL) series with the introduction of 
diode lasers offering 100 W of CW or pulsed 
output power at wavelengths 915 nm, 940 nm 
and 965 nm. 

JDSU’s IDL lasers incorporate multiple single-
emitter diodes, which benefit from relatively 

The femtoREGEN UC 

The EX350 laser, 
providing the 
highest available 
pulse energy 
from a small 
platform excimer 
laser
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stress-free operation compared to a diode 
bar in a similar situation. These single-emit-
ters are less likely to fail and benefit from a 
diode lifetime that is unaffected by pulsed 
mode operation. This robustness and long-life 
expectancy is critical in the many industrial 
applications that this laser is routinely used 
in.  The all-in-glass design of these fibre 
delivered diode lasers offers superior beam 
quality in pulsed or CW operation. 

The IDL series is supplied with a 600μm, 
0.22NA delivery fibre terminated with an SMA 
connector. An optional focusing termination 
provides a round, top hat beam profile that 
allows for uniform heat distribution at the 
working distance of 85mm. Typical applica-
tions include welding, marking and manufac-
turing applications.

Contact: Doug Neilson
E: doug@psplc.com

Synrad Firestar t70i rolls out January 2008
After a year of 
exhaustive cus-
tomer trials and 
pre-production 
testing, Synrad will 
begin shipping the 
new firestar t70i in 
January 2008.

Based on Synrad’s 
high performance t-series technology, the t70i 
provides a guaranteed 70W of CO2 power 
from a compact, rugged design; actual out-
put power is significantly higher. With a fully 
integrated RF power supply, overall dimen-
sions of only 528 x 117 x 171 mm, and air or 
water-cooled configurations, the t70i is ideal 
for high-speed engraving and marking appli-
cations.

The t70i has been designed with OEM cus-
tomers in mind, and represents the best 
power/performance/price combination of any 
Synrad laser.

Contact: Gary Broadhead
E: garyb@laserlines.co.uk

Rofin-Baasel StarFibre Series 
The new 
StarFibre 
series of 
lasers from 
Rofin-Baasel 
can be oper-
ated in CW 
mode and 
pulsed mode 
up to 20 kHz with pulse width down to 10 
μs, and are available in 100 W and 200 W 
versions. 

The power supply and processing optics 
of the StarFibre system are housed in a 
compact and robust cabinet together with a 
control unit which provides precise and con-
sistent pulse shaping. Also integrated into the 
system cabinet is a colour TFT screen which 
provides the operator with a graphical user 
interface and fully integrated help menus. This 
concept enables the cabinet to be integrated 
alongside any other control systems which 
may be part of a production line, with the 
compact scanning head located at the work 
piece presentation area.

The combination of high beam quality, choice 
of power and operational mode selection 
means that the StarFibre series lasers can be 
used for a broad spectrum of precision weld-
ing and cutting applications, and perform-
ance can be enhanced by fitting a low inertia 
scanning head. In this way, StarFibre lasers 
can produce precision welds on components 
such as batteries, fuel cells, sensors, electro-
mechanical components and medical com-
ponents. Similarly, the laser can be used for 
a wide range of precision cutting applications 
including mobile phone components, medical 
implants and other medical components such 
as guide-wires.

Contact: Dave MacLellan
E: sales@rofin-baasel.co.uk

Innovative uses of Rofin CO2 Lasers
Rofin SCx CO2 lasers are small, lightweight 
and compact in design and offer excellent 
beam quality. Available up to 600 W, these 
lasers are used to cut textiles, plastics, wood, 
glass and thin sheet metal.

In one application, Robot Technology GmbH 
to use the Rofin SCx range of lasers for 
integration into their Robocut laser cutting 
robot system. Robocut combines Robot 
Technology’s innovative design concept with 
the attributes of the Rofin SCx range and the 
flexibility of the ABB – IRB4400 robot system.

The result of this partnership is a uniquely 
compact and powerful laser robot system 
which is used by automotive 1st and 2nd tier 
suppliers to produce high quality interior and 
exterior trim components e.g. front and rear 
door panels and load space trim components. 
Exterior parts such as front and rear bumpers 
are also processed using this system.

The reliability and performance of the Rofin 
laser enables Robot Technology to provide 
their customers with a high quality laser cut-
ting system that can match the expectations of 
the user and the industry for years to come. 

Contact: Dave Tinker
E: sales@rofin-baasel.co.uk

Rofin StarPulse for welding applications

The Rofin-Baasel StarPulse family of lasers 
from is a new generation of pulsed YAG rod 
lasers with power ratings up to 500 W. 

Precision welding of delicate components is 
achieved using the accurately controlled low 
end pulse peak power of 10 W. With up to 
20 kW of peak power available, high quality 
welding on highly reflective materials such 
as aluminium and copper up to 2.0 mm thick 
can be achieved at high processing speeds. 

The new Rofin Control Unit employs Double 
Closed Loop™ principles for guaranteed 
pulse to pulse repeatability of <1% variation 
even at lowest pulse energies. This pulse 
stability together with outstanding intra pulse 
control, which is unaffected by reflections 
from the work piece, means that precisely 
controlled pulses of only a few mJ of pulse 
energy can be used to weld extremely thin 
wires of 50μm diameter or to produce seam 
welds in thin section metal parts. 

Contact:  Dave MacLellan
E: sales@rofin-baasel.co.uk

Member of the JDSU Industrial Diode Laser (IDL) series 

The new firestar t70i

The Robocut Laser Robot with Rofin SCx Laser
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SPI Lasers, a leading designer and manufac-
turer of fibre lasers is finding that the solar 
energy market is becoming a significant 
sector for the use of its fibre lasers. Having 
only discovered that fibre lasers were a good 
match for elements of the solar industry in 
the summer of 2007, the company have 
already identified various aspects of the 
solar energy industry, such as scribing of 
thin films, edge isolation, silicon drilling and 
cutting of crystalline silicon solar cells which 
are making a high impact in the solar energy 
market and are requesting solar manufactur-
ers to come forward to test these and other 
uses for the fibre laser.

The solar industry is currently experiencing 
significant growth in size, geographic expan-
sion and technology proliferation. Technical 
evaluations have revealed that SPI’s pulsed 
fibre laser can be used in a number of key 
applications for the manufacture of solar cells.

“Since entering the sector only 6 months ago, 
SPI has already gained more than five new 
solar customers” said John Tinson, VP of 
Sales. He continued “and many more are cur-
rently evaluating SPI’s lasers”.

SPI see a lot of emphasis going into thin 
film technologies where the use of lasers for 
selective fine scribing of thin films is a grow-
ing application area. Thin films of materials 
such as molybdenum, ITO and TCO typically 
in the order of a few microns thick on glass 
substrates need to be scribed. SPI’s pulsed 
lasers are ideal for this application as their 
high repetition rates allow for sufficient pulse 
overlap at high processing speeds. “Many 

of these materials 
only require low 
pulse energies to 
remove the layer 
without damag-

ing the substrate and can benefit from the 
lasers’ ability to operate of pulse frequencies 
up to 500 kHz,” said SPI's Jack Gabzdyl.

Within silicon solar cell technology there are 
also a number of target applications includ-
ing edge isolation and silicon cell cutting. 
Conventional q-switched lasers are used 
for crystalline silicon edge isolation but can 
suffer from high levels of debris and micro 
cracking. Initial trials with SPI’s pulsed fibre 
laser have shown that using high pulse fre-
quencies result in significant improvements 
in scribe quality. “Using low pulse energy 
short pulses give enhanced control of the 
heat input into the process and helps reduce 
debris and minimise the thermal dam-
age” said Dr Tony Hoult, Manager of SPI’s 
Applications Lab. 

SPI have also developed a proprietary silicon 
cutting process that is well suited for cut-
ting of crystalline silicon solar cells. Cutting 
speeds in excess of 6m/min can be achieved 
with just 200 W with smooth cut edges. The 
process can be used to cut shapes, which is 
seen as a limitation of conventional saw or 
scribe and break techniques.

Lasers are making a major impact in manu-
facturing solar cells. A number of other appli-
cations such as welding, soldering, drilling 
and edge deletion are all being developed 
for the solar market within SPI’s applications 
laboratory with fibre laser solutions.

SPI are certain that they have not yet 
uncovered all the potential uses for lasers 
within the solar industry and are requesting 
companies to come forward to test samples 
in their Applications Lab. This is a free of 
charge, proof of principle concept that is the 
fast track way to conduct application trials. 
In addition, SPI offer a 'try before you buy' 
program and SPI provides a progressive pro-
gram to support academic and not for profit 
research centres.  

Both the proof of concept and try before you 
buy programs mentioned here can be found 
by clicking on the SPI web site at www.spila-
sers.com and registering your details.

Contact: Jack Gabzdyl
E: jack.gabzdyl@spilasers.com

(above) Silicon Cutting with a 
fibre laser and (right) cut edge 
of a sample 0.2 mm thick.

20 µm
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Component handling
New generation of Newport positioners
Since the beginning of 2007, Newport 
Corporation has been undertaking a major 
program to revisit some of its most popu-
lar motorized positioners. As a result there 
are several new replacement products that 
feature significant improvements over their 
predecessors at design, look and perform-
ance levels; all this at the same or even lower 
prices. 

Linear UTS stages
The new UTS stages have been introduced 
as a replacement to the popular UTM series 
linear stages. They incorporate many of the 
advantages of the UTM series and provide 
superior motion performance in an enhanced, 
shorter, and lower profile package. The UTS 
stages benefit from a number of mechanical 
improvements and completely new motor 
configurations: 2 x faster speed, 10 x higher 
resolution, 33% superior repeatability; all at a 
lower cost than the previous UTM stages. 

UZS80 vertical linear stages
UZS80 is the successor to the outgoing 
UZM80 stage. It offers better performances 
and 12% more travel at a comparable price 
and is recommended for high-precision verti-
cal translation in applications requiring submi-
cron resolution. Unlike vertically-mounted lin-
ear stages, these stages allow the payload to 
be centred over the bearings, avoiding posi-
tioning errors caused by cantilever effects. 

BG Series goniometric cradles 
The Newport BGS50 and BGS80 goniometric 
cradles are the successors to the BGM50 
and BGM80 models. They provide large angle 
rotation on a transverse axis above the plat-
form. The cradles are available in 5 sizes and 
may be configured with DC motors or step-
per motors. They are priced some 20% lower 
than the previous BGM versions.

RVS80 rotation stages
The new RVS80 rotation stages are to suc-
ceed to the popular RV80 stages. They 
provide high-precision angular positioning 
accuracy combined with high load capacity in 
a compact, annular design. 

SMC100PP single axis motion controller
To complement the SMC100CC DC motor 
controller/driver, Newport has introduced the 
SMC100PP, a single axis motion controller/
driver for two-phase stepper motors.

More information on Newport’s range of 
motorized positioning stages and controllers 
can be found at www.newport.com/moveme.

Contact: Jon Richardson
E: jon.richardson@spectra-physics.com

Solar shines brightly for SPI Lasers

Molybdenum thin film 
ablation for thin film 
cells 

Comparison of Q-
switched YAG and 
fibre laser cutting of 
silicon.

Top: Q-switched YAG

Bottom: SPI Fibre 
Laser

200 µm
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controller and MXH500 multiplication is 0.133 
μradians for the largest stage.

The non-contact design ensures an extremely 
long life with almost no maintenance required, 
making the ABRT rotary stage a perfect 
match for demanding high throughput manu-
facturing and inspection applications found 
in semiconductor production, DVD mastering 
and MEMS/nanotechnology fabrication. 

Each of the three stage designs includes a 
through hole which can provide a clear aper-

ture for laser beam delivery, product feed 
through etc. Manufactured from aluminium, 
black anodised and with a hardcoat finish for 
extra durability, the ABRT series includes an 
assortment of mounting holes, T slots and a 
connector block for motor power and feed-
back connectors. Custom engineered modifi-
cations can include adaptation for rate table 
and inertial navigation test stands with slip 
rings, pneumatic and hydraulic unions built-in.

Contact: Cliff Jolliffe
E: cjolliffe@aerotech.co.uk

UltraLO

ULO Optics European & Worldwide          ULO Optics USA
Tel: +44 1438 767 500
Fax: +44 1438 767 555
Email: info@ulooptics.com

Tel: +1 530 878 2804
Fax: +1 530 878 6624
Email: info@ulooptics.com

Low absorption for high power
ULO Optics offers laser optics  UltraLO lenses typically

      absorb <0.15% of CO  laser 
      energy so they last longer than 
      standard AR coated lenses.

with UltraLO absorption
coatings for use in high 
power CO  lasers.

ULO Optics

2

2

www.ulooptics.com

Aerotech launch Fast Delivery Service
Aerotech have launched a Fast Delivery 
Service (FDS) for a selected range of posi-
tioning stages, motors and motion controllers. 
Combined systems are pre-configured with a 
generic parameter set-up and a factory run-in 
test, guaranteeing straightforward integra-
tion into the customer's application. The FDS 
programme does not incur additional costs 
and is available throughout Europe from 
Aerotech's UK and German sales offices or 
through appointed distributors.

The main products covered by the FDS 
programme are the ADRS 100, 150 and 
200 direct drive rotary stages, ATS 115 and 
165 direct drive linear stages, all 23 and 34 
frame brushless servomotors, and Soloist™ 
CP motion controllers. Lead times from the 
manufacturing plant are 10 working days for 
stages and under 5 days for motion controls.

Aerotech will be building stock to include 
more products in the programme. These 
will include AOM110 series optical mounts, 
ALS1000 series direct drive linear stages and 
ADRT-150-115 series rotary stages.

Contact: Cliff Jolliffe
E: cjolliffe@aerotech.co.uk

Aerotech's new rotary air bearing stages

Aerotech's new ABRT series rotary stages 
combine innovative air bearing mechanics, 
direct-drive servo technology and ultra-high 
precision angle encoders to provide excep-
tional levels of angular positioning perform-
ance. Available in three models with nominal 
tabletop diameters of 100 mm, 150 mm 
and 200 mm, they provide up to 70 kg load 
capacity with bidirectional repeatability to less 
than 1 arc-sec (< 5 μradians) and calibrated 
angular accuracy to +/- 2 arc-sec.

The ABRT series feature large-area air-bear-
ing surfaces that are fully preloaded to ensure 
maximum stiffness, high load capacity and 
extremely low axial, radial and tilt motion 
errors. Aerotech's high torque S-series direct-
drive brushless and slotless servo motors 
are directly coupled to the precision encoder 
feedback system, providing smooth and 
backlash-free motion with excellent in-posi-
tion stability. Overall angular resolution when 
using Aerotech's A3200 Automation Platform 
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Medical device products and implants such 
as stents have to meet the highest quality 
requirements. As production is commonly 
only partially automated, quality control 
measures generate high costs. The introduc-
tion of a robotic handling system is therefore 
an important step towards a sophisticated, 
automated supply side management on an 
industrial level. 

"The production steps for cardiovascular 
stent manufacturing are still mostly manual; 
yet to meet the requirements of a high qual-
ity industrial output supply chain a fully 
automated solution is required", says Eduard 
Fassbind, CEO of Swiss Tec AG in Zürich 
(Switzerland). Swiss Tec specializes in turn-
key, laser-based precision machining solu-
tions for the processing of intricate workpiec-
es; for example, the life-saving stent implants 
that are cut from thin tubes made from super 
alloys such as Nitinol. Their expandable 
metal grid-structures help stabilize collapsed 
arteries after a cardiac infarction.

The most common methods of insertion 
include the use of special catheters that 
can be expanded like a balloon. As medical 
applications for stents have become more 
diverse and common, their number and vari-
ety has increased significantly over the years. 
Increasing production volumes and ever 
stricter quality requirements pose a great 
challenge for the manufacturing capabilities 
of the makers. According to Fassbind the 
solution, fully automated manufacturing steps 
with a focus on each single workpiece, is just 
around the corner.

Soft spots in conventional manufacturing
"Stents are cut one by one from long tubes 
which are fed into the cutting area", explains 
Wulf Oppenländer, Project Manager at Swiss 
Tec. "The stents are then dropped into a 
container and collected batch-wise, mak-
ing it impossible to allocate a stent to a set 
of individual processing parameters and to 
trace or document quality determinating fac-
tors within the manufacturing process." Yet 
manual removal and handling of the fragile 
stents poses an additional danger to the 
integrity of the parts.

But there is more: In order to optimise mate-
rial and stocks, it becomes difficult to vary 
cutting geometries and tube dimensions 
within one batch if conventional machining 
processes are employed.

Robotic Handling of Individual Products
"Using a robot that does not require its own 
safety cage is almost essential in view of 

space requirements and a welcome bonus“, 
says Oppenländer, "because stents are 
manufactured in climate controlled 'clean 
rooms‘, which are expensive. By not requiring 
a cage the clean room space requirements 
are minimised and the cost of a safety cage 
(enclosure, lock, electronic surveillance, etc.) 
are avoided. Also, the operational staff can 
have direct access for routine manipulations 
without the need to interrupt the manufactur-
ing process.

The robot has a reach of 500 mm and works 
with an accuracy of ± 0.1 mm – sufficient for 
the removal and placement of cut stents onto 
batch-specific trays. This process takes the 
robot approx. 15 sec, well below even mini-
mal cutting times for stents (~ 60 seconds).

Seamless Integration
"All our micro-machining platforms are set up 
to include robotic up- and off- load of work 
pieces. If not already included from the very 
beginning, the robotic option can easily be 
installed at a later stage, since all the inter-
faces are ready," offers Oppenländer.

The top-of-the-line Micro-T15F machine in 
particular was developed for high-perform-
ance, industrial processing of small tubes 
(OD 0.2 to 28 mm), with stent manufacture in 
mind. It is powered by a SPI fibre laser. 

Many Advantages
The advantages of robotic handling are not 
limited to the quality of the product alone, 
however. The traceability of single workpiec-
es permits better management of tolerance 
variance and a reduction of waste. Being 
able to identify a single work piece allows for 
more flexibility in choosing the mix of indi-
vidual stent types and cutting geometry. The 
optimization of tolerances and repeatability 
allows for higher machining precision – a 
point of utmost importance for stents with 
pharmaceutical coatings.

"The Swiss Tec approach to improving 
productivity by integrating fully automated, 
fully traceable manufacturing capabilities is 
unique," explains Fassbind. "It will enable 
us to provide a complete tracking history 
for purposes of quality control, from the raw 
material to cutting, drilling or welding proc-
esses to polishing, heating, coating, inspect-
ing, etc. and to packaging and shipping. 
Total quality management, which is already a 
standard in many high tech industries such 
as automotive and electronics, will become a 
standard in the medical device industry too."

This piece was written by Klaus Vollrath and 
translated by Armando Casanova

Europe contact: Eduard Fassbind, President
E: e.fassbind@swisstecag.com

North America contact: Armando Casanova, VP 
E: a.casanova@swisstecag.com

From bulk to single workpiece traceability: improving quality control with robotic part handling

Man’s best friend for 
automating repetitive 
processes. The six-axis 
robot can work side by 
side with operational 
staff without having to 
have to be in a safety 
cage.
Photo: Klaus Vollrath

View of the work area of the laser cutting system. The 
cut stents do not fall into a container (red), but are 
individually picked up by the robot. Electronic and 
mechanical interfaces fully integrate the use of robotic 
handling into the machining process.

Tray with cut stents individually identified
Photo: Klaus Vollrath
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Measurement and diagnostics
Power meter reaches new heights
Lasermet have launched their new ADM-1000 
advanced laser power meter. With market-
leading rise times, this advanced instrument 
offers laser users excellent power-measuring 
performance combined with the ease of using 
a hand-held power meter – all at an afford-
able price.

The specialist design team at Lasermet devel-
oped the ADM -1000 in response to customer 
demand for a laser power meter with better 
quality and performance - one that is truly 
responsive, accurate, stable and easy to use. 

The result is a convenient hand-held power 
meter with an ultra-fast response time 
(700 ns) and the ability to make consistent, 
accurate measurements of peak and average 
power across a wide range of wavelengths 
and power levels. For pulsed laser users, the 
ADM-1000 offers the precision to measure 
and display waveforms up to 400 kHz.  

The hand-held Advanced Digital Meter can be 
used in conjunction with any of the Lasermet 
detector heads.  It provides clear digital and 
graphical oscilloscope display modes and a 
full illuminated numeric keypad for fast, easy 
control and data entry.   

There are a variety of compatible high-per-
formance photodiode and thermal heads to 
choose from depending on the laser char-
acteristics and type of measurements to be 
undertaken.  Standard Photodiode heads are 
available in standard, UV-and IR-enhanced 
models and are fitted with integrating spheres 
to eliminate reflections and allow easy align-
ment and highly accurate measurement.  A 
Compact Photodiode head is also available 
for use in confined spaces.

Thermal Heads include Lasermet’s patented 
speed-up circuitry giving a rise time of 0.1 s, 
effectively instantaneous when used for 
laser tuning. The problems of drift & thermal 
interference often associated with thermal 
heads have been massively reduced through 
Lasermet’s patented advanced integrated sta-
bilisation circuitry.

This versatile instrument has a wide variety of 
applications including production calibration, 
automatic laser stability testing and pulsed 
laser characterisation.

Contact: Paul Tozer
E: sales@lasermet.com

Oxford Lasers VisiSizer range of cost effec-
tive optical spray characterisation systems 
have the ability to measure down to 1 μm 
with high data rates, high resolution images 
and real time data analysis. Unlike other 
characterisation systems, Oxford Lasers can 
provide sizing, velocity measurement and 
images all with the same instrument, thereby  
improving efficiency and saving costs for 
manufacturers. 

VisiSizer provides unique insight into three 
key aspects of the paint spraying process 
– the break up of the spray into droplets, the 
size and velocity distribution of the droplets, 
and the adherence of the droplets to the 
component surface.

The cost and quality of paint spraying opera-
tions, especially in the automotive industry, 
are of vital importance to manufacturers. For 
small manufacturers using air guns to apply 
coating to components, large quantities of 
paint and adhesive are frequently wasted 
because spray guns are unable to target coat-
ing material with any accuracy. For large man-
ufacturers using electrostatic spray coating 
systems (not suitable for small components) it 
is essential that accurate quality assessment 
can guarantee that paint and adhesive are 
being correctly deposited on to target sur-
faces. And government guidelines on spray 
processes continue to place ever more strin-
gent requirements on manufacturers.

By using VisiSizer to obtain measurement 
data and images it is possible to see exactly 
where paint is being sprayed, if it is missing 
the target component, if the paint is being 
distributed evenly, if the paint is adhering 
to the surface, and if the paint spray nozzle 
requires adjustment or a different design.  

Significant cost savings can be made by 
more accurate paint spraying with conse-
quent reductions in the amount of paint, 
adhesive or solvent used. More efficient use 
of coatings, either liquid or powder, also 
results in reduced emissions. Optical spray 
characterisation eliminates the time consum-
ing and expensive traditional measurement 

techniques currently being used by many 
test engineers.

The VisiSizer sizing technique operates by 
using a short pulse laser to illuminate a dif-
fusing screen and thereby provide the back-
light for camera viewing. A digital camera 
with a microscope lens captures images 
of the spray cloud, which are processed to 
extract data regarding spray size, shape and 
velocity.  Even non-spherical droplets can 
be accurately sized – a facility that is almost 
impossible by any other method. 

By using dual laser flashes in short succes-
sion, image quality is greatly improved and a 
greater range of information is obtained.  A 
paint spray plume contains particles often 
moving at such high speeds that conven-
tional lighting would result in problems with 
motion blur.  VisiSizer is able to completely 
eliminate motion blur and by using propri-
etary software it can calculate the movement 
of paint particles and paint velocity, allowing 
velocity vs. size distribution analysis to be 
displayed. These automatic calculations can 
dramatically boost the efficiency of paint 
transfer allowing manufacturers to use less 
coating material more effectively.  

For electrostatic spray systems, VisiSizer can 
provide accurate quality control information 
for the product coating process. Spray gun 
manufacturers can use VisiSizer to see for 
themselves how liquid or powder products 
are distributed after leaving the nozzle, giv-
ing them the opportunity to optimise nozzle 
design and provide their customers with the 
best possible coating results.

Oxford Lasers has had 30 years of experi-
ence in the manufacture and integration of 
lasers and laser systems worldwide.  Their 
team of highly qualified and experienced 
engineers is available to advise on the best 
spray characterisation system for all coating 
purposes.

Contact: Martyn Knowles
E: martyn.knowles@oxfordlasers.com

Affordable automatic paint spray characterisation systems from Oxford Lasers

Single from a 
movie showing 
the impact of 
droplets onto 
a glass slide.  
It shows that 
most droplets 
do not stick to 
the slide until 
a considerable 
numbers 
have merged 
together

Visualization provides insight into how the nozzle 
parameters affect the drop sizes.  Drop sizes can be 
measured at up to 7680 drops per second.
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Safety equipment
Draft Standards for IPL Protective eyewear
Intense Pulsed Light (IPL) technology is 
gaining increasing use within the medi-
cal/cosmetic/beauty therapy fields. Claimed 
treatments using IPL sources include removal 
of: age spots (sun-induced freckles), benign 
brown pigments and spider vein redness. 
Broad spectrum light is filtered to produce 
wavelengths that are optimal for the treatment 
envisaged and the skin type involved.

One of the problems to date has been the 
specification and availability of suitable safety 
eyewear to give adequate protection to both 
the patient and the operator.

Work has been initiated through the 
British Standard Institution (BSI) Technical 
Committee PS2/3 to produce standards for 
suitable protective eyewear for these IPL 
applications. The Health Protection Agency 
has taken the lead to produce the standards, 
resulting in the publication of two draft docu-
ments for comment:

Document 07/30162194 DC – Draft BS8497-
1:2008 Eyewear for protection against intense 
light sources used on human and animals for 
cosmetic and medical applications – Part 1: 
Specification for products;

Document 07/30162197 DC – Draft BS8497-
2:2008 Eyewear for protection against intense 
light sources used on human and animals for 
cosmetic and medical applications – Part 2:
User guide.

Details of these documents can be found 
on the BSI website at http://www.bsi-global.
com/en/Search-Results/?q=8497.

Attention is drawn to interested parties that 
these documents are in the review stage which 
expired on 31 December 2007.  

Comments should be made directly to the BSI 
Technical Committee PS2/3 (the Secretary is 
Emma May at Emma.Mayo@bsi-global.com) or 
alternately to the Project Leader for this work 
- Marina Khazova at the HPA.

Contact: Marina Khazova
E: marina.khazova@hpa.org.uk

Radan meet defence  
market demands

Aish Technologies based in Poole, 
Dorset, specialises in the design and 
manufacture of multi-function and dual 
display consoles which are fitted to most 
British and many foreign naval platforms. 
The company’s sheet metal department 
is the cornerstone of its manufacturing 
ability and the use of Radbend CNC from 
Radan has been key to a decrease in 
lead times by as much as 25% in fabrica-
tion development.

“With 80% of what we manufacture starting 
out as sheet metal, fast production set-up 
and machine efficiency is critical,” explains 
project engineer Jon Beeching. “The beauty 
of the Radbend software is that it puts the 
control back into the hands of pre-produc-
tion, thereby reducing machine redundancy 
and maximising profitability.”

Radan software (Radraft and Radpunch) 
was first introduced at Aish in 1997 with the 
installation of a 45-turret Amada machine, 
because “it was considered to be the mar-
ket-leading solution and we knew that the 
benefits would far outweigh the cost,” says 
Beeching. “Ease of use, increased sheet uti-
lisation and the ability to integrate third party 
software and create flat plan geometry from 
3D, really sold it to us.”

Aish upgraded its machine shop again in 
2004, adding more capacity to its CNC line-
up of Amada press brakes with a Trumpf 
laser/punch combination machine and the 
new V1300X brake press. 

“Our purchase of a Trumpf V1300 brake 
press was a good time to call Radan back in 
to talk about Radbend CNC,” says Beeching. 
“It allows us to do everything we want and 
really proves itself when we are working on 
projects for the MoD as they require a trial 
form before going into full production. Many 
of the ruggedised enclosures we design and 
manufacture for them are mission critical, 
able to function under severe combat condi-
tions – so quality is paramount.”

Radbend CNC allows Aish to carry out all the 
programming for the press brake from the 
design office, enabling the machine to be in 
constant use. With full 3D model simulation, 
bending operations can be programmed and 
verified, improving reliability of finished parts, 
which in turn greatly reduces manufacturing 

costs. With the Trumpf T6000L, for exam-
ple, the company has seen sheet utilisation 
increasing by at least 25% – a huge saving.

In the drawing office, real flat part information 
is taken directly from customers’ DXF and 
DWG files and a folding program is then gen-
erated with any additional information such 
as bend angles and allowances. The geom-
etry is created including associated tooling 
and the programme setup sheets issued to 
the shopfloor where the program is loaded 
into the machine through the DNC link.

“The simple process enables us to produce 
quite complex shapes with relatively minimal 
effort,” explains Beeching. “We had one 
job recently involving a fabricated console 
housing four flat screens for the Navy which 
had numerous compound angles. We were 
able to import the 3D solid model from 
ProEngineer, add ‘skins’ to the shape, assign 
materials and thickness and gradually build 
up the fabrication. Different tolerances were 
involved to fit the flat screens – a potentially 
laborious job made easy with the use of 
Radan 3D.

“When it comes to fabrication, the software 
is excellent for visualising the cut and weld 
lines, giving you more choices of where and 
how to bend or cut before manufacturing a 
part. The installation of Radbend CNC is a 
key element of our lean manufacturing pro-
gramme in the way it minimises production 
of trial fold pieces.”

Some of Aish’s customers such as BAE 
Systems are now designing parts that can be 
imported straight into Radan, which reduces 
the manufacturing time even further – under-
lining the importance of the software to the 
company’s project management capabilities 
in meeting exacting requirements.

“Increasingly our customers are demanding 
shorter and shorter timescales and require 
a very fast turnaround,” says Beeching. “We 
were able to get some brackets for another 
customer out of the door on the same day 
they sent their design – directly into Radan. 
They were delighted and so were we!”

With sustained investment in technology 
including the use of lean manufacturing tech-
niques to offer a one stop shop approach, 
Aish plans to add another two licences 
of Radan 3D and another one each of 
Radpunch and Radprofile to its sheet metal 
capability.

Contact: Trevor Glue
TrevorGlue@planit.com

Software

Case 
Study
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A new range of laser-blocking screens
Lasermet have introduced a new range of 
laser-blocking screens. They are designed to 
be used as passive guards to enclose an area 
where Class 3B or Class 4 lasers are in use; 
either to protect against accidental exposure 
to the laser beam or for long term blocking of 
scattered laser radiation.

All Lasermet laser-blocking products conform 
to legal requirements for the protection of 
employees and third parties from stray laser 
radiation. They are CE marked and certified 
to EN 60825-4 (Safety of Laser Products Part 
4: Laser Guards) and are available in standard 
and heavy-duty versions, both of which can 
be used to block lasers of all wavelengths. 

Standard laser-blocking screens consist 
of a screen of special laser-blocking mate-
rial, which seals to the floor, supported by a 
black-coated steel framework, mounted on 
lockable castors. Multiple screens can be 
connected together in line or at angles and 
can form a complete enclosure if required.  
Protection times in excess of 100 s are 
achieved for 3 MW/m2 over 1 mm2 and 
0.7 MW/m2 over 500 mm2.

Heavy-duty screens are available for high 
power, multi-kilowatt materials process-
ing lasers.  These are made from a 50 mm 
thick sandwich of steel and a lightweight 
laser-blocking material mounted on a pow-
der-coated steel framework, with heavy-duty 
lockable castors. By connecting a number 
of heavy-duty screens together to fully sur-
round a Class 4 laser, the system may then 
be considered under Class 1 safety regula-
tions. Protection times in excess of 100 s 
are achieved for 61 MW/m2 over 4 mm2 and 
2.7 MW/m2 over 2000 mm2.

Contact: Paul Tozer
E: sales@lasermet.com

Flatbed cutting equipment
Prima Industrie introduces the 1000th 
Platino laser machine
Prima Industrie celebrated the production of 
their 1000th Platino 2D laser cutting machine 
at the Expolaser show held in Piacenza Italy 
during November, when the keys of the 
Platino were handed to the customer, Ritmo 
SpA, a leading manufacturer of welding 
machinery for plastic components.

“Sales of the Platino have been excellent 
since its launch around 10 years ago,” com-
mented Prima sales director Claudio Banchi. 
“Setting new standards in terms of flexibility, 
productivity and reliability in sheet metal 
processing, the machine has so far been 
installed in around 50 countries.”

The long-term success of the Platino has 
been instrumental in Prima growing its market 
share to more than 10% of the European and 

North American flat cutting sector – a posi-
tion underlined by the recent introduction of 
its Syncrono machine, which they claim to be 
the world’s fastest laser cutting system. 

“For Prima Industrie the celebration of the 
1000th Platino sale is above all an occasion 
to thank customers around the world who 
have chosen us as partners for their busi-
ness,” concludes Banchi.

Contact: Joe Attuoni
E: Joe@primauk.com

New laser cuts profiles 
60% faster at BJF

Installing a new Trumpf TruLaser 5030 
Classic CNC laser profiler at the Kent facil-
ity of BJF Lasers has helped speed profil-
ing times by 60%, according to Managing 
Director Bernie Faiers. Furthermore, in a 
concerted investment drive, the company 
has diversified into new markets by installing 
a Trumpf Tubematic tube processing centre 
at the same time.

Founded in 1995, BJF Lasers Ltd has 
entered a period of significant growth since 
Mr Faiers purchased the company three 
years ago. Then, annual company turnover 
stood at £600,000 – today it is £1.8 million. 
The company also only had two laser profil-
ing centres, while today there are four.

The latest of these, installed in March 2007 
at BJF Laser’s facility in Rochester, is a 
Trumpf TruLaser 5030 Classic. Interestingly, 
the company’s existing three laser profiling 
centres were all supplied by a European 
competitor of Trumpf.

“That company has now lost our busi-
ness,” says Mr Faiers. “We moved to Trumpf 
because of the quality of their equipment, 
the support they provide and the user-
friendly nature of the machines – not forget-
ting speed of course. I estimate the TruLaser 
5030 Classic is around 60% faster than our 
existing machines due to its piercing and 
cutting speed. We will now look to replace 
our existing three laser machines with Trumpf 
models in the coming years.”

Since installation, the TruLaser 5030 Classic 
has been set to work producing profiles from 
all kinds of steel, including stainless, up to 
20mm thick. Batch sizes for profiling con-
tracts in sectors such as architectural, civil 
engineering and shop fitting range from 1-off 
up to 20,000.

Sheet metal profiling, however, is no longer 
the sole business concern at BJF Lasers, 
as Mr Faiers explains: “In the time since I 
bought this company I have seen many tube 
opportunities for which I couldn’t tender. It 
was time to change this situation.”

Installed at the same time as the Trumpf 
laser flat sheet cutter, the Tubematic has 
already attracted new business with “much 
more still to be investigated”. Jobs currently 
being processed on the machine, which 
can handle tube up to 152.4 mm diameter, 
include car chassis components, boiler parts 
and hand rails. Batch sizes for tube work at 
BJF Lasers range from 10-off up to 5,000.

The Tubematic makes it possible to cut 
tubes and profiles into sections in a single 
operation including the production of recess-
es and contours. In addition, installation aids 
integrated into the tube simplify subsequent 
work steps. Peg and clip connections elimi-
nate the need for fixtures and time-consum-
ing alignment work. Furthermore, a new part 
removal station optimises access for remov-
ing finished parts. 

Both Trumpf machines are programmed off-
line to fit in with the company’s rapid turna-
round of work. Working 24 hours a day, five 
days a week, BJF Lasers can offer a same 
day service if required.

“Our price and delivery is what sets us apart 
from our competitors,” concludes Mr Faiers. 
“Moreover, with our increased flatbed laser 
capacity, our new tube machine and a host 
of other new technologies, we claim to be 
the largest ‘diverse’ profiler in the southeast.”

Contact: Gerry Jones
E: g.jones@uk.trumpf.com

Case 
Study
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With acknowledgements to Dr John Powell 
and the Laser Institute of America, BOC 
have produced a valuable troubleshooting 
guide to CO2 laser cutting as both a poster 
for display in the factory and (as shown here) 
a convenient handout checklist for laser 
operators. 

First and foremost the troubleshooting guide 
provides a structured approach to what to 
do if you are not getting a good cut from 
your laser. Providing first a structured list of 
actions to fix the problem (and with a guide-
line time for completion of each), it goes on 
to describe each action in detail; the symp-
toms and what to do. 
The list of actions address:

• Nozzle contamination
• Laser power and pulsing conditions
• Cutting speed
• Cutting gas
• Nozzle standoff
• Nozzle type, condition and alignment
• Material specification and condition
• Lens type, condition and alignment
• Beam steering mirror condition and 

alignment;
• Laser mode quality and polarization 

In addition, information displayed in columns 
on each side of the handout addresses 
particular problem areas. These include: 
common faults and their solution (insufficient 
clearance, low pressure, low power, poor 
focus etc); side burning and unequal cutting 
in X and Y; nitrogen purity issues; laser mode 
quality.  

For more information please contact: 
Douglas Macpherson (douglas.macpherson@
boc.com ) in the North, Tony Billinghurst 
(tony.billinghurst@boc.com ) in the Midlands, 
and Peter Suckling (peter.suckling@boc.com) 
in the South. 

The handout version can also be down 
loaded from the AILU members on-line refer-
ence library. To do this use your surname 
and membership number (or the password 
you have set yourself) to access the mem-
bers' area on www.ailu.org.uk, then click on 
'picture library', which provides a number 
of options including 'reference library', from 
where the document can be viewed and 
downloaded as a PDF. 

BOC's new troubleshooting guide 

Multi-axis cutting equipment
Automotive cutting applications with 
Rofin’s StarDisc
Laser cutting in itself is not a new process, 
and for many industries and applications such 
as sheet metal cutting and profiling, lasers 
operate reliably and efficiently in the back-
ground, being accepted as an everyday part 
of the production process.

Within the automotive industry, lasers are now 
becoming the preferred method for cutting 

and trimming of vehicle interior trim compo-
nents such as door panels, roof linings and 
load space trim components etc. As for any 
cutting or machining process however, there 
have always been limitations, and whilst 
lasers are used on interior components and 
also on body in white applications, lasers 
have not been used on finished or painted 
and lacquered surfaces, due to the potential 
for marking or damage to the surface finish 
and cut edge from the heat generated during 
the conventional laser cutting process.

High Material Removal Rates with Low Heat 
Input
The conventional laser cutting process 
removes the molten material from the cutting 
path in one pass. With heat sensitive or non-
homogeneous materials, this high heat input 
can lead to problems of the edge melting and 
the creation of burrs. These process problems 
are now eliminated by the StarDisc Laser, thus 
broadening the application range of the laser 
considerably. 

The operation of the StarDisc is greatly 
enhanced by the use of a Galvo Deflection 
Head, which ensures rapid and precise beam 
positioning in two dimensions. The material 
is ablated at impressive speed using multi-
ple passes, with very high peak laser power, 
achieving rapid material removal rates. The 
StarDisc laser does not normally require assist 
gas and the multiple pass process provides 
efficient material removal, which is expelled 
upwards with minimal melt creation. As a 
result, the StarDisc laser can be used to proc-
ess a much wider range of materials, and can 
be applied to application areas previously 
considered unsuitable for laser cutting. 

New Applications
One application, now made possible by 
StarDisc, is the customising of Car, Van or 
Truck bodies by laser after final painting and 
lacquering.

Many vehicles have a large number of option-
al accessories, and whilst most of these are 
easily fitted during the vehicle build process, 
some such as additional aerials, body styling 
kits and spoilers are fitted at the end of the 
production process, when the vehicle is fully 
painted and lacquered. 

When the StarDisc laser is applied to cut-
ting applications on painted and lacquered 
automotive body panels, a cutting speed of 
approximately 2.0 mm/s is achieved on a typi-
cal material thickness of 0.68 mm. The result 
is a clean cut on the panel, with no damage 
to the painted surface, and no dross or debris 
on the inside of the panel which has been cut. 
The colour of the panel being cut has little or 
no impact on the performance of the laser 
cutting process. 

Another major benefit provided by StarDisc, 
is the fact that the cut component does not 
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fall inside the panel, but remains attached to 
the parent material, ready for removal using a 
vacuum or magnetic gripper.

The benefits of a clean cut with no internal 
debris will enable the StarDisc laser to be 
used on a wide range of thin sheet metal cut-
ting applications ouside of the automotive 
industry, such as the production of electronic 
enclosures where metal particles within the 
panel are unacceptable.

Laser Specification
StarDisc is a Q-switched disc laser and 
provides material removal rates which are 
unrivalled by any other laser source. This is 
achieved by high average power, excellent 
beam quality, (TEM00 – Gaussian Mode), and 
an unusually long Q-switch pulse length.

Technical Background
The performance capability of the StarDisc 
can be illustrated by making a compari-
son of this laser with another Rofin Laser 
– PowerLine E-20. Both are Single Mode / 
TEM00 / Gaussian lasers, with Average and 
Peak power levels as follows :-

 Average Power Peak Power 

StarDisc 60W 2kW (Approx)

PowerLine E-20 18W 250kW (Approx) 

If average power levels are considered, one 
might expect the StarDisc to outperform the 
PowerLine Laser, as the StarDisc has the 
higher average power level. This assumption 
is then reversed if the peak power levels are 
considered, with the PowerLine laser having 
a much greater peak power level than the 
StarDisc Laser. 

However it is the unique combination of the 
high average power, together with the unu-
sually long pulse duration, which enables 
the StarDisc Laser to achieve ablation rates 
which are an order of magnitude greater than 
other Q-switched lasers of a similar power.

Contact: Dave MacLellan
E: sales@rofin-baasel.co.uk

Marking equipment
Tampoprint's Cork-Printer Universal
There is a trend towards individualisation of 
various products and with it production lot 
sizes are declining. To respond to lot sizes 
and motif changes a high degree of flexibility 
is required. 

Now lot sizes from 30 up to 4.500 pieces./h 
can be cost-efficiently marked (vector ori-
ented line motifs) on synthetic corks with a 
combined machine concept, comprising a 
hermetically sealed ink/doctoring system and 
a laser. 

In this concept the printing plate is fabricated 
by means of the integrated laser unit, allow-
ing a quick change of motifs. The printing 
plate that the laser engraves is in the form of 
a 25 m long flexible and novel cliché band. 
With a single motif length of approximately 70 
mm, determined by the cork circumference, 
approximately 250 different motifs can be 
held on one cliché band, without the hitherto 
necessary cliché change. The costs for pre-
press and cliché production that were previ-
ously necessary are thereby either drastically 
reduced or simply do not arise at all. 

The operation of the automation takes place 
via touch screen, PC and a powerful PLC 
control. Optional features such as alterna-
tive feeding systems, pre-treatment and after 
treatment of the cork surfaces are available 
on this innovative printing machine for syn-
thetic wine corks. 

Contact person: Carmen Philipp
E-Mail: info@tampoprint.de

Quicker markers have even greater appli-
cation scope
Speedier laser marking is the principle benefit 
of the new TruMark Series 6000 from Trumpf. 
This improved productivity is thanks to a 
new generation of deflection systems that 
allow an increased output gain of up to 75% 
in the infrared, green and ultraviolet range 
by comparison with earlier models. The new 
markers also have higher pulse peak powers 
and higher pulse energy enabling them to be 
employed for new applications such as those 
found in semiconductor manufacture.

The basic version of the TruMark lasers emits 
in the near IR at 1064 nm.  For processing 
plastics and semiconductor materials, models 
with green (532 nm) and UV light (355 nm) are 
also available. All are equipped with a digital 
scanner. 

The new TruMark 7020 succeeds Trumpf’s 
proven VectorMark impact marker. It can 
be fitted with fibre-optic output enabling its 

homogenous beam profile to achieve higher 
edge sharpness and mark definition.  In addi-
tion to marking, this robot-friendly system can 
also be used for rapid annealing, soldering 
and plastic welding.  Simultaneous process-
ing of two workpieces is possible thanks to 
the availability of twin fibre-optic connections.

To optimize the 
flexibility of the 
new TruMark 
machines Trumpf 
has also upgraded 
its TruTops Mark 
software. Two 
important intro-
ductions are 
‘Quickflow’ that 
allows efficient 
data exchange 
with external sys-
tems and ‘Marking 
on the Fly’ for 
distortion-free 
marking on continuous production lines. As 
the operation of TruMark can now be co-
ordinated with the speed of the transport or 
conveyor system, a clean and crisp mark is 
assured even during changes in production 
flow.

In addition to the new TruMark models, 
Trumpf is also able to provide a range of 
system solutions with its TruMark Station 
workstations. These are easily integrated into 
production lines and options include remov-
able side panels that allow the processing 
of longer workpieces. For semi-automated 
production of medium-sized batches, a dual 
station rotary table with similar compact 
dimensions is also available.

A motor-driven Z axis allows the marking sys-
tems to adapt to varying workpiece heights 
and additional NC axes are also available as 
an option. Available for all handling systems 
is an exhaust system with active carbon filter 
and laser cooling by air or via external heat 
exchangers.

The compact design of the TruMark machines 
in combination with the simple plug-in con-
nection extends their scope for installation.  
All workstations are available in seated or 
standing configuration and conform to laser 
protection Class 1. The status of the laser 
and the efficiency of its operation are eas-
ily and securely maintained via the Trumpf 
TelePresence Portal.

Contact: Gerry Jones
E: g.jones@uk.trumpf.com

TruMark 7020 with fibre optic 
delivery
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Jewellery Marking Made Easy
Laser Marking is a PC-controlled, environ-
mentally friendly alternative to mechanical 
engraving. The digital nature of laser marking 
offers a great variety of individual marking 
solutions.

The particular requirements of jewellery manu-
facturers were the prime focus for Rofin, when 
designing the new Easy Jewel marking sys-
tem. As a result, all typical jewellery marking 
tasks are performed effortlessly with perfect 
results every time. The numerous design fea-
tures of Easy Jewel make the once difficult 
tasks, such as marking the inside of wide or 
irregular shaped rings, simple to achieve.

Just a few Steps
A single fixture is used to grip parts either 
internally or externally, thus providing the 
capability to produce marks not only on the 
inside and outside of the part, but also on 
the faces or edges of the part. The user can 
then determine the marking position using the 
precise jogging feature, and then see a live 
preview from the on line camera, to check the 
position or quality of the finished product.

Complex Tasks Made Easy
Easy Jewel’s sophisticated marking software 
automatically makes geometric corrections 
for applications which require a non-perpen-
dicular approach top the marking area. Large 
marks can easily be achieved with the help of 
the Auto-tilting function within Easy Jewel. 

Reliable Technology
Easy Jewel is an all in one compact and port-
able Laser Marking solution. The enclosed 
laser marking area ( Class 1 ) also means that 
the user does not have to wear laser safety 
eyewear.

Laser marking offer the benefits of non-con-
tact, abrasion-resistant, permanent marking 
onto almost any type of material including 
platinum, gold, silver and titanium with high 
speed and high precision. The Easy Jewel 
system is suitable for jewellery manufacturing, 
trade shops and novelty product applications.

Contact: Mike Batchelor
E: sales@rofin-baasel.co.uk

Rofin-Baasel  launches fibre laser marker
Rofin-Baasel has introduced the new 
PowerLine F fibre laser marker in the UK. This 
20 W diode-pumped Q-switched fibre laser 
has been configured for laser marking appli-
cations and can mark most metals. With the 
standard 160 mm lens the galvo unit has an 
operating area of 120 mm x 120 mm; extend-
able up to 300 mm x 300 mm by use of alter-
native lens options.

Flexible Integration
The flexible fibre technology of the PowerLine 
F combined with the compact design of 
the laser head and galvo unit enables easy 
integration into small machines and existing 
manufacturing lines. 

Efficient & Reliable Technology
the laser is air cooled and has a power con-
sumption of only 300 W, making it efficient 
and economical to operate. This laser is also 
low maintenance, with a long lifetime, antici-
pated to be in excess of 50,000 hours.

Contact: Mike Batchelor
E: sales@rofin-baasel.co.uk

(left) Single fixture for 
internal, external & edge 
marking; (above) Internal 
marking on ring

Formula 1 teams typically strip down and 
rebuild three cars (two race cars and one 
spare) after every race or test event. Each 
car is assembled from some 3,500 compo-
nents all of which are subject to a process 
of continuous improvement, resulting in per-
haps 10,000 components being associated 
with each car at any one time. As part of an 
ongoing effort to continuously improve reli-
ability and safety, part marking and traceabil-
ity is becoming a must for even the smallest 
individual components. 

Part traceability
Direct Part Marking (DPM) makes it possible 
to track a product from its time of produc-
tion to when it is scrapped. A high-quality 
permanent mark able to withstand extreme 
conditions such as heat, abrasion and caus-
tic fluids etc. is required. Having marked the 
part, an Enterprise Resource Planning (ERP) 
system can then maintain an accurate his-
tory of when and how each components was 
made, where it has been, how it has been 
used, and for how long.

Data matrix codes are now globally accept-
ed within the automotive, aerospace, and 
electronics industries. Due to their small size 
and large data capacity, they make it pos-
sible to identify nearly every component on 
the car from steering racks, to pistons and 
even nuts and bolts. The data matrix has a 
high degree of redundancy and is resistant 
to marking defects, providing high reliability. 
It has built-in error correction and a mini-
mum print contrast requirement of 20 per-
cent when reading with an industrial-quality 
camera. 

Data matrix codes can be made by methods 
other than laser marking, including ink jet, 
electro-chemical etch, and dot peen. For 
the F1 application however, the variety of 
materials and surface finishes is wide with 

exotic materials and alloys such as titanium 
and magnesium used extensively. The laser 
marking solution is preferred as it is able to 
produce good permanent ‘readable’ codes 
on virtually all materials without compromis-
ing the structural integrity of the component. 
The laser is flexible and able to produce 
either round or square matrix elements 
although for dense information, squares 
are often preferred. In addition, the laser is 
able to mark small codes (down to 1 mm 
x 1 mm), which is not possible using other 
techniques. 

High beam quality
F1 teams have used lasers for many years 
for part marking. Recently the trend has 
been to not only to reduce the marking area 
but also to automate the reading process 
allowing faster and more reliable identifica-
tion. The lasers being used however, were 
unable to meet the challenge of marking 
small IDM codes due to the relatively large 
focused spot, like painting with a broad 
brush. 

Small IDM codes approaching 1 mm2 can 
be produced using the Rofin PowerLine E 
– 10 end-pumped Vanadate laser and sev-
eral have been installed at F1 facilities. High 
quality IDM codes to be produced on almost 
all materials including steel, titanium and 
aluminium. 

Contact: Mike Batchelor
E: sales@rofin-baasel.co.uk

Marked for fast lane

Data matrix and bar code marking using laser

The new PowerLine 
F fibre laser marker
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Fibre lasers have now matured into excep-
tionally reliable and stable industrial tools. 
These lasers have unique capabilities that 
enable a wide range of high quality micro-
machining processes; of interest here is their 
ability to produce high quality welds between 
plastics. 

There are many competing methods of plas-
tic welding including vibration, linear/orbital, 
ultrasonic, spin, and hot plate welding, but 
with the development of the fibre laser, laser 
welding has been seen to offer an efficient, 
precise and time saving solution. 

To join two layers together by laser transmis-
sion welding the top layer must be transpar-
ent at the wavelength of the (infrared) laser 
light while the bottom layer must absorb, as 
described in the figure below. 

Several laser welding methods are available: 
contour; mask; simultaneous; quasi-simulta-
neous; globo; and radial welding. 

Contour welding
In contour welding, 
the laser is guided 
along a prearranged 
welding pattern, 
melting it locally. 
Contour welding is 
more suitable when 
joining the edges of 
a plastic component to a surface. The laser 
beam needs to be focused to a specific spot 
and for this the fibre laser is most effective, 
though other lasers can be used. The tech-
nique offers high flexibility (is ideal for low 
batch sizes) and can be applied to any 2D 
joining line.

Mask welding
This Leister® pat-
ented technique 
exploits mask pro-
jection. The mask 
makes it possible 
to project and scan 
extremely fine struc-
tures of the order of 
micrometers across the entire joining area of 
the parts. The most diverse welding seam 

structures, including straight and curved weld 
lines of different width, can be produced with 
mask welding in a single operational step. 

Key features include: line-shaped laser beam; 
suitable for any desired 2-D joining geometry; 
fast and flexible; very fine joining structures; 
suitable for micro and macro applications; 
typically a diode laser application

Simultaneous welding:
In this technique, one or 
more lasers heat the entire 
weld area simultaneously. 
High power diode lasers are 
generally used as a result of 
their compact design. It is 
easy to achieve linear weld-
ing seams and almost any 
beam geometry can be generated by using 
beam shaping optics. 

Key features include: short processing time; 
no relative motion; gap filling possible; suit-
able for mass production. The diode laser is 
generally best suited to this technique. 

Quasi simultaneous welding
X-Y scanner mir-
rors guide the laser 
spot along the weld-
ing contour at high 
speed. The joining 
surface is traversed 
several times per 
second, effectively 
quasi-simultaneous heating of the entire 
welding seam. This type of welding has also 
been patented by Bielomatik Leuze©.

Key features include: focused laser beam; 
flexibility; gap filling possible; suitable for 
small series and mass production; suitable 
for fibre or other DPSS laser.s

Globo welding
Globo welding (pat-
ented by Leister®) 
works in almost the 
same way as con-
tour welding. A laser 
beam is focused at 
a point on the join-
ing plane via a freely 
rotating glass sphere 
on an air bearing. The glass sphere focuses 
and serves as a mechanical clamping tool. 
While the sphere rolls on the component, 
ensuring that pressure is applied at the point 
of contact on the joining plane and that the 
laser beam is only incident at this point.

Key features include: 
arbitrary two and 
three dimensional 
joining geometries; 
no clamping device 
required; optimal 
synchronization of 
clamping pressure 
and laser application; 
suitable for robotic 
applications; suit-
able for fibre or other 
DPSS lasers.

Radial welding
Radial welding is a unique method for bond-
ing cylindrical components, developed by 
Leister®, whereby a mirror deflects the laser 
beam such that it impinges radially on the 
outside symmetrical surface of the compo-
nent. The tight fit between the joining parts 
provides the clamping pressure required for 
welding. The component remains in a fixed 
position during the circumferential, continu-
ous welding process. 

Key features include: suitable for different 
diameters; no rotational movement; high 
throughput; no clamping device required; 
suitable for diode laser, fibre laser or other 
DPSS lasers.

Conclusion
- Fibre lasers can be applied to: contour 

welding, quasi simultaneous welding, 
globo welding and Radial welding; these 
techniques benefit more from the laser 
stability and small spot size.

- Even without focusing, fibre lasers often 
have sufficient beam intensity for plastics 
welding. Z-axis positioning can be avoid-
ed, significantly reduces the complexity of 
welding equipment.

- Fibre laser costs per watt are comparable 
with flash-lamp pumped and DPSS lasers.

- Plastics appropriate to the medical indus-
try have been shown to be weldable in a 
very controllable manner using the Fibre 
laser. (see SPI Clearweld application note)

- Power levels required to achieve large 
area coverage are well within the range 
currently available by SPI Lasers.

Images courtesy of Leister and Bielomatik

Contact: Louise Partridge
E: louise.partridge@spilasers.com

Laser welding plastics using a fibre laser

rear light welding
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quality welding on highly reflective materials 
such as aluminium and copper up to 2.0 mm 
thick can be achieved at high processing 
speeds. 

The new control unit employs Double Closed 
Loop™ principles to guarantee excellent 
pulse to pulse repeatability with <1% varia-
tion even at lowest pulse energies. This pulse 
stability together with outstanding intra pulse 
control, which is unaffected by reflections 
from the work piece, means that precisely 

controlled pulses of only a few mJ of pulse 
energy can be used to weld extremely thin 
wires of 50μm diameter or to produce seam 
welds in thin section metal parts. The Double 
Closed Loop ™ also allows optimisation of 
the SHADOW® technique (a quasi continuous 
wave welding process) to the users applica-
tion. 

Contact:  Dave MacLellan
E: sales@rofin-baasel.co.uk
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Welding equipment
StarWeld Tool Open – taking the process 
to the part

The high duty cycles demanded of mould 
tools, punching systems and forming tools 
make tool wear and damage inevitable. Not 
only are the repairs themselves often very 
expensive, but the downtime experienced 
during the repair process adds to these costs 
in terms of lost production. StarWeld Tool 
Open is a new system from Rofin which ena-
bles high quality repairs to be completed in 
situ, eliminating the time-consuming task of 
de-mounting large tools or moulds prior to the 
repair process.

All of the system elements 150 W laser, inte-
grated water/air cooling system, positioning 
arm and an XYZ axes system are integrated 
into a compact unit. A counterbalanced posi-
tioning arm enables the welding head to be 
positioned through a working range of 1.7m in 
the horizontal plane and 1.8 m in height, pro-
viding access on large moulds or tools.

The StarWeld Tool Open contains an Nd:YAG 
laser source specifically designed for optical 
fibre delivery. Pulse shaping together with a 
motorised focus adjustment provides a wide 
range of options for weld seam configuration 
ensuring that any post process work is kept 
to a minimum and making the repairs even 
more cost effective.  

Contact: Dave MacLellan
E: sales@rofin-baasel.co.uk

Perfect pulses for laser welding
The StarPulse family of lasers from Rofin-
Baasel is a new generation of pulsed YAG rod 
lasers with power ratings from 40 W to 500 W. 

StarPulse lasers offer the largest range of 
pulsed peak power available on the market. 
Precision welding of delicate components is 
achieved using the accurately controlled low 
end pulse peak power of 10 W. With up to 
20 kW of pulsed peak power available, high 

15 years ago Baasel Lasertech developed 
the first manual laser spot welder. This 
"eyesafe" Nd:YAG laser workstation was 
striking as its design enabled the user to 
view fine work very closely through binocular 
optics, whilst holding the part to be welded 
inside the chamber. Baasel Lasertech is now 
part of the Rofin Group and the StarWeld 
Performance has been a remarkable success 
in the jewellery business.

Today having supplied over 4,500 of these 
systems, Rofin-Baasel is the clear market 
leader within the jewellery sector. 

Retail Sector Growth
The first generation of manual laser welding 
system users were jewellery designers and 
manufacturers. Today, however, the largest 
growth area is within the retail sector, with 
High Street Jewellers and Repair Workshops 
recognising that the laser is an indispensable 
tool for jewellery repair. Indeed, operating 
a laser may soon become a prerequisite to 
survival in the repair business.

The design and configuration of the 
StarWeld Performance laser welder allows 
the skill and innovation of the jeweller to be 
enhanced by the precision joining technol-
ogy of the laser. 

Manual laser welding allows platinum, gold, 
silver, stainless steel and titanium together 
with other metals and alloys, to be joined 
together without the use of soldering. A laser 
weld is strong and pure even in areas where 
it would be hard to gain access through any 
other joining technique. More often than not 
if you can see the joint you can weld it.  

Indispensible Tool for Repairs
David Shone owns Emson Haig  which has 
successful retail outlets in the Lakeside 
Shopping Centre and Loughton in Essex. 
Last year David added to the capabilities 
of his workshop by investing in a StarWeld 
Performance system from Rofin-Baasel. 

David says: “I purchased the system at 
Spring Fair, and it’s the best thing I have got 
for my shop in five years. I say if you have 
any skill on the bench, you must have one.”

The laser makes repair of damaged claws, 
prongs or shanks easy. The controlled and 
localised nature of the heat input means that 
repairs can be effected without the need to 
first remove sensitive gemstones or enamel. 
Chain repair takes a fraction of the time of 
conventional methods and the results are 
stronger. Resizing of platinum or gold rings 
by welding with filler wire (of the same mate-
rial as the casting) provides perfect results 
more quickly than by traditional methods. 
The laser is also finding diverse uses such 
as restoration of antiques, repair of watches 
and repair of titanium spectacle frames.

As David Shone says “StarWeld 
Performance has revolutionised my work-
shop. I can repair gold or steel watch cases 
and put metal back into them. We also use 
it to repair platinum rings, which have had 
porosity problems.”

Contact: Peter Searancke
E: p.searancke@rofin-baasel.co.uk

Manual laser spot welding - technology and skill in equal measure

The user holds 
the item within 
the chamber 
and views 
through a stereo 
microscope
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Cleaning equipment
LaserAge has been appointed as exclusive 
distribution partner for (the island of) Ireland 
for Clean-Lasersysteme GmbH, Germany. 

Clean Laser pro-
vide a range of 
lasers and appli-
cators from the 
back-pack port-
able 20 W version 
(see photograph) 
up to 500 W. 
All systems are 
designed to cus-
tomer's desires, 
with and without 
various options.

For difficult to access areas the CL 20 
Backpack laser is ideal. This laser is battery 
powered and cleans, de-coats, or labels even 
in confined spaces. The system offers a 20 W 
diode pumped laser source and is equipped 
with a comfortable support frame which 
allows work for extended periods.

Applications for this technique in industry  
include: tool & mould cleaning; removal of 
oil & grease residues, carbon (selective paint 
removal, polymer stripping, baking tray sur-
faces); oxide and passivation removal; weld 
preparation; roughening; de-lacquering of 
galvanized steel.

Contact: Leo Sexton
E: leo@laserage.ie

Services

Job shop
Major tubular contract for Laser Cutting Co 
New annual tubular contracts, worth more 
than £500k have been won by The Laser 
Cutting Co. The contracts are from leading 
manufacturers of aerial and access platforms 
and are for high spec, structural tube cut to 
customers’ specifications.

High lift safety 
platforms and 
handling systems 
are a growth 
market place for 
many of our man-
ufacturing clients 
who need quality 
cut components that help them to drive con-
stant change and improvement. Such safety 
components benefit the health and safety of 
people in all forms of industrial and leisure 
activities.

Contact:  Dee Wilde
E: dee@lasercutting.co.uk

Fimark meets speaker challenge
When leading loudspeaker 
manufacturer KEF Audio cre-
ated their 7 foot tall top of 
the range Muon speakers 
they needed a way of mark-
ing the speakers so that they 
stayed true to their original 
design concept. The shape 
of the super-formed polished 
aluminium cabinets could not 
be compromised and nothing 
as ordinary as an adhesive 
label could be considered. 
Only laser marking of the alu-
minium case would fulfil all the 
requirements.

After some research KEF found Surrey based 
Fimark Ltd who has 10 years experience in 
the subcontract laser marking sector. "We are 
quite proud of this work 
because the speakers are 
enormous and we have 
to fit them under our 
markers," said Fimark 
MD Charles Dean. "We 
use a long focal length 
lens to get the depth of 
field we need to accom-
modate the curved and 
irregular surfaces."  

Contact: Charles Dean
E: info@fimark.com

RE Cooke receive double honour
RE Cooke won two major accolades in the 
annual Accelerate Supplier Awards in recog-
nition for its excellence in the West Midlands' 
automotive industry supply chain. They 
secured the SME title and the accolade as 
the Best in Region for Staffordshire.

The judges were particularly impressed with 
the company's progress since it moved to its 
purpose-built factory earlier this year and sin-
gled out RE Cooke's investment in training.

World-class supplier
RE Cooke has teamed up with the 
Manufacturing Advisory Services in the West 
Midlands (MAS-WM) to deliver the 'Fit for 
the Future' programme. The 18-month lean 
transformation project has the ultimate aim of 
achieving World Class Supplier status.

Operations Director Bruce Cresswell 
explained "This is an important time for the 
company. Having invested heavily in new 
technology in our new factory, we are keen to 
harness the potential within our workforce to 
make key improvements to our processes."

Cliff Johnson from MAS-WM added, "RE 
Cooke already has a strong customer base 
but it is vital that the company continues to 
improve and grow from within to secure its 
place as the supplier of choice within the key 
customer sectors of automotive. aerospace, 
environmental, rail and electronics."

Contact: Bruce Cresswell
E: bruce.cresswell@recooke.co.uk

Research
Surprising results on fibre laser applications
Work conducted at the SPI applications facil-
ity managed by Tony Hoult is challenging 
perceptions of the capabilities of fibre lasers. 
In areas such as plastic welding for the medi-
cal and mobile phone industries, scribing and 
cutting polymers for the automotive industry 
and ablation of thin films for the photovoltaic 
industry, fibre laser are showing excellent 
results. SPI are asking for more organisations 
to come forward with more challenges for the 
fibre laser and are expecting more successes 
in the near future. 

SPI Lasers are expecting the results pro-
duced by the Applications Lab to continue to 
expand the perceived capabilities of the fibre 
lasers, as the Applications Lab is open to 
requests for more proof of concepts. Device 
and component manufacturers, academic 
institutions and system integrators from 
around the globe are actively encouraged to 
work with SPI on their own application spe-
cific trials. Each request is assessed for proof 
of principle and, if approved, is provided at 
no cost to the applicant. 

Jeffrey C. Kabahit, the Laser Applications 
Engineer at the Applications Laboratory, 
states, “When we first opened the facility, 
we were inundated with requests for proof of 
principle. We approached each request with 
a can-do attitude and have been amazed at 
some of the results.”

Requesting a proof of principle is the fast 
track way to conduct application trials. In 
addition, SPI offer a try before you buy pro-
gram and SPI provides a progressive pro-
gram to support academic and not for profit 
research centres. 

Both the proof of concept and try before you 
buy programs can be found by clicking on 
the SPI web site at www.spilasers.com and 
registering your details. 

Directors Harvey 
Cooke and Bruce 
Cresswell with the 
Award.
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Whenever I’ve made 
mistakes, and I’m able 
to look back at what 
has happened after 
the dust has settled, 
the reasons always 
seem to be incorrect 
assumptions.  “Why 
did I think that !?!” I cry 
with the illumination 
of hindsight, or “why 

didn’t I just ask?” I might ponder. Here’s a 
classic example, not by me, I might add, 
but by a close colleague…

We often get sent images that we are 
asked to engrave onto various materials.  
Sometimes the images come through as 
clear, dimensioned drawings, but other times 
a fax of a photocopy of an embroided badge 
on a sweat shirt.  If the image is poor, then 
we have to tidy it up, otherwise it makes our 
engraving look bad. One such example is the 
club crest shown here.

You need to know that this was our second 
re-drawing of the crest. Our first attempt, 
drawn from a poor fax and an even poorer 
assumption showed a rhinoceros on the 
bridge.

“Hang on a minute,” the customer shrieks, 
“it’s Cowbridge Bowls Club, it’s a COW on a 
BRIDGE.  How many rhinos have you seen 
running around South Wales?”

Yours sheepishly,

Simon Lau 
Lasers Are Us

Greatest Cock-up

This quarter's accolade of 'Most Gorgeous 
Part' goes to an item provided by Brian 
Chatting, MD of Laserweld 2000. 

"The photo shows 
a Bentley car 
headlamp bulb 
shield," said Brian. 
"It was made com-
pletely from flat 
material (0.5mm 
430 and 0.7 mm 
304 stainless steel, 
0.7 and 0.6 mm 
mild steel) and 
involves laser cut-
ting, pressing, bending, forming, rolling, 
chroming, painting, stoving and, of course, 
laser welding."

It is a fine example of the range of integrat-
ed fabrication services offered by a modern 
laser job shop.

Most GORGEOUS PART

EDITORIAL 

An abridged version of one of this quarters 
most interesting forum discussions

Laser cutting of pvc coated steel
Posted by Robert Morris
I am led to believe that people are laser cut-
ting pvc coated steel by improving extrac-
tion, and would like to learn more about 
other people's processing experiences.

Replies included:
Neil Main    Micrometric
It can be cut but be aware of the toxicity 
and corrosiveness of PVC fume: not just to 
people, it rots machines and fume extraction 
equipment too.

There is a compromise to be understood.  
This material generally has a fair face and 
a painted face. Cutting from the fair face 
gives a degradation to the edge of the plastic 
(either a 'polishing' or a shrinking back) which 
may be a problem. The edge will be worse 
than straight mild steel but not too bad.

Cutting from the painted face gives a drossy 
cut but no degradation to the plastic. Bars 
need to be clean and carefully arranged to 
avoid back reflection and the dross needs to 
be removed. Also remember to mirror image 
drawings before cutting!

Most customers eventually end up using 
punching, which reminds me of a Punch 
cartoon of the late eighteen hundreds 
"Advice to a young couple looking to get 
married: Don't"

Thread of the month

Airbus purchases laser additive equipment
A new research and development consor-
tium headed by Airbus UK will benefit from 
an innovative laser consolidation technol-
ogy developed at the National Research 
Council of Canada's Integrated Manufacturing 
Technologies Institute (NRC-IMT)I. This con-
sortium, called 'Damascus' is a collaborative 
effort between Airbus, Castings Technology 
International, a leading Formula One team, 
TWI Limited and the Advanced Technology 
Centre of BAE Systems to explore the indus-
trial applications of the laser consolidation 
technology. The consortium will focus on 
developing small but complex components 
that will be used in both the racing car and 
the aerospace industries. The research will be 
conducted in collaboration with the University 
of Exeter using the laser consolidation system 
manufactured by Accufusion, a spin-off com-
pany of NRC-IMTI.

Following a workshop during which Dr. Lijue 
Xue of NRC-IMTI gave an invited presenta-
tion on laser consolidation, Dan Johns, Head 
of Research and Technology, Manufacturing 
Engineering Technology from Airbus UK, rec-
ognized the significant impact it could have 
in the aerospace industry and initiated the 
formation of the consortium. "This programme 
offers our industry a real opportunity to exploit 
flight worthy components. It will establish 
Additive Layer Manufacturing as a recognised 
manufacturing system and deliver a step 
change in aircraft production" he said.

Laser consolidation is a computer aided 
manufacturing technology that uses a laser 
beam to melt injected metallic powder to form 
a functional net-shape component. NRC-IMTI 
project team led by Dr. Lijue Xue has devel-
oped this method to manufacture parts and 
tools in a single step with high performance 
materials such as high strength steel, stain-
less steel and aluminium, nickel cobalt and 
titanium alloys. "Compared to other additive 
layer manufacturing technologies, laser con-
solidation is the only process that produces 
net-shape functional components by adding 
instead of removing material,” said Dr. Xue. 
Advantages include design freedom and a 
faster product development cycle.

This emerging technology has attracted sig-
nificant interest from the global manufactur-
ing industry. Adri Coppens, vice-president 
of Accufusion Inc. notes that "the sale of a 
Laser Consolidation system to the Airbus-
led consortium is an important milestone for 
Accufusion and provides clear indication of 
the market interest in our unique one-step 
additive manufacturing technology."

Contact: Lijue Xue
E: lijue.xue@nrc.ca

Members' News (cont.)
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This column is a good opportunity to allow 
me to follow-up on my report in September 
where I commented on progress with two 
AILU initiatives – one external and one 
internal. These were (i) our involvement in 
the Photonics Knowledge Transfer Network 
(PKTN), and (ii) steps within the AILU com-
mittee to try and improve our organisation so 
that it provides better support to Mike in the 
multifarious tasks he performs as the AILU 
secretary.  

With regards to the Photonics KTN we are 
lucky to have great champions in the form 
of Anna O’Neill and Tim Holt. Tim is our 
interface with the outside management/
administration of the PKTN, attending rel-
evant meetings and exercising his excellent 
communication skills to diplomatically relay 
and assert AILUs views on various aspects 
of the initiative to the PKTN committee. As 
a result, AILU has been able to develop a 
well respected voice with the PKTN leader-
ship. 

To date, the most visible aspects of the 
PKTN to AILU members are likely to have 
been the opportunity to sign-up to the PKTN 
network, and the meeting in November 
covering, ‘Opportunities for Laser-Based 
Manufacturing in the Medical Sector’ which, 
if you didn’t attend, you can read about else-
where in this issue of the magazine. Anna 
is the inexhaustible driver of these internal 
projects, and is the key to their current and 
ongoing success. 

A key part of PKTN activity is participa-
tion in the development of a UK strategy in 
Photonics. In this regard, most AILU mem-
bers must be interested in having a better 
understanding of the UK laser and applica-
tions market and the opportunities that might 
arise in the laser materials processing sector 
over the near to medium term. 

In late 2005 (a year before the PKTN began) 
AILU was asked by the DTI to organise a 
Photonics Strategy workshop. The work-
shop, chaired by Malcolm Gower, concluded 
with a summary list of important views and 
recommendations for the UK government, 
a number of which were included in the DTI 
report, ‘Photonics. A UK strategy for suc-
cess: Painting a Bright Future’ published in 
2006.  

Following the high acceptance of this 
earlier effort, your committee has drafted 
a proposal for additional PKTN financial 
support to undertake a project within the 
PKTN to widen and deepen the scope of 

the earlier AILU report. 
For example, by includ-
ing consideration of 
the views of the wider 
EU community (eg as 
expressed at recent 
Photonics 21 working 
group meetings) and to 
up-date our views and 
conclusions.  If sup-
ported, it is planned that 
the resulting forward-look AILU market view 
would be made available to members via 
our web site, and that it might be periodi-
cally up-dated to be kept current in the light 
of new information and visitor feedback. 

Moving on to the second area, the AILU 
organisation, we have progressed the 
changes to the way the committee oper-
ates by establishing activity-specific sub-
groups, each with a leader, in support of the 
Secretary. They are intended to provide him 
with first-line support in the specific busi-
ness areas. This is a modest restructuring 
with medium to long-term benefit towards 
making us more efficient/professional. It is 
still ‘early days’, but I expect to be able to 
report in future issues on some of the posi-
tive, tangible benefits of these changes, for 
which Mike will be the real arbiter. 

Regarding our formal organisation, I want to 
inform you that the committee unanimously 
agreed at it’s last meeting to a change in the 
appointment of AILU directors. There is a 
Companies House requirement for all organi-
sations to have a Company Secretary and at 
least one Company Director. The guidelines 
note that the company secretary should be 
appointed by the directors. In the past, the 
AILU president (ie me this year) has taken 
on the role of sole company director and 
Mike has taken on the role of company sec-
retary.  Following the change, we will have 
three directors. At our AGM, when we vote 
for the new president and vice president, 
we will also be voting for them to become 
AILU directors, with the retiring president 
also stepping down as a director.  Following 
the vote and appointment of the AILU sec-
retary at the AGM, the new president and 
vice-president will appoint the secretary as 
Company Secretary and also as the third 
director.  

Finally, in closing, I add my good wishes to 
all members and readers for a happy and 
festive Christmas break and healthy 2008.

Clive Ireland

PRESIDENT'S MESSAGE

WELCOME TO NEW  
CORPORATE MEMBERS

Panasonic Electric Works UK

Vero UK

Committee matters
It is always worth remind-
ing ourselves the benefits 
that go with AILU Job 
Shop Group membership. 
There are three main ones: 

1. The on line job shop 
forum. This provides access to excellent 
advice on all manner of issues from ‘how 
do I do this’ to ‘where do I buy that’. 

2. The annual surveys. They cover a range 
of topics, the most recent addressing 
gas, electricity and steel prices, machine 
servicing quality and debt recovery. I 
have found them very helpful for bench 
marking my business and they have 
saved me a great deal of money in the 
past.

3. The annual Job Shop meeting. This is 
always a good place to meet the job 
shop community and learn how people 
are doing and where things are going.

If you run a Job Shop and are not active in 
the group, make it a resolution to do so in 
2008 – it can save you money, solve problems 
and provide ideas. 

Training for Laser operators
The job shop committee are considering an 
initiative in laser operator training, something 
additional to the training provided by the 
laser machine manufacturer. One plan is to 
produce a short handbook that explains the 
basics of laser cutting, troubleshooting, read-
ing drawings, workshop health and safety etc. 
Any ideas or offers of help would be appreci-
ated (please contact the AILU office).  

Water leak
When electricity leaks there tends to be 
sparks and smoke, when gas leaks there is 
the smell but when water leaks from the road 
to your premises it could go undetected for 
a long time. As I have found recently you are 
responsible for the pipe repair and the cost 
of the water wasted, which can be very high.  
The moral is check the water meter regularly.  

Neil Main  Job Shop Chair

Jo
b Shop Group

JSG

Laser Job Shop Group
Users of Lasers for Profit
An AILU special  interest group

Job shop  
 corner
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The AILU INTERVIEW

Where do you see the future for laser job 
shops in the USA?

The overall outlook is positive. Outsourcing 
domestically has experienced some resur-
gence, especially in the medical sector where 
consolidation has forced larger to companies 
to utilize contract manufacturers to produce 
smaller production runs. However price com-
petition in the automotive and aerospace mar-
kets are fierce and have thus strengthened the 
Mexican and Canadian manufacturers. This 
is due in large part to the NAFTA treaty which 
has enabled domestic companies’ access to 
inexpensive labour costs by setting up shop 
North or South of the border.

Does your job shop business suffer from the 
problems of overcapacity and reduced profit 
margins that the UK job shops are so strongly 
affected by?

Overcapacity in the sheet metal business 
and thin margins have been harsh realities for 
the last 5 years in the US. There are not as 
many shops with such an equipment mix and 
diverse applications base as ours and this 
helps us to avoid price pressures. 

How well does it work to split your business 
between job shop services and laser compo-
nent sales?

This has been a positive experience for us, 
although running two businesses presents  
managerial and logistical challenges. We find 
the components business gives us a unique 
window into the industry, allowing us to see 
which applications are hot and which indus-
tries are purchasing equipment.

Do you think that Directed Light could do well 
in its present form outside of silicon valley?

Yes, We no longer rely entirely on regional 
business but rather on our expertise and mar-
ket knowledge.

Is the case for using lasers in manufacturing 
still to be made in the USA?

Education and lack of understanding of the 
benefits of what laser technology can offer is 
still an obstacle to growth in the US. This is 
an area where we find that practical training 

and hands on seminars work well for us in 
educating local customers. However there is a 
lot more work to do nationally.

How much do safety regulations impact on 
your work? For example, do you use open 
Class 4 systems relying on operators wearing 
glasses or only closed, Class 1 systems? 

We use both Class 1 and Class 4 systems at 
DLI. We have not have not experienced any 
significant impact from either system with 
regard to cost or safety. 

Do you find that Californian environmental 
controls favour laser processing, giving you an 
advantage over, for example, photo-chemical 
processing?

Most definitely when it comes to competing 
directly with photo chemical etch. With today’s 
lasers and motion control we hold tolerances 
of .0002” on the solder stencil we cut.

Have you considered setting up job shops 
elsewhere in the USA, for example as a fran-
chise?

Not at this time as the capital involved is 
prohibitive and finding the right team is dif-
ficult and expensive. It is a concept we have 
explored but have concluded it would require 
a large venture capital partner to pull it off and 
with that you lose some of the independence 
and entrepreneurial spirit that makes our cur-
rent business model tick.

Are there any schemes in the USA (govern-
ment grants, easy loans etc) to help you buy 
expensive new laser systems? 

A very painful no! The American manufacturer 
is own his or her own in this country and con-
sequently we have lost many small business 
that are really the heart and soul of this coun-
tries beginnings.

How local is your customer base? 

60% local - 40% USA, Europe, & Asia. 

In which geographic area is your strongest 
competition?

California, New England, and Minnesota.

How much is staff turnover a problem for you 
and (depending on answer) is staff training a 
major cost item? 

We hire for attitude and train for success so 
our turnover is very low. Investing in staff 
training is one of the most valuable places to 
invest your time and money.

Does the current dollar exchange rate offer a 
significant export opportunity?

Absolutely and we believe the dollar will con-
tinue to fall. We also know that the US trade 
imbalance has begun to shift and that DLI is 
benefiting from that, but also believe it has a 
long way to go before we see any significant 
strength in the dollar. 

Are you surprised that there aren’t more UK 
precision laser micromachining job shops in 
the UK?

Yes, considering the world class research 
hubs such as Cambridge and diverse manu-
facturing regions in the UK I am surprised.

Do you think that UK job shops are missing 
out by concentrating on the CO2 laser and 
laser cutting?

Yes unfortunately I do. As I indicated in one of 
my previous statements high volume cutting 
has either gone to Mexico or China due to 
low labour cost and the sophistication of laser 
cutting equipment. Innovations such as pallet 
changers and or other material automation 
advances allow production to almost be run 
lights out or with very few operators required.

From what you know of the UK job shop 
community, do you have any words of advice 
or encouragement?

Perseverance, innovation, and diversity are 
the key to succeeding in today’s global econ-
omy. The UK has what I believe is a distinct 
advantage in that education and government 
assistance is much more prevalent in the UK 
then in the US. 

Focus on Directed Light Inc
Interview with Neil Ball 
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The President of DLI responds to questions sent in by AILU job shop members.

During his recent visit to the UK to give a keynote presentation at AILU's Medical equip-
ment workshop on 13 November 2007 Neil took the opportunity to speak to some UK 
job shop owners. Directed Light Inc., founded in Silicon Valley California in 1983, is an 
advanced technology laser job shop, a custom systems integrator and a laser components 
and service provider. 
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The  fashion world 
in general is 
subject to fast, 

turbulent changes in 
terms of design and 
materials. This is com-
bined with a stead-
ily growing market 
demand for small production batches with 
a high degree of diversity and tight delivery 
times. Conventional production technolo-
gies are increasingly unable to meet these 
demands, creating a market opportunity 
for new high speed laser technologies.

Whereas a typical product development might 
have involved up to 100-150 dies for a com-
plete set of size ranges at a cost of 1500 to 
4000 Euro, use of laser cutting sets all these 
costs to zero, as well as drastically reducing 
the time from idea to market.

For technical as 
well as economic 
reasons, laser 
cutting machines 
were initially only 
operated by a 
small elite of 
companies but 
now they are at the disposal of most market 
operators. For example, the investment in an 
automatic leather cutting system, requiring 
very little operator intervention, is nowadays 
affordable even by small-medium size  
companies. 

However, despite the results of analysis 
of available alternatives and performance 
requirements, much of the fashion industry 
remains reluctant to adopt a high-tech or 
innovative production technology, one that 
could have a significant impact on their profits 
and the way they work. 

The innovation 
The important term to introduce into this dis-
cussion is 'the CTP process' - Computer to 
Production. Here we are not specifically refer-
ring to laser-based production, let alone laser 
type. In the fashion context CTP tools may be 
based on cutting knives, ultrasonics, water jet 
and, last but not least, laser beam. 

Originally simply a tool for designers to pro-
duce templates or cardboard models with 
a short turn-around, CTP has become the 
ideal tool, first for prototyping and then for 
small batch production. And whilst there is 
no universal cutting technology for all fashion 
applications, modern laser machines can 
meet current requests coming from the shoe-
making market as well as from the leather 
world in general, and can completely replace 
the traditional approach of die-cutting with 
hard tooling. In addition, laser cut leather 
is strengthened at the cut edge, making it 
easier, safer and smoother to sew.

The revolution 
Modern laser cutting machines for the fash-
ion sector are automatic and rationalize the 

production cycle, 
reduce scrap to 
the minimum, 
lowering costs 
and production 
times. This last 
point is particu-
larly significant 

in view of the importance of the lead time to 
models, pre-series and the subsequent pos-
sibility of receiving production orders. 

One of the great achievements of the CTP 
process is in de-skilling the process, espe-
cially for laser cutting in general and particu-
larly for synthetic materials. Modern machines 
offer automation and a friendly graphical user 
interface supported by powerful software 
for nesting, costing etc. Part specification is 
taken directly from a CAD file so there is no 
requirement for the operator to set up for new 
patterns. This is all critically important given 

the limited availability of skilled operators at 
all levels of the production process, especially 
for laser cutting.

Above all competing cutting technologies, 
laser cutting offers the ability to produce the 
most complicated and intricate patterns, 
including surface decoration, and in a wide 
range of materials.

Sei machines 

Sei offer a complete range of flatbed CO2 laser 
systems combining the large working area 
of a plotter system with the high speed and 
excellent marking quality of a galvo system. 
As an example of performance, in recent tests 
a shoe detail that took 8 seconds to cut on 
the best knife system on the market took only 
4 seconds on a Sei laser cutting plotter with 
linear motors.

As an example 
of laser source 
improvement, the 
sample shown 
on the right was 
marked and cut in 
200 secs (2 piec-
es) by a Galvo system using a slow flow 250 
W CO2 laser source. The modern machine 
(Sei Giotto CO2 100 W with a super pulse) 
executed the process in 110 secs, and the 
300 W model took only 48 secs. 

Thanks to its flexibility and to the excellent 
performances obtained by the new generation 
of high speed cutting/marking laser systems, 
laser technology allows us to affirm that if 
yesterday the laser could be a flexible, fast 
solution for prototyping, today it is a real, 
effective complete productive alternative.

Contact: Ivan Blini 
T: +390 354 376016
E: iblini@seilaser.com
UK Contact: Martin Taylor, Laser Systems (UK) Ltd. 
T: +44 (0) 1629 826351 
E: mtaylor@lasersystems.ltd.uk)

DISCUSSION
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Convincing the fashion industry to 'think laser'
Ivan Blini, Sales and Technical Support Manager of Sei SpA in Bergamo, Italy, plots the  
technological transformation of manufacturing in the fashion industry
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The transformation of the Irish econ-
omy over the last ten years is one of 
the great economic success stories 

of Europe. In terms of gross domestic 
product (GDP) the 'Celtic Tiger' economy 
grew an average of 9.2% during the period 
1995-2005. In the period 2000-2005 full 
employment was recorded and job growth 
was ~5% per annum compared to the 
European Union (EU) average of 1.3% and 
1.5% in United States. Economists have 
attributed much of this growth to employ-
ment gains and to increased productivity 
by existing employees.  

The principal driving forces of this unprec-
edented growth have been the positive global 
economic climate, the development of key 
infrastructure supported by the EU and, per-
haps most importantly, visionary national poli-
cies. For instance, education, fiscal reform of 
state finances and public/private partnerships 
on pay and competitiveness have all been of 
strategic importance in developing Ireland as 
the location of choice for foreign direct invest-
ment and in the generation of a high-tech 
indigenous sector.

Despite a slow start, Ireland has become 
a major user of laser technologies over the 
same period, and many hundreds of laser 
systems are now employed in manufactur-
ing industries. These have been helped in no 
small way by a close collaboration between 
industry and academia, involving both training 
and applied research. Colleges also host a 
number of programmes or centres of excel-
lence performing both fundamental research 
and applied development in laser technolo-
gies, and these have given rise to a number 
of high potential spin-offs based on opto-
electronic, photonics and laser processing 
technologies.  

Direct foreign investment in Ireland has been 
helped by a very strong scattering of Irish 
people abroad. The positive feeling towards 
Ireland, stimulated by its emigrants through-
out the 19th and 20th centuries, has helped 
the country at home to prosper. The location 
of foreign-owned multinational companies in 
Ireland has been of paramount importance to 
the economy, both in terms of industrial out-
put and human resource development. Since 
the early 1970s, more than 1,200 companies 
have chosen Ireland as their base to serve 
the European markets and beyond. In Ireland, 
these companies find a favourable corporate 

tax environment, and an English-speaking, 
young and highly skilled work force. However, 
with a large part of Eastern Europe now join-
ing the EU (we went from 15 to 25 member 
countries on 1st May 2004) we are now in 
direct competition with these low cost econo-
mies, some even offering zero corporation tax 
incentives.  

The only solution for manufacturers in high 
wage economies who find their margins erod-
ing due to high operating and labour costs, is 
to automate and innovate i.e. a move towards 
fully automated manufacturing solutions and 
greater emphasis on industrial R&D. The 
present Irish government has recognised this 
challenge and has responded by putting in 
place many different funding programmes that 
companies can subscribe to in order to get 
much of their R&D costs covered.

The relevance of the multinationals to the 
economy cannot be understated.  Foreign-
owned industry contributes most significantly 
to exports, which is estimated at 90% of 
Ireland's Gross National Product (GNP). 
Countries in the EU are by far the most impor-
tant destination for exports, with the UK being 
the most important trading partner. 

Multinationals have also enabled Ireland to 
identify and generate a significant manufac-
turing presence in sectors such as medical 
devices, electronics and aerospace, all impor-
tant potential users of laser technology. 

The medical devices sector 
A few facts: 

• Ireland exports medical products in 
excess of 6 billion Euro per annum and 
export growth is approximately 16% per 
annum. 

• Over 26,000 people are directly 
employed in this sector, some 10% of 
the manufacturing workforce.

• 10 of the world’s top 12 medical compa-
nies have a presence in Ireland.

• The largest global cluster of medical 
device and diagnostic companies is 
based in Minnesota and Massachusetts 
and Ireland is on a comparable scale to 
these clusters.

• Over 40% of the workforce employees 
have third level (degree) qualifications.

A cluster of indigenous companies has sprung 
out of these large medical multinationals. 
They are all innovative and active and this 
medical sector is the most rapidly evolv-

ing sector in Irish 
manufacturing. In 
the mid-1990s the 
indigenous sector 
largely consisted of 
sub-supply companies that provided products 
and services to foreign-owned industries in 
Ireland. The strategy was that these compa-
nies would use the Irish-based multinational 
industries as doorways to the larger global 
organisations. In seeking to further enhance 
their relevance and competitiveness within 
these global structures, many Irish companies 
have turned to laser technologies to gain 
competitive advantage. 

Medical device manufacture
A quick look at some of the main medical 
device products made in Ireland highlights the 
complex nature of the processes involved in 
their manufacture. 

Hypo tubes and stents may appear difficult 
to manufacture but it is possible to automate 
the production of these intricate devices 
using stand-alone off-the-shelf laser cutting 
machines. On the other hand, the use of a 
low power solid state laser (spot size <50 μm,  
pulse duration 1-20 μm) to weld guide wires 
of diameter less than 100 μm, though ideally 
suited to laser welding, requires a high degree 
of automation to make the process complete. 
Laser welding stainless steel wires of diam-
eter of <25 μm using fibre laser technology 
with only milliwatts of power is also achiev-
able but even more difficult.

All surgical implants and instruments require 
track and traceability and this can only be 
done by Direct Product Marking (DPM). The 
production of 2D matrix codes containing all 
the necessary information onto a small area 
with excellent readability and stability and no 
substrate material side effects requires laser 
technology.  Laser welding of polymers and 
glass or hermetic sealing of fluid containers 
using diode lasers requires special tooling and 
vision systems to align the beam to the parts.  

The rapid growth in the number of laser sys-
tems in use in Ireland is a measure of the 
pace of development and growing awareness 
of the advantages of laser processing. For 
example, in the electronics sector, the number 
of laser systems in operation (to mark, selec-
tively etch materials, scribe and trim resistors) 
was estimated to have been in single figures 
in 1995 but has grown to about 150 in for-
eign-owned companies today. 

The laser transformation of the Irish economy

Leo Sexton

BUSINESS 
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In the aerospace sector lasers are deployed 
for multiple laser hole drilling and laser clad-
ding to automatically carry out weld repair on 
turbine blades. Other companies, mainly in 
the light engineering sector, have embraced 
lasers, principally laser cutting and marking 
and, to a lesser extent, drilling and welding.  

Non contact processing and high resolution, 
coupled with flexibility and repeatability make 
the laser an attractive cost saving tool to 
manufacturing industry in general and highly 
suited to automation.  

Irish universities and colleges have provided 
important support to start-ups. Traditionally, 
institutions saw their role exclusively in edu-
cation, producing graduates with appropriate 
skills. In the late 1980s, the Irish government 
began to see a role for them as a technologi-
cal resource for supporting industrial R&D. 
To this extent Enterprise Ireland developed 
a suite of programmes providing financial 
support for companies embarking on new or 
existing R&D projects.  These include:

• Innovation Vouchers; a new initiative to 
boost innovation in small companies by 
building links between industry and insti-
tutions.

• Research, Technology and Innovation 
(RTI) Initiatives, these have been around 
for some time and cover up to 40% of 
project costs to industry carrying out 
product and process improvement.

• Commercialisation (CORD) Fund sup-
port to stimulate third level institutions to 
find industrial partners in order to get the 
research out of the lab. 

• 7th Framework Programme; the EU ini-
tiative to encourage collaboration with 
companies and institutes not in Ireland.  

Although funding programs have had a posi-
tive impact, the importance of Technology 
Centres, Centres of Excellence and 
Incubation Centres are almost standard for 
every institute in this country. These include:

• Photonic activities at the Tyndall Institute 
(formally the National Microelectronics 
Research Centre) in University College 
Cork, specializing primarily in active and 
passive optoelectronic devices.  

• The National Centre for Sensors 
Research, a multidisciplinary research 
centre at Dublin City University that 
develops sensors for medical diagnos-
tics, food quality assurance, environ-
mental monitoring and industrial proc-
ess monitoring. The Cork Institute of 
Technology also undertake sensor devel-
opment in this area.

• The National Centre for Laser 
Applications (NCLA), NUI Galway, sup-
ports and encourages new uses for 
lasers in manufacturing.  This centre has 

been pro-active in developing new appli-
cations in areas such as laser materials 
processing and optical metrology.   

• LightHOUSE: a research partnership 
which combines the expertise of the 
NCLA and the Applied Optics Group of 
NUI Galway for laser microfabrication, 
photonics-based nanotechnology, smart 
optics Imaging, optical characterisation.

• The Advanced Manufacturing Science 
Group at University College Dublin have 
high power laser facilities for macro laser 
processing capabilities,  including laser 
hardening.

• High profile groups at Trinity College 
Dublin and University of Limerick carry 
out fundamental research in laser mate-
rial interactions and in the development 
of new optical materials.

• The Photonics Association of Ireland; an 
interactive website providing an up-to-
date view of the Irish Photonics sector 
while promoting networking opportunities 
across several disciplines.

• The Science Foundation Ireland invites 
world-class principal investigators and 
younger research fellows to relocate to 
Ireland and to undertake fundamental 
research programs here.  Financial pack-
ages of over $5 million per applicant are 
available, over a five-year period, to facili-
tate the transfer of suitable candidates. It 
is hoped that the development of proprie-
tary technologies under the general head-
ings of Information & Communications 
Technologies and Biotechnologies, with 
special emphasis on photonics including 
lasers, will be the platform for Ireland’s 
continued development.

• LaserAge has strong links with the 
Association of Industrial Laser Users (UK 
based) and Fraunhofer Institutes (German 
based) on applied laser development 
and with these organisations we hold 
one-day Laser Technology Seminars to 
disseminate laser know-how. It is geared 
specifically to companies that want to 
know more about laser technology and 
lasers in production. The next seminar is 
due in April 2008 in Cork.

Competence Centres
Competence Centres are clusters of compa-
nies led by industry for industry. Enterprise 
Ireland and IDA Ireland recently launched a 
new competitive fund to enable companies to 
engage in high risk, long-term research into 
problems that, once solved, can offer market 
advantage.  They are resourced by highly-
qualified researchers associated with research 
institutions who are empowered to undertake 
market focused strategic R&D for the benefit 
of that group of companies.  The Irish Medical 
Devices Association (IMDA) is currently  sup-
porting two Competence Centre proposals: 

Microman and Nanofab.

Start-up companies
Emerging from the university sector are a 
number of start-up companies including:

- Eblana Photonics (Dublin) – global 
supplier of semiconductor lasers for 
the Information, Communications and 
Telecomms market (ICT).

- Firecomms – photonics company serving 
the ICT market

- Irish Precision Optics – manufacturer of 
optics for the laser industry.

- Blueacre Technology – developer of 
advanced laser micro machining technol-
ogy for the medical & semiconductor 
industries.  

- LaserAge – developer of advanced laser 
surface treatment technologies for the 
aerospace and medical industries.

- XSIL Ltd. –  manufacturer of worksta-
tions for laser micro-machining of silicon 
wafers for the global chip manufacturing 
industry.

- Creganna Medical Devices (Galway) 
– developer of hypotubes and balloon 
catheters for the global medical industry

There are other indigenous companies, who 
rely on laser technology in their manufacturing 
processes, including laser job-shops provid-
ing precision micro joining and laser cutting 
services, laser weld repair (e.g. of injection 
mould inserts, jewellery) etc. 

Photonics has the potential to alter the way 
we live, work and play over the next 20 years 
in the same way as electronics has altered 
our lives in the last 20 years. Irish industry 
is now keenly aware that many of the most 
exciting changes will be driven by the rapid 
advances in lasers, optics and electronics, 
and particularly by novel and increasingly 
sophisticated uses of lasers in metrology 
and in materials processing.  This awareness 
combined with a workforce growing in confi-
dence and in technical know-how, will enable 
the research and manufacturing communities 
in Ireland to exploit its optoelectronics and 
laser infrastructure in the future. 
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Alongside the CO2 laser, the pulsed 
NdYAG laser has been a workhorse 
of industrial laser processing for 

some three decades, for applications such 
as fine cutting and drilling, precision seam 
welding and spot welding. This remains the 
case despite the emergence of the fibre 
laser, a truly competitive laser source for 
many but by no means all of these applica-
tions (see, for example 'The future of lamp-
pumped lasers' by Ball and Stein, The 
Laser User 47, p 33).

Performance of pulsed solid state lasers
The first laser to be operated, by Maiman 
in 1960, was the flashlamp pumped ruby 
laser. Ruby lasers continued to be developed 
throughout the 60’s and 70’s. The first YAG 
laser was demonstrated in 1964 at Bell Labs. 

The development of these lasers In the UK 
was led by JK Lasers in Rugby. Diamond die 
drilling and spot welding, their first industrial 
applications, appeared in the early 1970’s.

The unique processing properties of the flash-
lamp-pumped pulsed Nd:YAG laser arises 
from the high ratio of the peak power to its 
average power, coupled with a pulse lengths 
of 0.1 – 20 millisecond and pulse energies of 
the order of 10's of Joules.

The typical pulse performance of such a laser 
as used for drilling or cutting is shown in fig-
ure 1. In this example, the peak power is 5kW 
during the pulse, but the average power is 
only 100W. The laser is operating at 50 pulses 
for second, so this average power equates 
to a pulse energy of 2J. The pulse duration 
is 0.4ms, corresponding to a peak power of 
(2÷0.4 10-3 =) 5kW. Note also that the duty 
cycle of the laser is low – the laser beam is 
only present for some 2% of the time.  

By way of contrast, the pulsing of a fast axial 
flow  CO2 laser (neglecting any “hyper puls-

ing” effects) is better described as a gating of 
the CW beam i.e. the peak power is only of 
the same order as the average power of the 
laser and the duty cycle can vary up to 99%. 
RF excited CO2 lasers can achieve peak 
power enhancement up to around 3x average 
powers with pulse lengths of order 0.2ms.

Whereas the average power indicates how 
fast the laser can process, its peak power 
gives the best indication of up to what thick-
ness of material the laser can process. For 
the pulse train illustrated in figure 1, the 5kW 
peak power would allow this laser to cut 
10mm steel. But at 100W average power the 
laser would only cat at around 10mm/min! 
However, the low duty cycle of the laser leads 
to another important feature of processing 
with these lasers: low heat input. Applications 
relying on this feature include the cutting of 
small features in carbon steels and in the drill-
ing of small high aspect ratio holes.

Figure 2 shows a spring washer that has been 
cut from high carbon steel. In this example 
the kerf width is less than 150μm. A pulsed 
Nd:YAG laser is ideal for processing a com-
ponent of such geometry, where a narrow kerf 
width is required with good edge quality. If 
the process were attempted using a CW laser 
then the excessive heat generated would cre-
ate areas where the metal would burn uncon-
trollably, making the component unusable. 

Design of pulsed Nd:YAG lasers
The performance of a pulsed Nd:YAG laser 
is defined by the design of its resonator 
(cavity). The optical pumping of the Nd:YAG 
rod by the flashlamps heats the rod, setting 
up a radial thermal gradient. This gives rise 
to thermal expansion and refractive index 
changes across the rod, causing it to act as 
a lens. This "lensing" effect, which becomes 
more serious the higher the average power of 
the laser, significantly perturbs the perform-
ance of the resonator, generally giving rise 
to increased beam divergence and reduced 
beam quality. Despite the relatively poor 
beam quality of higher average power (e.g. 
few hundred watt) lasers, which in practice 
can make it difficult to achieve a spot size of 
less than 1mm, the beam is still suitable for 
spot and seam welding applications, but not 
for fine cutting and drilling applications.

One way of reducing the degradation of beam 
quality is to incorporate intracavity optics, 

usually a simple lens or telescope together 
with apertures, such as is shown in figure 3. 
The effect of these components is to improve 
beam quality but at the expense of output 
power. Such resonators are referred to as 
“tuned”, meaning that the beam quality is 
optimised for a particular output power. At 
this output power the lensing of the YAG rod 
is correctly matched to the intracavity optics. 

Resonators employing fixed optics produce 
optimum beam quality only at a single lamp 
power and hence the range of available laser 
parameters is restricted. Some resonators 
allow the intracavity optics to be adjusted to 
match the flashlamp power and this allows 
a wider range of laser parameters to be 
achieved. 

In the early days of flashlamp-pumped lasers 
the flashlamp power supply was based on 
capacitor discharge. The duration of the flash-
lamp pulse was thus fixed to within a rela-
tively narrow band, and so too the laser pulse 
width. As a result, lasers intended for cutting 
and drilling would be offered with pulses of 
typical duration 0.1 to 0.5ms, and lasers for 
welding would provide pulses of duration 2.5 
to 5ms duration. However, with the advent of 
switch mode power supplies for flashlamps in 
the 1980’s, the flashlamp laser pulse duration 
could be varied from (typically) 0.3 to 20ms, 
and lasers were offered with intracavity optics 
that were removable, so that both fine cut-
ting (high beam quality beam at a few tens of 
watts of average power) and welding (average 
powers of several hundred watts in a lower 
quality beam) could be undertaken with the 
same laser.

Cutting Applications 
Small Nd:YAG lasers (average power <50W) 
can be used to produce fine cuts (~5μm kerf 
width in foils) with high cut quality (low rough-
ness and edge taper) and low heat input. 

Flashlamp-pumped Nd:YAG lasers for fine machining 

Martin Sharp

Figure 1: Typical Nd:YAG pulsed laser parameters

Figure 2: A spring washer in high carbon steel with, for 
scale, a 5 pence coin
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See Observations p42

But fine cutting is not limited to foil cutting. 
Figure 4a shows a needleplate for a sewing 
machine. The material is 5mm thick hardened 
steel and the four rectangular slots were cut 
using a 25W YAG laser. Squareness of the 
slot walls is a paramount requirement and the 
roughness throughout the depth of the cut 
walls had to be less than 5μm Ra . The cut-
ting speed may be slow, no more than ten’s 
of mm/minute, but this is perfectly adequate 
for the task. 

Figure 4b shows silicon wafers cut with a 
50μm kerf width, in this case using an 80 mm 
focal length lens. Smaller kerf widths could be 
obtained using a microscope objective lenses 
and beam expansion to reduce the f-number.

Drilling Applications
The drilling of small holes is a major appli-
cation for the pulsed Nd:YAG lasers in the 
aerospace industry, in particular cooling holes 
in engine applications (where holes are gen-
erally of the order of 0.3mm to 0.8mm and 
sometimes shaped) and de-icing holes in 
wing components, where hole diameters are 
smaller, sometimes down to 50μm.

Laser drilled holes can be tapered, rounded 
on the (laser) entry side and are not perfectly 
circular in cross section. For many applica-

tions circularity is not 
important, but for 
some it is critical and 
careful specification 
of hole geometry may 
be needed. This can 

discourage the use of lasers for drilling, for 
no other reason than that it is simpler for the 
designer to specify the diameter of a straight 
cylindrical hole than, say, fluid flow rate. 

There are two primary methods of laser drill-
ing: percussion and trepanning. In percussion 
drilling individual pulses are directed onto the 
same point of the surface to drill the hole, 
whereas in trepanning the beam is moved 
in a small circular path to produce the hole, 
giving better control of the metallurgical and 
geometrical parameters but at the cost of a 
longer drilling times. Trepanning also makes 
it possible to drill non-cylindrical holes e.g. 
square and triangular shaped holes for the 
spinning of fibres.

With high peak power (up to 50kW per pulse) 
and high pulse energy (up to 50J) it is possi-
ble to drill deep holes. The drilling of a 0.5mm 
diameter hole through 50mm of stainless 
steel has been demonstrated, but took tens 
of minutes to drill. As illustrated in figure 5, 
holes can be laser drilled in metal at acute 
angles to a surface (down to ~15°); at steep 
angles the deep drilling capability of the laser 
is essential.  

Versatility
YAG lasers for fine cutting and drilling are 
highly flexible tools. With straightforward 
changes to the laser cavity and beam delivery 
system, a single laser source can accomplish 
fine cutting, drilling, precision spot and seam 
welding. These lasers are indeed versatile!

In reality, of course, this versatility is not 
always required and the last decade has seen 
a return to single process lasers i.e. ones 
that are dedicated to a specific application. 
For example, high repetition rate short pulse 
(<0.1mS) lasers have been produced for fine 
cutting applications. Also, high peak power, 
high pulse energy single process lasers of 
special design (e.g. twin rod cavities) have 
been developed for drilling; and low cost 
pulsed laser welders have become available 
for the jewellery and crafts industry and for 
mould tool repair.

The future
There are three main competitive laser 
sources that are taking market share from 
the traditional pulsed Nd:YAG laser market: 

Q-switched CW YAG lasers; ultrashort pulse 
laser systems; fibre lasers.

The Q-switched Nd:YAG laser has always 
competed with the pulsed Nd:YAG laser 
and can be used for fine cutting of thin foils. 
However, its main application is in laser mark-
ing. For fine cutting the Q-switched laser is 
limited mainly to foils and a relatively low 
average power means low cutting rates. Some 
adjustments to the Q-switch duty cycle can 
reduce the peak power of the laser pulses and 
can improve material removal, allowing these 
lasers to be used for engraving. Powerlase 
have recently introduced high average power 
(400W and 800W) Q-switched lasers for sig-
nificantly higher processing rates.

Ultrashort lasers (picosecond and femtosec-
ond) lasers have become very popular as a 
tool for precision machining on the micron 
scale. With careful selection of parameters 
it is possible to achieve high cut quality with 
little heat affected zone. However machining 
rates are low, and typical average powers of 
less than ten watts limit productivity.

The fibre laser is an excellent source for 
fine cutting and precision welding, it is very 
affordable and is set to take many applica-
tions away from the pulsed YAG laser. Unlike 
pulsed YAG lasers, fibre lasers can keyhole 
weld, providing a fine, deep narrow continu-
ous weld. However, it is not possible to gener-
ate high pulse energy millisecond pulses with 
these lasers, so spot welding applications and 
hole drilling are likely to remain the preserve 
of the pulsed Nd:YAG laser.
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Figure 3: Pulsed YAG laser cavity with intra cavity optics to improve beam quality

Figure 4: Fine cutting (a) Sewing machine needle plate; 
(b) Silicon wafers cut with 50µm kerf width ©GSI Group

Figure 5: A 0.8mm diameter 
hole percussion drilled 
in Hastelloy C263 (a) at 
an acute angle and (b) 
perpendicular to the metal 
surface
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Brushless linear servo motors offer 
numerous advantages over lead 
screw, ball screw or belt driven 

transmission systems for linear position-
ing systems. With higher bandwidth and 
better smoothness in speed control from 
very low to very high speeds, with faster 
acceleration, zero backlash, incredibly long 
life with almost no maintenance, linear 
motors are being specified for more and 
more production, test and research posi-
tioning applications. They are available as 
built-in components in positioning stages 
for a very wide range of applications from 
medium accuracy pick and place machines 
to ultra high precision positioners used for 
semiconductor production or nanotechnol-
ogy. However, linear motor driven position-
ing stages are not ideally suited for some 
applications, such as in complex integrat-
ed machines or where space is restricted; 
and whilst linear motors can be purchased 
as components and built into customised 
assemblies, there is little information avail-
able to help the designer to decide how 
best to integrate all the components for 
optimum results. 

Choosing a linear servo motor
Linear motors are generally divided into three 
groups: cylindrical moving magnet linear 
motors, U channel linear motors and flat type 
linear motors. Essentially, U channel and flat 
linear motors will require bearings to com-
plete the design whereas the cylindrical linear 
motor offers some possibility of replacing or 
complementing the bearing. However, care 
must be taken when considering the cylin-
drical linear motor as the magnetic rod will 
increasingly “sag” or deflect in proportion to 
its length and if unsupported, can have cata-
strophic results. 

Linear motors can also be divided into iron 
cored and ironless designs. Essentially, iron 
cored linear motors have more power (or force) 
but an inherent “cogging” effect is always 
present which is detrimental to very high posi-
tion stability. In the ironless design, power is 
reduced but their exceptionally smooth per-
formance is more suited to very high accuracy 
systems for ultra-fine positioning. For many 
applications however, overall performance, 
(acceleration, deceleration and settling times) 
are most often determined by a combination of 
the limitations of the bearings, feedback device 
and cable management system.

Bearing Technology
For any linear motor application, the bearing 
technology needs to be capable of support-
ing the load as well as maintaining the air 
gap between platen and moving forcer (typi-
cally less than 0.75 mm for the flat motor). 
For high-precision bearing systems the main 
choices are air bearings, crossed roller and 
linear motion guide bearings. 

Air bearings would normally be used for the 
highest precision applications where the 
friction free characteristics of the bearing 
perfectly complements the non-contact linear 
motor and feedback device design, allowing 
the very best positioning performance. Air 
bearings typically rely upon a very small air 
gap of just a few microns with pressurised air 
forming a cushion between the moving and 
fixed parts. The usual materials for air bear-
ings are aluminium, composites or granite 
fixed sections with perfectly flattened bearing 
ways with air-bearing pads used for the air 
delivery and surface precision on the moving 
carriage. Air bearings are often preloaded with 
opposing air systems or magnetic pads to 
further improve the loading characteristics. 

The design, implementation and production 
of air bearings is very specialised and most 
machine designers would need to consult 
a motion system expert to assist with the 
design or supply complete air bearing sys-
tems. The choice of linear motor, feedback 
system and cable management would cer-
tainly need to be included in such a design 
specification. By contrast, linear motion guide 
and crossed roller bearing systems are avail-
able as proprietary components and are sup-
ported with a wealth of application installation 
information.  

Modern ball and crossed roller based designs 
would include cages to separate the bearings, 

eliminating bearing-to-bearing contact during 
motion, reduce skewing and noise, improve 
lubrication and generally optimise accelera-
tion and high speed performance whilst pro-
viding a much longer life potential. The choice 
of ball or roller bearings would be dictated 
by the type of loading that the mechanical 
system is subjected to. Roller based bearings 
provide much higher load and shock resist-
ance but at the cost of higher frictional forces, 
which in some high precision positioning 
applications may deter in-position perform-
ance and slow speed stability. Lubrication 
is another critical factor for high precision 
applications where the wrong lubricant may 
introduce stick-slip (stiction) and render very 
short duration, micron level, moves erratic or 
otherwise difficult to achieve.

The linear motion guide bearings used for 
demanding (e.g. clean rooms, vacuum, 
corrosion resistant, low/high temperature) 
applications usually include sealing strips as 
standard and provision for specialist lubrica-
tion. Even fine movement applications can be 
addressed with modified standard product 
including special lubrication. 

Bearing systems must be fixed to a rigid and 
sound base to ensure that bearing straight-
ness and flatness can be achieved and that 
the system harmonics is minimised so as 
not to interfere with dynamic positioning and 
motion performance. Unsupported linear 
bearings are not inherently straight and must 
be fixed to a datum surface with the aid of 
calibrated alignment equipment.

Feedback System
Most linear motor stages use optical scale and 
reading head type encoders although it is also 
possible to use magnetic encoder systems 
which are extremely robust and useful for very 
hostile environment applications, but for preci-
sion applications linear optical encoders are 
able to perform to higher levels of accuracy 

Linear motor-based precision positioning systems 

Cliff Jolliffe

Figure 1: Typical linear stage setup showing linear motion 
guide bearings and glass scale encoder with 2 'U' channel 
linear motors

Figure 2: Interferometer position feedback on single axis, 
linear motor driven air bearing stage
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due to their finer scale pitch. The best linear 
optical scales can provide accuracies exceed-
ing +/-1 μm per metre. With the use of suit-
able amplified sinusoidal encoders, resolutions 
can be as low as 0.001 μm (1 nm). In certain 
cases, where extremely high positional accu-
racy is required, interferometric feed back may 
be required. For these applications commer-
cially available laser interferometer systems 
(see figure 2) can provide the highest accuracy 
with resolutions as low as 40 pm. 

One of the major benefits of using a linear 
encoder system in a linear motor set-up 
is that the reading head and scale can be 
placed very close to, or at the bearing system 
centre line where it will measure the linear 
position at its most accurate point – free from 
abbe errors which are caused by very small 
angular deviations in straightness and flat-
ness being amplified by the distance between 
the bearing and the point of measurement. 
Allowance for Abbe errors is also important in 
multi axis set-ups or where the load and point 
of measurement needs to be offset from the 
bearings as is often the case. For such appli-
cations the laser interferometer may be a bet-
ter choice as the target can be placed exactly 
at the required point of measurement for the 
highest accuracy.

Optical linear encoders can take the form of 
glass scales or tapes see figures 1 and 3). 
Glass or other specialist low thermal coef-
ficient materials used as scales are normally 
more expensive and have superior tempera-
ture stability to tapes, which are much easier 
to install and are more durable. 

In most precision applications where optical 
or magnetic encoders are used, the scale 
pitch is presented as a sine wave and inter-
polated to yield finer resolution (but not accu-
racy). The accuracy over the full scale can be 
seen as a gradient with increasing error over 
distance. This dominant scale error is accom-
panied by a smaller cyclic or sub divisional 
error caused by the interpolation method and 
whilst this error is non-accumulating it can 
have a significant effect on the servo control 
loop and can cause hunting, temperature rise 
and generally reduce the dynamic system 
accuracy so will need to be considered.

It is possible to map an encoder-based single 
axis (or dual axis) set-up with an interferom-
eter and calibrate the accuracy with actual 
positional information at a point of reference. 
This information can then be used as a look-
up table by the motion controller to correct 
position dynamically during motion. This error 
correction method is becoming increasingly 
popular in applications for high precision sys-
tems such as high-accuracy laser machining.

Finally, the resolution required from a linear 
encoder or interferometer based feedback will 
influence the actual speed that the positioning 
system can achieve. The motion system data 
rate is limited; so the finer the encoder sys-
tem resolution the more this will limit speed 
of travel. However, advances in design and 
higher bandwidth encoder sampling rates can 
often yield this potential problem unimportant. 

Cable management

The first point to mention is that many other-
wise excellent automation projects have failed 
because cable management has been con-
sidered far too late in the design stage – even 
after manufacture and assembly, see figure 4. 

As linear motors and feedback devices are 
essentially friction free and linear bearings 
have a predictable life, the working life of a 
complete positioning system and the frequen-
cy of maintenance downtime is often depend-
ant upon the cable management system. 

It is possible to design-in flat cable style man-
agement on small positioning systems that 

can be arranged in single, dual or even three 
axis linear motor driven positioners but in the 
majority of applications the Energy Chain type 
cable handling systems provide a better solu-
tion (see figure 5). 

Energy chain can be used for motor power 
and encoder cables as well as other services 
required for a particular project. The first task 
is to define the total cable requirement and 
determine the diameter, weight and bend 
radius for each. Most cable manufactur-
ers specify cable bend radius but it is very 
important to use the dynamic rather than 
static rating. Wherever possible, “chain rated” 
cable (specifically designed to withstand the 
rigours of constant flexing and high accel-
eration) should be specified. So too should 
environmental requirements (i.e. temperature, 
humidity, cleanliness, vibration etc) as these 
all have an effect on cable performance and 
life. The cable chain orientation – horizontal, 
side mounted, standing or hanging – is also 
of importance as is the space and clearance 
envelope, how the chain may need supporting 
and requirements for maintenance access.

Having determined these factors, energy 
chain manufacturer’s specifications and 
charts for cable fill, weight and strength 
should be consulted with attention to keep-
ing radically different cable diameters apart 
with internal separators and also being mind-
ful of separating cables for EMC purposes. 
It is always worth allowing for extra space in 
the cable chain just in case it is required at 
some later stage in the life of the positioning 
system. 

As with the choice of linear bearing the weight 
and drag from the energy chain system will 
influence linear motor sizing and will be 
allowed for when selecting the motor type 
and power for the finished system design.

Further information
Aerotech publish a 28 page information 
resource, aptly named the “Linear Motors 
Application Guide” which is available from 
Aerotech sales offices and its world-wide dis-
tributors. This popular publication has been in 
print for several years and continues to be an 
important resource for the designer and will 
help to make the correct decision regarding 
the type of linear motor that is suited to a par-
ticular application. 

Cliff Jolliffe is with Aerotech Limited, Aldermaston.

Contact: 
T: +44 (0)118 940 9400
F: +44 (0)118 940 9401
E: cjolliffe@aerotech.co.uk

Figure 3: Vacuum 
prepared linear stage 
showing linear motion 
guide bearings, 'tape' 
style optical encoder, flat 
linear motor, and chain 
type cable management

Figure 4: An open frame air bearing X-Y table with 'U' 
channel linear motors and integral 'flat cable' cable 
management, supplied on a granite base.

See Observations p42

Figure 5: Aerotech LMA series linear motor driven 
actuator with linear motion guide bearing, featuring U 
channel linear motor, 'tape' style optical encoder and 
cable chain system 
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ELAS is the subsidiary of the HACO 
group responsible for the produc-
tion of laser cutting machines. 

Some years back, a strategic decision 
was made to develop our own CO2 laser 
source for these machines. This was both 
a financial decision (since the laser source 
is the component with the largest added 
value) but it was also justified on techno-
commercial grounds.  From a commercial 
point of view it is of course attractive to 
offer a completely home grown product, 
especially regarding maintenance and 
repair. Technically, the decision offered us 
an opportunity to start from scratch and 
to address a key question in machine tool 
fabrication viz. given that there are fine 
lasers available on the market and that 
in the field of robotics and machine tool 
fabrication there is a lot of know-how, 
why in free space delivery do there remain 
persistent problems of integrating the two 
components? 

The problem
The technical challenge can be stated thus. 
On one side you have “the application” 
(e.g. you require a focused laser beam (the 
Machine Tool Point (MTP)), and you want 
to move it over a certain range of machine 
travel. On the other side, you have the laser, 
in essence a source of light that needs to be 
imaged to produce the MTP. Typical chal-
lenges relate to the variation in beam diam-
eter and wave front curvature over the range 
of machine travel, and heating effects in the 
focusing optics. All of these cause a change 
in MTP, be it in position, diameter or both. 
Added to this is the fact that the “far field” 
of a typical CO2 laser (i.e. the point beyond 
which the beam diameter grows linearly with 
distance and the divergence angle is con-
stant) typically starts 10 to 20 m from the 
laser. So, in practice one is working in the 
near field, where the wave front curvature var-
ies significantly, and diffraction effects from 
the apertures in- or outside of the laser have 
a significant influence. 

What is needed is some intermediate optical 
system to maintain a constant MTP and in our 
experience this is the lack of such a system 
that is responsible for most challenges faced 
by machine tool fabricators. Generally the 
optics involved either have special coatings 
(phase retarder, reflection isolator) whose 

function is dependent on the angle of inci-
dence, or they are curved, making centring 
and orientation critical to maintaining beam 
symmetry (astigmatism). It goes without say-
ing that these requirements are not easily 
fulfilled if there is no rigid spatial relationship 
between the laser and the “external optics.”

Model calculations
In essence our approach is to simultaneously 
optimise the complete optical path from reso-
nator end mirror to MTP for the application in 
hand. In our case the application is a stand-
ard flying optics flatbed laser cutting machine, 
and our approach leads to a model that con-
siders both intra- and extra-cavity optics:

Starting from the resonator end mirror we 
consider the beam as it traverses the resona-
tor, is partially reflected and partially refracted 
by the output coupler, propagates through 
a telescope (where it is expanded and col-
limated) propagates to the machine zero point 
and is subsequently focused by a lens at any 
position between zero and the maximum trav-
el of the machine. The model also considers 
the effect of limiting apertures inside the laser 
and along the machine beam path. 

Starting from a set of initial values for every 
parameter, the model first calculates the 
Gaussian mode radius (w) of the resonator. 
The true beam will be M times larger and we 
equate 2Mw to 87% of the clear aperture of 
the resonator. Using this value of M the com-
pletely specified Gaussian laser beam can 
then be traced through the output coupler 
and along the rest of the machine. In real time 
during machine operation the model dynami-
cally calculates the focal shift and this infor-
mation is used to provide compensation by 
equipping the cutting head with a motorised 
“autofocus” axis (i.e. Z-axis movement). 

In this manner we can maintain constant 
process parameters during the travel of the 
machine, especially in the region near the 
resonator, without having to rely on: manual 
intervention; subjective evaluation of cutting 
quality as a function of position of the cutting 
head; mechanically complex optical systems 
(“trombone”); or optically complex measures 
(adaptive optics, CNC adaptive telescope)

Practical implementation
Turning this design into a practical device we 
need to work on three levels:

• Mechanics
 The spatial orientation in of components 

must be fixed by the assembly procedure 
and be identical for each laser, in order 
to ensure uniform specifications 

• (Laser)Physics
 Asymmetry in the laser gas discharge 

must be eliminated to ensure a homoge-
neous gain profile

• Optics
 Asymmetry caused by stress in the 

optics must be eliminated. This involves 
special attention being given to mounting 
and cooling.

These three areas are listed in order of impor-
tance i.e. first and foremost the mechanical 
assembly must be correct. Next the resona-
tor needs to create a homogeneous gain 
medium, and finally the optics that extract the 
power from it must be stress-free.

An integrated approach to laser machine tool fabrication 

David Toebaert

Figure 1: Construction of the HLT4500 (from top) welded 
and stress-relieved construction and invar construction 
for precise relative positions of the optics; linking the 
external optics to the resonator structure (two distinct 
possibilities are shown, one with and one without back 
reflection isolation); The assembly with all remaining 
components (discharge tubes, electrodes etc.) added.  
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We start with a welded and stress-relieved 
construction that will hold both the resonator 
and the external optics The resonator itself is 
an invar construction assembled on a refer-
ence granite base, ensuring the precise rela-
tive positions of the optics. The base frame is 
machined in a single setup, milling all mount-
ing surfaces and drilling all locking pin holes 
etc. and is an exact copy of the reference 
granite slab on which the resonator is pre-
assembled. See figure 1.

The resonator is initially fixed to the base 
frame on removable precision shims. Once 
its position in space is correct the shims are 
removed and the resonator is suspended in 
front of the frame in a stress-free manner; 
thereby eliminating any influence of the frame 
on the shape or position of the resonator. 
The laser is now perfectly referenced relative 
to the zero-point of the mounting pattern. 
The next step is to link the external optics 
to the resonator structure, starting from the 
machined reference plane. Throughout, none 
of the components needs to be aligned 
in space: orientation and centring of the 
mechanical components is ensured by the 
assembly procedure.

The (optically) irrelevant components (dis-
charge tubes, electrodes etc.) are then 
mounted onto previously machined surfaces.

In practice there remains some asymmetry 
(deviation from perfect cylindrical symmetry); 
this is caused only by addition of mechanical 
tolerances and amounts typically to less than 
0.25mm on the diameter. However, this is 
completely masked (from the perspective of 
the beam) by making the mechanical aperture 
of the laser somewhat larger than the optical 
aperture.

Laser performance
Now we have defined the ‘empty’ or ‘cold’ 
resonator, we need to fill it with an active 
medium, in this case a gas discharge in a 
mixture of He/N2/CO2. This involves trans-
porting the gas rapidly and in a turbulent 
manner through the discharge tube: rapidly, 
because we need to get rid of the waste heat 
(70 – 80% of the input power); turbulently, to 
ensure a homogeneous gain profile over a 
cross section of the tube and to stabilize the 
glow discharge.

We achieve these two requirements through 
the specific design of the gas inlet and the 
use of segmented electrodes. The design 
provides for a large flow cross section, allow-
ing the blower to operate at a relatively low 
pressure ratio and hence produce maximum 
flow rate; together with an radial inlet configu-
ration that causes a violent mixing of the inlet 
jets to produce a high degree of turbulence 

and hence a homogeneous discharge with 
a high power loading capability. The desired 
homogeneity is thus produced by the geom-
etry of the design and does not rely on ‘fine-
tuning’ any electronics or delicate positioning 
of electrodes, in line with the design principle 
that the lasers we make must be identical. 
Our success in maintaining a homogeneous 
glow discharge at any power loading means 
that the maximum electrical input is a func-
tion only of the total mass flow produced by 
the blower (which sets a limit on the exit gas 
temperature), not on any ‘filamentation thresh-
old’ (i.e. the power loading at which streamers 
occur parallel with the glow discharge) 

The final step relates to the optics. The most 
critical component is the output coupler. The 
window mount is designed in such a way that 
the optic, in ‘cold’ conditions, is free from 
mounting stress i.e. there are no point forces 
exerted on it, it is self-centring and it can 
expand freely in the radial direction. Starting 
from this situation, we determine the mechan-
ical deformation (caused both by the pressure 
difference) and by the temperature distribu-
tion (caused by absorbed beam power); and 
refractive index distribution (caused by these 
same temperature variations) for the output 
coupler with the beam on.

Analysis the shape change of the window as 
a consequence of the pressure difference and 
the bulging due to heating can be calculated; 
however, a key input parameter is the thermal 
resistance at the point of contact between the 
output coupler optic and the mount and this 
can only be determined experimentally. The 
shape change of the window is modelled as 
a spherical deformation (change of radius of 
curvature) and can be incorporated into the 
model. In this respect, the ‘free’ suspension 
of the optic is essential: if it is not allowed to 
expand freely it would deform asymmetrically 
and become stressed, making the propaga-
tion of the beam essentially unpredictable.

Traditionally, only the index of refraction dis-
tribution is termed “thermal lens effect”. Its 
influence is equivalent to adding a thin lens 
after the output coupler i.e. we allow for a 
change to its inner and outer radius of curva-
ture and we add an extra lens to account for 
the index of refraction distribution. Separating 
these two contributions we find that close to 
the laser the beam is most affected by the 

mechanical deformation of the lens whereas 
the increased beam diverge at larger distanc-
es is primarily due to by thermal lensing. 

Laser beam mode
After following the procedure outlined above, 
we have a cylindrically symmetrical mechani-
cal layout, laser gain and optical configura-
tion. This generates cylindrically symmetrical, 
Laguerre-Gauss transverse mode patterns 
as shown in figure 2, instead of the better 
known astigmatic Hermite-Gauss modes*. The 
Laguerre-Gauss modes are extremely simple: 
starting from a purely gaussian distribution 
(top left), we go to a ring-type mode (bottom 
left), and as soon as it becomes wide enough 
a new central maximum appears (top right), 
and so on for higher mode numbers. The 
four theoretical modes shown have the same 
‘waist radius’ w and differ in size only by the 
factor M. For comparison a burn mark of the 
beam as produced by the HLT4500 is shown 
(top right).

Result ...

Finally, we put a box around it all and describe 
it as a ‘beam generator’ rather than a ‘laser’: 
what comes out is a perfectly controllable 
beam with a pure, circular polarization and 
collimated over a predetermined range, with a 
minimal, but known remaining wave front cur-
vature variation (focal shift) that can be com-
pensated for on a purely theoretical basis.

David Toebaert is with E.L.A.S. NV, Slachthuisstraat / 
Rue de l’abattoir 53, B-7700 Moeskroen / Mouscron, 
Belgium.
T: +32-56-585.250

E: david.toebaert@skynet.be

* What is traditionally referred to as the TEM01* 
(doughnut) mode doesn’t really exist. The only way 
of obtaining something ring-shaped by superim-
posing Hermite-Gauss modes inevitably leads to 
a radial or azimuthally polarized beam, since to be 
able to incoherently superpose the modes they must 
be orthogonally polarised. Coherent superposition 
simply produces the same two-lobe beam, but with 
the zero-line rotated 45 degrees.

A homogeneously linearly polarized ring-shaped 
beam only exists as a Laguerre-Gauss TEM01 mode.

Figure 2: Laguerre-Gauss transverse mode patterns 

Figure 3: The completed HLT4500 

See Observations p42

Blower 
driver & 

filters

Touch 
screen 
control 

panel

Beam exit

Collimator

Resonator 
structure

HV Elect-
ronics

Phase 
retarder

Turbo 
blower

Sealed 

HV trafo

Issue49 final.indd   33 20/12/07   16:21:13



The Laser User       Issue 49, Winter 2007

WELDING

32

Interest in the potential of laser micro-
welding of polymers has grown sig-
nificantly as a result of advances in the 

micro-injection moulding and hot emboss-
ing technologies. These techniques can 
be used to manufacture polymeric micro-
systems at low cost and high volume, with 
particular applications in the medical and 
biotechnology sectors. The trend in these 
sectors is towards an increased level of 
integration and, at the same time, reduced 
physical volume; leading to challenges such 
as how to produce polymeric micro-fluidic 
devices with channels only a few hundred 
microns wide and furthermore how to seal 
them when extremely reduced joining areas 
as narrow as 100 µm are available.  

When it comes to such small and complex 
components and joining feature contours, glu-
ing and ultrasonic welding techniques, which 
are well established for medium sized plas-
tic parts, become too time consuming and 
can led to contamination or distortion of the 
joining component. As a result, laser beam 
welding, which has become a successful 
solution for a wide range of industrial polymer 
applications, is being actively pursued. The 
traditional source for polymer welding is the 
high power diode laser; but for micro-welding 
the fibre and disk lasers may be more suitable 
since smaller focal spots can be achieved 
with these laser sources. However, while 
welding with these high brightness sources 
has been proved for metals it remains to be 
confirmed for polymers. 

When it comes to narrow weld seams mask 
welding using a line focused diode laser has 
until now been the preferred solution [1]. 
The minimum weld seam width achieved 
through this approach is around 100 μm; the 
main drawbacks being the significant effort 
required to develop the mask, the mask align-
ment and the large amount of wasted laser 
energy. The need for a mask arises from the 
low quality of the diode laser beam, which 
prevents small focused spots of from being 
achieved. On the other hand, the highly 
focused output of a high brightness (e.g. 
fibre, disk) laser can be so intense that it risks 
immediate material damage. 

The solution proposed here is a new tech-
nique, called TWIST – Transmission Welding 
by an Incremental Scanning Technique. It 
avoids polymer damage and can be used to 

produce weld seams of 100 μm width without 
recourse to a mask.

The welding experiments were performed 
using the laser pick-and-join tool shown 
in figure 1. The tool integrates a 9W CW 
1112 nm single mode fibre laser source (SDL-
FL10_3911), a galvanometric mirror unit, a 
device-adapted gripper, a process monitor-
ing system and a precise positioning system. 
The fibre coupled laser beam is guided into 
a beam expander and scan head and then 
through an F-Theta lens with a focal length 
of 100 mm onto the work piece, producing a 
focused spot of 70 μm. A conventional pneu-
matic clamping device was used to supply 
the necessary pressure to the components to 
be joined. 

The TWIST procedure 
Based on elements from the field of high 
speed scanning technology and a single 
mode fibre laser with an almost ideal beam 
quality the Transmission Welding by an 
Incremental Scanning Technique (TWIST) 
has been developed for the laser welding of 
polymeric materials. Basically, the technique 
combines the characteristics of the contour 
welding and quasi-simultaneous welding; 
that is, the fibre-delivered laser beam traces 
the contour of the weld seam whilst high-
speed scanning mirrors superimpose an 
a high dynamic movement (circular, linear, 
etc.) to avoid the overheating of the material. 
Considering a circular high dynamic move-
ment at each point along the welding contour 
the laser beam passes over the material sev-
eral times, as shown in figure 2.  

The irradiation strategy
The optimisation parameters of the combined 
movements are determined by the focal spot 

size and the degree of overlap of passes that 
is needed to achieve a homogeneous weld 
seam. It was established experimentally that 
for optimal scanning the frequency of the 
circular movement has to be between 1 and 
2 times the linear travel speed divided by the 
radius of the circular movement i.e. 

 

where f is the rotation frequency of the cir-
cular movement (Hz), r is the radius of the 
circular movement and v is the linear travel 
speed. If f is too low the weld seam will be 
too asymmetric shape whilst if f is too high 
then, depending on the spot diameter and 
material properties, overheating leading to 
material damaged may occur. Under optimum 
conditions the degree of laser spot overlap in 
sequential orbits is sufficient to achieve high 
quality, homogeneous weld seams without 
thermal damage to the polymer even.

Results 
The initial welding trials were carried out on 
two 2 mm thick injection moulded polycar-
bonate plates. Transmission welding was 
used, this being the most popular approach 
for the laser joining of thermoplastics [2, 3]. 
The top polycarbonate plate was transpar-
ent at the laser wavelength, while the second 
joining partner contained a 0.5 wt% of carbon 
black to make it absorbent at 1112 nm.

According to the state of the art for laser 
polymer welding weld seams down to 500 
μm width can be achieved without significant 
problems [5]. The aim of this work was to 
investigate based on the availability of new 
laser sources with an almost Ideal beam qual-
ity the possibility to achieve weld seams from 
this width downwards. 

Figure 3a shows the weld seams obtained 
for a radius of the circular movement of 
r= 200 μm. One would expect the seam width 

Advances in laser micro-welding of polymers 

Andrei Boglea, Alexander Olowinsky and Arnold Gillner

Fig. 1: Functional prototype of the pick & join tool

Fig. 2: Irradiation strategy principle of TWIST
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to be the diameter of the circular movement 
(400 μm) plus the diameter of the focused 
spot (70 μm); the measured value is 500 μm. 
The figure illustrates the effect of incorrectly 
setting the rotation frequency to linear travel 
speed. Referring to equation (1), for a fre-
quency of f= 600 Hz and a linear speed of 
v=  70 mm/s the weld seam is seen to be 
inhomogeneous (i.e. there is a insufficient 
beam overlap between consecutive cycles). 
By adjusting the linear speed to v= 20 mm/s 
and the frequency to f= 400 Hz, a weld seam 
of optimal appearance could be obtained. 
This is shown in figure 3b; the laser power 
here was 3.6 W. 

Reducing the radius to r= 50 μm weld seams 
with a width of 170 μm could be achieved, as 
shown in figure 3c and 3d. Figure 3c shows 
the effect of a wrong correlation between the 
circular and linear movements:. The frequency 
of the circular movement of f= 2500 Hz for a 
linear speed of v= 300 mm/s is significantly 
lower than the minimum recommended value 
(f= 6000 Hz) according to equation 1. Figure 
3d shows optically high quality weld seams 
170 μm wide obtained by reducing the speed 

to v= 166 mm/s and increasing the frequency 
to f= 3000 Hz. The laser power was 5.9 W. 

The minimum circular radius setting used in 
the experiments was r= 20 μm, less than the 
radius of the focused spot. For this radius 
weld seam widths of 120 μm were obtained, 
as shown in figure 3e. The settings used were 
f= 2500 Hz, v= 200 mm/s, laser power 5.9 W. 
For this small setting of circular radius a 
homogeneous weld seam of excellent appear-
ance could be realized even if the circular fre-
quency was set lower then the optimal value. 
With a laser spot diameter of 70 μm, a further 
reduction of the weld seam width was not 
possible with the current set-up. 

Sealing of PMMA microfluidic devices
Based on these experimental results the seal-
ing of the PMMA microfluidic devices shown 
in figure 4 was investigated. For this specific 
application the requirement of narrow weld 
seams is governed by the narrowness of the 
joining area. Structures with a channel width 
down to 50 μm and with separations of only a 
few hundred microns have to be sealed using 
weld seams of width no more than about 
100 μm [4, 5]. 

Starting at a linear speed of 2 m/min and 
scaling the laser power and feed rate, a 
welding time of 3 s per microfluidic device 
(total welding length per device 600 mm) was 
achieved, a time frame suitable for high vol-
ume production. 

Another major aspect related to the thermal 
sealing of microfluidic devices with narrow 
channels is represented by the amount of 
energy deposited into the joining area. Too 
high an energy input would lead to excessive 
melting of the material and distortion of the 
microstructures (possibly closing the chan-
nels). The welding results shown here dem-
onstrate that the smallest structures of the 
microfluidic chip can be sealed without visible 
distortion. 

Conclusions
Welding with high brightness lasers implies 
high laser intensities in the focused spot. The 

TWIST technique was developed to avoid 
material damage. Using this technique fibre 
laser micro-welding of polymers was achieved 
with high quality weld seams without ther-
mal degradation of the material and at high 
processing speeds. Weld seams with a width 
of around 100 μm could be achieved making 
possible the packaging of microfluidic devices 
with complex and very narrow welding con-
tours. The technique therefore provides a 
feasible alternative for the demanding mask 
welding technique. 
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Fig. 3: Micrographs 
of weld seams 
produced by the 
TWIST technique 
between two 2 mm 
thick polycarbonate 
plates:

a. inhomogeneous 
weld seam 500 µm

b. optically high 
quality weld seams 
500 µm wide

c. asymmetric weld 
seam 170 µm wide

d. optically high 
quality weld seams 
170 µm wide

e. optically high 
quality weld seams 
120 µm wide
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Fig. 4: PMMA microfluidic device sealed with a 75 µm 
cover foil

See Observations p42
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According to the January 2007 issue 
of ‘Industrial Laser Solutions’ [1], 
just over 37,000 production systems 

using laser beams for materials process-
ing were installed world wide in 2006. The 
sales value of these systems was estimat-
ed at $4,710,000,000. It is significant that 
flat sheet laser cutting systems accounted 
for 25% of the total number of units sold 
and 41% of the total revenue. The vast 
majority of these laser cutting systems still 
use a carbon dioxide gas laser – the same 
type of laser used by Peter Houldcroft [2] 
in the first ever experiments on gas assist-
ed laser cutting performed at TWI, in 1967! 

Of course CO2 gas lasers used in today’s 
laser cutting systems have evolved signifi-
cantly over the years and are now fully inte-
grated into the highly accurate and efficient 
machine tools currently used in production. 
This laser maintains its prominent position in 
laser cutting for several reasons, of which the 
three most important are probably:

• the laser powers necessary for cutting 
are readily available with this technology;

• the beams from these lasers can be 
focused to small spots with the very cir-
cular and symmetric energy distributions 
required for laser cutting; and 

• in terms of cost per kW at the powers 
needed for laser cutting, CO2 laser tech-
nology provides one of the most cost 
effective solutions.

It is quite clear from the above that the 
advantages of any laser technology trying 
to usurp the current position of CO2 lasers 
in cutting will need to be very significant to 
succeed. In fact it is only very recently that 
alternative laser sources, with real potential to 
replace the CO2 laser, have become available 
– and these are the thin disc laser and the 
fibre laser. Fibre lasers are optically pumped 
by laser diodes, also solid state. Ytterbium 
is generally the doping element used for the 
high power fibre lasers currently available for 
materials processing and this produces laser 
light at about 1μm wavelength, very close to 
that of the Nd:YAG solid state lasers, but ten 
times shorter than the wavelength of the light 
produced by the CO2 laser. More details of 
the fibre laser can be found in ref 3.

So what are the potential advantages for this 
type of laser for cutting metal? Firstly, the 
fibre laser is completely solid state, and very 
compact in size; kW for kW it is significantly 

smaller than the equivalent CO2 gas laser. 
Secondly, the laser is very efficient in terms of 
energy usage, being of the order three times 
better than current CO2 lasers; and thirdly, the 
fibre laser has no recognised consumables 
(because the laser diodes have projected 
lifetimes of the order 100,000 hours) and 
requires essentially no maintenance. These 
advantages are particularly significant today, 
in terms of incorporation of a laser source into 
a machine tool.

From the process point of view, the fibre laser 
also offers certain potential advantages over 
the CO2 laser. The beam from the fibre laser 
is delivered via fibre optics, which adds addi-
tional flexibility and ease of use when com-
pared to the 10μm wavelength beams from 
CO2 lasers, which can only be manipulated 
by mirrors. This advantage is probably most 
significant for very high speed, 3D or remote 
cutting applications. In addition, the quality of 
the beams generated by fibre lasers can be 
very high, particularly at the powers currently 
found useful for laser cutting. This means the 
beams can be easily focused to small spots, 
very similar in size to those produced by CO2 
lasers and significantly better than those 
produced by other solid state lasers, such as 
the Nd:YAG rod laser. Finally, for cutting of 
metals, the 1μm fibre laser beam should have 
advantages over the 10μm CO2 laser beam, 
because the absorption by the metal of the 
shorter wavelength light from the fibre laser 
will be higher. 

In 2006 TWI conducted two series of laser 
cutting trials using fibre laser sources and 
some of the results of this work are reported 
here. The first series of trials was undertaken 
at the TWI Technology Centre in Yorkshire 
using a 7kW fibre laser manufactured by IPG 
Laser GmbH (model YLR-7000), a laser pur-
chased mainly for welding applications. For 
the cutting trials a standard Precitec industrial 
laser cutting head was used, the optics appro-
priately modified for the 1μm fibre laser beam. 

In a later series of trials, conducted in con-
junction with Cambridge University, a second 
IPG fibre laser was used, a YLR-2000, which 
could produce 2.2kW of output power, but at 
a significantly better beam quality than the 
laser at TWI in Yorkshire. As a good example 
of the ‘plug and play’ capability offered using 
optical fibre delivery, the cutting head used in 
Yorkshire was able to be used in Cambridge, 
without any modifications.

The beam from the YLR-7000 was delivered 
to the cutting head via a 300 μm diameter 
fibre. Using a 150 mm focusing lens, the 
minimum spot size that could be produced 
was 0.36 mm in diameter. Using a lens with a 
focal length of 80 mm produced a minimum 
focused spot size of 0.2 mm. The beam from 
the higher beam quality laser, the YLR-2000, 
was delivered to the cutting head using 
a 50 μm diameter fibre. As a result, using 
the same lens of 150 mm focal length, the 
minimum spot size that could be produced 
dropped to 0.08 mm in diameter, a signifi-
cant improvement over the YLR-7000, cor-
responding to a twenty times higher power 
density at focus at the same output power. 
The higher beam quality of the YLR-2000 
laser also means a greater depth of focus for 
the focused spot. For comparison with the 
0.08 mm spot diameter of the YLR-2000 laser 
produced by a 150 mm focal length lens, 
the CO2 lasers used on today’s production 
cutting machines typically produce focused 
spot sizes in the range from 0.2 to 0.4 mm in 
diameter, with focal lengths between 125 and 
190 mm commonly in use. 

It is generally accepted that a large number of 
variables come into play in any laser cutting 
experiments. In the 2006 work laser power, 
cutting speed, cutting assist gas type, cutting 
assist gas pressure, cutting tip nozzle diame-
ter, cutting tip stand off distance (the distance 
between the nozzle tip and the workpiece 
surface) and the vertical focus position of the 
laser beam, were investigated. The nozzles 
used were a standard ‘conical design’ with a 
flat tip. Oxygen in the pressure range from 0 to 
10 bar and nitrogen in the pressure range from 
0 to 20 bar were used as assist gasses. When 
using the YLR-7000 laser, the cutting head 
was held in the arm of an articulated robot 
and when using the YLR-2000, the cutting 
head was fixed and the samples manipulated 
on an x-y table. Figure 1 shows a selection 

A cutting edge solution... the fibre laser way? 

Paul Hilton and Pak Chong

Figure 1: A section of the materials cut using the YLR-
7000 fibre laser, including C-Mn steel, stainless steel and 
aluminium alloy of thickness ranging from 0.8 to 9 mm.
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of cuts on different materials and thicknesses 
made using the YLR-7000 fibre laser. 

The majority of laser cutting undertaken on 
C-Mn steels used oxygen assist gas and 
the work using the YLR-7000 began with 
4 mm thick material and a 0.36 mm diameter 
focused spot. Though starting with combina-
tions of parameters based on experience 
drawn from CO2 laser cutting, it took several 
changes to obtain a cut quality comparable 
to that using a CO2 laser. The best cut in this 
material/thickness combination, in terms of a 
combination of edge quality and speed, was 
found using a power of 2 kW, at a speed of 
3.5 m/min, with the 0.36 mm diameter spot 
focused at the material surface. These condi-
tions gave a sample with an almost mirror like 
finish (surface roughness, Ra, between 1 and 
2 μm). This sample is the fourth from the top 
in Figure 1. For the C-Mn steels and using 
oxygen as the assist gas, it was generally felt 
that the tolerance box for achieving a high 
quality cut with the fibre laser was tighter than 
for the CO2 laser. 

One of the areas where it is felt the fibre laser 
should perform well is in the cutting of thin 
(<1mm) material. Here the combination of 
high power densities and short wavelength 
available with the fibre laser might be expect-
ed to provide advantages. Steel 0.8 mm thick, 
was cut using both the YLR-7000 and the 
YLR-2000 laser, with both oxygen and nitro-
gen assist gasses, at laser powers between 1 
and 2.2 kW. The results showed that for each 
of the focal spot sizes investigated (0.08 mm, 
0.2 mm and 0.36 mm diameter) there was a 
linear relationship between laser power and 
maximum available cutting speed, and the 

optimum gas pressure of between 10 and 
12 bars, was independent of the gas used. 
A maximum cutting speed of 59 m/min was 
found at 2.2 kW using the 0.08 mm diam-
eter spot and oxygen assist gas. The edge 
quality of this very high speed cut can be 
seen in Figure 2. At this material/thickness 
combination the effect of beam quality/spot 
size is very large. When cutting the 0.8 mm 
thick material using nitrogen assist gas, the 
maximum cutting speed was lower, falling for 
example to about 19 m/min using the YLR-
7000, at 2.2 kW, with a spot size of 0.2 mm 
and to about 13 m/min (at the same power) 
using a spot size of 0.36 mm. The high-
est cutting speed recorded at 59 m/min is 
very comparable to the best published data 
obtained with a CO2 laser. 

Most commercial laser cutting systems have 
to work over a range of materials and thick-
nesses and it might be expected that the 
combination of small spot size and large 
depth of focus offered by the fibre laser might 
assist in the cutting of thicker material. To 
investigate this, stainless steel of thickness 
3, 6, 8, 10 and 13 mm was cut using the two 
fibre laser sources, with high pressure nitro-
gen as the cutting gas. In this work, it was 
consistently found that when using either the 
0.36 mm or the 0.08 mm diameter spot, bet-
ter cuts were made with the position of the 
minimum spot diameter pushed down below 
the surface of the material; in fact, exactly as 
would be expected for CO2 laser cutting. 

Figure 3 compares the surface quality for 
the 6 mm thick stainless steel, cut using 
both laser sources. For the top, middle 
and bottom sections of the cut, the surface 
roughnesses, Ra, were 4.6, 5.3 and 5.5 μm, 
respectively for the 0.08 mm spot, and 4.8, 
6.0 and 9.4 μm, respectively for the 0.36 mm 
spot. These values, although good, are no 
better than can be obtained using CO2 laser 
cutting. Unfortunately, these measurements 
were made at two different laser powers and 
cutting speeds so a direct comparison is not 
possible. 

A quite difficult material for laser cutting is 
aluminium. It has a very high reflectivity to 
CO2 laser light, it has a high thermal con-
ductivity and it also forms an oxide which is 
impermeable to oxygen. Nevertheless, good 
quality cuts in aluminium alloys can be made 
using CO2 lasers and high pressure inert gas 
techniques. Figure 4 shows the edge quality 
obtained on 5 mm thick Al alloy, using a high 
beam quality fibre laser at a speed of 3 m/
min, using 4 kW of laser power. 

In summary, these fibre laser cutting results 
provided the first examples of the performance 
of fibre lasers beam in cutting applications. 

Using a high beam quality fibre laser cutting 
speeds were high for thin materials, and in 
thicker section most of the materials common-
ly cut using CO2 lasers (such as stainless steel 
and aluminium) could also be cut effectively 
with the fibre laser, although in this work the 
cut quality with the fibre laser was less than 
could be obtained by using a CO2 laser. It is 
possible that with more attention to assist gas 
flow to eject molten material from a narrower 
kerf, the quality and speed of fibre laser cutting 
can be considerably improved. In this context 
it should be remembered that in this year of 
2007 we will have been cutting with CO2 lasers 
for 40 years! 
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Figure 3: Comparison of 
the edge quality on 6mm 
thick stainless steel

YLR-2000 fibre laser 
providing a high quality 
beam (2.2 kW, 0.9 m/min)

YLR-7000 fibre laser 
providing a poorer beam 
quality (3 kW, 1.6 m/min)

Figure 2: Edge quality on 0.8mm thick steel, cut using 
the YLR-2000 fibre laser, at a speed of 59m/min and high 
pressure oxygen assist gas

See Observations p42

Figure 4: Fibre laser cut in 5 mm thick aluminium alloy. 
Cutting speed 3 m/min.
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New strategies in laser micro 
processing of glasses and other 
optically transparent materials 

using diode pumped solid state (DPSS) 
laser sources are being developed with 
increasing interest. Since optical materi-
als are transparent both the fundamental, 
frequency doubled and trebled laser wave-
lengths (1064, 532 and 355 nm for Nd:YAG), 
the techniques involved rely on non-linear 
absorption of short and ultra-short laser 
pulses to initiate material ablation. 

Above a certain peak intensity threshold, 
short-pulsed laser processing of these optical 
materials is possible even in materials trans-
parent at the laser wavelength. For example, 
for glass machining using Q-switched nano-
second laser pulses at 532 nm the threshold is 
typically above 50 J/cm2 and the ablation rate 
per pulse can exceed several microns [1,2]. 

Table 1 compiles some of our results using 
different Q-switch DPSS lasers at 532 nm. The 
lasers used were a Nd:YAG (HAWK-8-O by 
Quantronix, USA) and a Nd:YVO4 (MESA-V-15 
by Azura Laser, Germany). 

Taking as an example the cutting of a 3mm 
diameter disk from D263T borosilicate glass 
0.3 mm thick, the 4 W average power of the 
entry in the third row corresponds to a pulse 
repetition rate of frep = 10 kHz and single pulse 
energy of Ep = 0.4 mJ. Removal took 5s, cor-
responding to some 50,000 shots uniformly 
distributed over a nearly 10 mm circumfer-
ence of the disk until it separated from the 
sample. Referring again to the third row 
entry, the fluence is 50 Jm-2. For pulses of 0.4 
nJ this corresponds to a beam diameter of 
approximately 35 μm, implying that of order 
175 pulses were applied to each point on the 
circumference to cut out the disk, or 2 μm per 
pulse. In the first entry of the table frep = 6 kHz 
and Ep = 1.3 mJ per pulse (for a fluence of 
120 J/cm2) to an average ablation rate for 0.20 
mm thick rate even increases to over 4 μm per 
pulse. The results tabled for copper foil, which 
correspond to almost identical processing 
conditions, imply an average ablation rate of 5 
μm per pulse, demonstrating a surprising high 
processing efficiency for borosilicate glass. 
The processing time increases more than lin-
early with glass thickness, presumably due to 
the higher mechanical stability of thicker glass 
samples and greater beam losses at the bot-
tom of the cut.

 [mm]  [s] [W] [J/cm2]

D263T 0.20 2 8 120

D263T 0.30 3 8 120

D263T 0.30 5 4* 50

D263T 0.30 5 5* 30

D263T 0.40 6 8 120

D263T 0.55 15 6.5 160

AF45 0.40 9 6.5 160

B33 0.70 50 6.5 160

C1737F 0.70 60 6.5 160

Al2O3 0.38 50 5 145

AlN 0.25 10 5 145

Si 0.10 2 5 70

Si 0.15 3 5 70

Si 0.40 8 9 125

Copper 0.20 3 8 185

Applications
Figures 1 and 2 are examples of laser trepan-
ning into borofloat glass B33 and Borosilicate 
D263 using 80 ns pulsed 532 nm (green) 
laser light at a fluence level of 160 J/cm2. The 
smallest disks obtained from the 0.7 mm thick 
sample had diameters of 500 μm. Micro-holes 
of only 50 μm were produced, though the 
method was closer to percussion.

Results to date using 80 ns nanosecond laser 
pulses at 532 nm at average powers below 
10 W exhibit a degree of shallow chipping on 

the processed edges, typically extending over 
a width of 50 to 100 μm. The degree of chip-
ping depends on the glass type and is perhaps 
tolerable for many purposes. Further studies 
using the Azura Laser have demonstrated an 
improvement in processing quality (reduction in 
the extension of chipping at the cutting groove) 
using shorter (25 ns) laser pulses. Further 
improvements can be made by optimizing 
the pulse-to-pulse overlap during processing. 
Figure 3 shows some of the improvements in 
the quality that have been achieved.

 

The processing time for a full body cut into 
glass increases quadratic with the disk or 
ring diameter, as expected. However, it also 
increases exponentially with the glass thick-
ness. With increasing scribing depth, the 
ablation rate strongly reduces due to laser 
pulse energy losses inside the cutting groove. 
Without taking extra measures, the scribing 
ends at a certain depth, e.g. close to 0.8 mm 
for a surface fluence of 160 J/cm2. A circular 
disk would then not fall from the thicker sam-
ple, since processing towards the rear side 
remains incomplete. However, this has been 
overcome in recent work by taking additional 
steps in laser beam alignment and manage-
ment and we are now able to obtain full body 
contour cuts into glass with thickness up to 
several mm even at a very moderate fluence 
level of 50 J/cm2, just above the ablation 
threshold. The example of laser contour cut-

Table 1: Time to complete a full body cut of 3 mm dia. 
discs from different flat target materials cut by DPSS 
laser (wavelength = 532 nm, pulse width = 60 - 80 ns). 
Materials include borosilicate glasses (D263T, AF45, B33 
and C1737) and non-transparent materials: ceramics (Al2O3 
and AlN), silicon and copper foil. All materials were cut under 
similar experimental conditions.  
*pulse width = 25 ns.
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Laser micro-drilling and contour cutting of glass 

David Ashkenasi and Manuella Schwagmeier
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Figure 1: Examples of laser processed micro-holes 
in 0.7 mm Borofloat B33 (Schott) by trepanning and 
percussion drilling at 532 nm (green).

Figure 2: Laser processing 
into 0.4 mm Borosilicate D263 
by trepanning and percussion 
drilling at 532 nm (green): holes 
(above) and rings & disks (right).

3 mm

Figure 3: (left) Disks and rings cut from 0.7 mm Borofloat 
B33. (right) Disks and some small disks each with a micro 
through holes of 250 µm in 1.8 mm thick Borosilicate 
B270 (Schott super-white).  
The cuts were made at 532 nm (green). Note that the wall 
width of outer and inner glass ring for B33 and the bottom 
right example for B270 is only 500 µm.

3mm         2.5            2           1.5          1      0.75 

0.5mm       0.4          0.3           0.2     0.1       0.05       
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ting in figure 3 (right) demonstrates this for 
1.8 mm thick B270 “super white”. 

The advantages of pulsed laser cutting of 
glass and other materials are more obvious 
in cases where complex geometries and high 
processing quality are demanded. Figure 4 
demonstrates some of the possibilities of this 
technique, where several squares and other 
shapes were cut out of Borofloat glass B33 
and then placed together again. The cutting 
width is about 50 μm. The processed pieces 
can also be placed back into the original glass 
sample at different angles, which is of interest 
for some applications, such as polarization fil-
ters, where directional features play a role. 

Examples of laser processed glass with more 
complex geometries are depicted in figure 5. 
Figures A and B show circular through holes 
at close spacing; in 5C note the small separa-
tion in the array of hexagon holes, yielding a 
wall thickness in the substrate of only 100 μm 
without cracks or other visible signs of 
mechanical stress. The individual glass pieces 
cut from the substrate in 5C, not shown here, 
are in similar quality. The examples demon-

strate, that the micro chipping on the cutting 
line observed can be confined to a sub-sur-
face depth of < 50 μm. This is a surprising 
result if one considers that the processing is 
done at a wavelength of 532 nm.

For many future applications in display and 
communication technology, where flat glass 
will potentially replace existing plastic cov-
erings, laser contour cutting could provide 
openings for microphones and speakers in 
cellular phones. Figure 6 shows examples 
of laser processing in 1 mm D263T glass. 
Similar results were obtained in chemically 
hardened D263T.

Laser-induced plasma-assisted ablation
Figure 7 shows examples of separated fire 
resistance 5 mm thick borosilicate B40 glass 
produced by a special arrangement for laser-
induced plasma-assisted ablation (LIPAA). In 
this technique the laser beam passes through 
the transparent sample and is absorbed on 
a metal (e.g. stainless steel, brass, copper) 
target close to the rear surface. Metal vapour 
is deposited onto this surface, resulting in 
plasma generation and significant sample 
ablation [3-5].  In this way even VUV transpar-
ent materials such as fused silica, quartz or 
fluorides can be laser micro-machined. 

In figure 7 the laser beam was focused onto 
the rear side of the sample using a lens of 
either 50 or 100 mm focal length. Best results 
were obtained at a sample to (Al and Cu) 
target distance of 500 μm. The maximum 
edge chipping in all cases was 250 μm, which 
is much better than can be achieved by 
mechanical dicing. 

Looking more closely on the MOPA results, 
one can observe 4 mm long tracks. A first 
estimation on the processing efficiency yields 
an astounding 250 μm “modification” or 
“cracking” depth per single laser pulse. The 
channels characterize the perforation inside 
the glass, as observed in the side view after 
separation. This observation makes rear side 
laser machining of glass a very promising 
approach if chipping and fracture can be 
reduced.

Conclusion and Outlook
The feasibility for drilling and dicing borosili-
cate glasses at 532 nm has been assessed. 
For scribing and separation of <1 mm thin 
glasses, direct front surface focusing of the 
laser beam appears to yield best results in 
speed and quality. Rear side processing in 
combination with LIPAA can be used for full-
body contour cutting and dicing of thicker 
glasses, with much higher processing speeds.  
The results illustrate the potential in DPSS 
laser applications. 
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Figure 4: (left) Laser contour cuts into 0.7 mm thick 
borofloat glass B33. (right) Full body cut glass parts 
from the B33 sample taken directly after laser processing 
and placed together to complete the Christmas tree 
illustration.

Figure 5: Laser cut contours of 
special geometry

(A) 0.7 mm Borofloat glass B33 
with an array of micro holes 
of different sizes (from top to 
bottom): 200, 250, 300, 350, 
550, and 950 µm.

(B) 1.8 mm thick D270 glass. 
5 mm disk with micron-scale 
holes in diameters of (from 
left to right) 0.83, 0.90 and 
1.43 mm. 

(C) 0.7 mm thick borofloat 
glass B33. (top) Hexagons of 
base length 1 mm; (bottom) 
base lengths of 3.5 mm 
(triangle); 2.5 mm (pentagon);  
1.7 mm (heptagon). 

A

B

C

Figure 6: Example study of laser processed 1 mm thick 
D263T glass. (l to r) 16 mm long rectangular openings 
of different widths; closely placed circular openings of 
3 mm diameter; circular openings of 3, 2, 1, 0.5, 0.25, 
0.10 mm diameter.

Figure 7: Side view microscope images of 5 mm thick B40 
glass after laser dicing (cutting) using LIPAA with focused 
nano-second pulses at 532 nm (left) using a 40 W, 2.3 kHz 
MOPA laser system, at a feed rate of 100 mm/s. (right) 
using the Hawk-8-O laser system (Quantronix) at 6.4 W, 
5 kHz, 60 ns and a feed rate of 5 mm/s. 

See Observations p42
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As the price of oil increases, interest 
in alternative energy sources inten-
sifies.  Solar power represents one 

of the most promising renewable energy 
sources. However, solar generation rates 
are still about three to five times higher 
than grid baseline utility rates throughout 
western Europe and the United States.  
As a result, there are tremendous efforts 
underway to lower the overall cost of solar 
power by reducing the cost of manufac-
turing solar cells and by increasing their 
conversion efficiency.  Lasers are poised to 
play a significant role in these efforts.  

Overview of Lasers Processes
Currently, there are two basic photovoltaic 
solar cell architectures: crystalline-silicon 
devices and thin-film based cells. Lasers can 
be used at several key points in the manufac-
ture of both these devices. For crystalline-sili-
con cell manufacturing, the leading applica-
tions are edge isolation, front surface contact 
methods, laser fired contacts, wrap through 
techniques and wafer marking. For thin-film 
devices, laser patterning and edge (border) 
deletion are the techniques most actively 
under development.  

Edge Isolation
During production, p-doped wafers are 
coated with an outer layer of n-doped silicon 
to form a large area p-n junction which gener-
ates the electrical power.  However, this thin 
(10 to 20 μm) layer of n-doped material coats 
all surfaces of the device, including the edges 
and often the rear surface, creating an unac-

ceptable recombination pathway between the 
front and back surface, as illustrated in figure 
1. In edge isolation, a continuous groove is 
scribed completely through this n-type layer 
to achieve electrical isolation.  This groove 
should be as narrow and as close to the edge 
as possible in order to maximize cell active 
area.  

Front Surface Contact Methods
Burying the electrical contacts helps to 
minimize the amount of light collection area 
which is obscured by front-side metallization.  
Lasers can scribe narrow surface grooves 
which are then plated, resulting in electrodes 
with a large collection area relative to their 
width. Typically, the grooves have a width 
and depth of 20 to 30 μm and are cut at 2 to 
3 mm intervals along the cell.

Wrap-Through Techniques
Greater efficiency improvements can be 
obtained by eliminating front side electri-
cal contacts entirely. In metal wrap through 
(MWT) devices, the thin metal contacts are 
moved to the rear surface. In emitter wrap 
through (EWT) devices, power-conveying bus-
bars are moved to the rear surface as well, 
leaving the front free of metal. This is made 
possible by drilling tiny vias to connect the 
front surface with rear-surface contacts. With 
MWT, this requires about 200 holes/wafer. 
With EWT, up to 20,000 of these vias are 
required on each wafer. 

Laser Fired Contacts
With thinner wafers, it can be electrically and 
thermo-mechanically advantageous to include 
a passivation layer between the rear surface 
aluminium electrode layer and the silicon; 
however, this passivation layer is non-con-
ducting. The Laser Fired Contacts technique, 
recently developed by Fraunhofer ISE, pro-
vides a means through which lasers create 
localized contacts. At each site, a laser pulse 
drives the aluminium through the passivation 
layer and several microns deep into the sili-
con, creating a localized Al/Si alloy. 

Wafer Marking
Marking is used to provide tracking through 
production and traceability throughout the 
industry-standard 20 to 25 year cell/module 
warranty period.  In “soft marking” a clearly 
visible mark is produced that is sufficiently 
shallow not to cause a noticeable decrease in 
the efficiency of the device. 

Patterning:
Unlike crystalline silicon cells, thin film 
devices are produced in large areas (typically 
1 square meter) and then subdivided into indi-
vidual cells which are electrically connected 
in series. This subdivision and connector 
patterning requires that the panel be scribed 
after each of the layers is deposited. For 
glass substrates, visible wavelength lasers 
can even scribe from the rear surface (through 
the glass).  

Edge (Border) Deletion
For thin film devices, Edge Deletion is analo-
gous to Edge Isolation of crystalline solar 
cells. Specifically, when the various layers 
are deposited on the substrate, the edges of 
each layer will not always terminate along the 
same line. This can lead to electrical shorts 
and other functional problems. Laser scribing 
through all the layers down to the substrate 
eliminates this problem.   

Laser Factors
For virtually all of the above processes, 
the laser of choice is a q-switched, diode 
pumped, solid state (DPSS) laser, such as the 
Coherent AVIA and PRISMA series products.  
The high quality transverse mode character-
istics of the DPSS laser delivers the spatial 
resolution required for demanding solar cell 
processing tasks, and their unique pulsing 
characteristics result in a minimal heat affect-
ed zone.  Furthermore, their ability to provide 
accurately controlled pulse energy results in 
very good depth control. Together, these fac-
tors maximize process utilization and yields.  

Currently, most processes utilize lasers with 
tens of watts of output at 1064 nm (at rep-
etition rates in the 30 kHz range) as such 
sources offer the highest power (and therefore 
the fastest throughput), and the most favour-

Lasers enable more efficient solar cell manufacture 

Finlay Colville

Figure 1: Schematic illustration of how material is 
removed by laser during edge isolation

Figure 2: Via drilled with a 532 nm DPSS laser
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able power to cost ratio. For example, in edge 
isolation, typical scribe rates of about 500 
mm/second can be achieved.  

However, solar cell producers are also looking 
at 532 nm and 355 nm DPSS lasers. Shorter 
wavelengths can yield smaller holes and 
reduce thermal damage still further, both of 
which increase cell efficiency. For example, 
edge isolation using 1064 nm lasers can cre-
ate micro-cracks emanating from the scribed 
groove.  If these cracks reach the edge of 
the wafer, structural integrity is potentially 
compromised; such considerations limits how 
close the trenches can be placed to the edge 
of the wafer. Shorter wavelength processing 
eliminates this problem.

The disadvantage of shorter wavelength 
DPSS lasers is that their lower output power 
levels can reduce throughput, but laser manu-

facturers are developing higher power prod-
ucts to address this. For example, Coherent 
recently introduced a new AVIA laser that 
delivers over 23 watts at 355 nm, making it 
the most powerful, all-solid-state UV laser 
currently available.  Another new AVIA offers 
over 38 W of output at 532 nm (at 120 kHz) 
with a pulsewidth of only 45 nsec.

Practical Considerations
Because the viability of solar energy tech-
nology is so dependent on production cost 
reduction, other significant factors favouring 
adoption of DPSS lasers are their excellent 
reliability and total cost of ownership. Again, 
laser manufacturers supplying the solar 
industry continue working to improve these 
through a combination of design innovations 
and advanced manufacturing techniques. For 
example, Coherent employs highly reliable 
AAA (aluminium-free active area) pump diode 

laser technology to achieve long operational 
lifetime, extended service intervals and maxi-
mum laser efficiency, thus minimizing produc-
tion downtime and total cost of ownership.  

In conclusion, laser processing has proven 
itself in other semiconductor applications 
because it has delivered lower production 
costs while enabling superior performance.  
As the photovoltaic industry focuses on these 
same goals, it’s not surprising that they are 
turning to lasers, and indeed the same all-
solid-state lasers, that have been so effective 
for other electronics products.

Finlay Colville is at Coherent (UK) St Thomas’ Place
Cambridgeshire Business Park  Ely  CB7 4EX

Contact:
E: Finlay.Colville@coherent.com

All electronic devices give out a range of low-
level electromagnetic radiation in the form 
of electromagnetic fields (EMF). Every new 
electronic device sold must carry a CE mark, 
a declaration by the manufacturer that the 
product satisfies all the relevant European 
Directives, including that the EMF radiation is 
at a safe, low level. 

In April 2004 a new directive came into force 
setting safe levels of EMF radiation in the 
workplace. The directive sets out a duty of 
care on employers, which becomes part of 
UK law in April 2008. Under it, all managers 
must ensure that their employees are working 
in a compliant environment*. 

Field sensors (or probes) provide a cost effec-
tive means of detecting EMF, but antennas 
and spectrum analysers are required to deter-
mine its wavelength, allowing a clear picture 
to be built up of where the highest levels of 
radiation and pinpointing the sources.

It is implicit in the requirements of the 
Directive that the measuring equipment used 
in any safety assessment is calibrated and 
that the measurement inaccuracies or uncer-
tainties are taken into account. NPL has a 
long history of calibrating field probes and 
antenna used in the testing of EMF radia-
tion and has built up significant expertise in 
this area. NPL’s facilities cover the frequency 
range required for the core of the Directive.

For more information on the calibration of EMF 
Probes, contact Ken Holland
E: ken.holland@npl.co.uk,  
T: +44 (0)20 8943 6418

Spend less time writing up your risk assess-
ments, and put more effort into implementing 
practical measures was the general message 
in August* from the Deputy Chief Executive of 
the Heath and Safety Executive. 

HSE was prompted to issue this statement 
out of concern over red tape for business 
and that risk assessments are being used 
as a bureaucratic back-covering exercise. 
Although it is refreshing to hear that greater 
emphasis is being placed on making sure that 
decisions are actually put in place, there are 
several important realities to be aware of:

• Legislation, codes of practice and case 
law dictate the play on what is required, 
and these can sometimes get very 
detailed in terms of risk assessment.   

• Experience demonstrates that HSE and 
Local Authority Inspectors will issue 
improvement notices and/or prosecute 
organisations for inadequate written risk 
assessments.

• The level and detail of documented evi-
dence required to successfully defend 
a civil claim has forced employers to 
dot the “i”s & cross the “t”s to limit their 
health, safety and financial liabilities. 

• Meaningful decisions about risk control 
measures can sometimes only be arrived 
at through proper analysis of the risks 
involved.

• Voluntarily adopted safety management 
systems such as BS8800 and OHSAS 
18001 contain additional requirements 
for risk assessment, often involving sys-
tematic and lengthy risk evaluation and 
risk management approaches, including 

formal reviews and re-rating of risks after 
incidents - all of which is externally certi-
fied. Ironically both documents are based 
on the HSE’s original guide to health and 
safety management HSG65. 

Risk Assessment Examples 
HSE’s new Risk Management web page con-
tains examples of risk assessments for differ-
ent environments. There are sample assess-
ments for: an office; motor vehicle repair 
workshop; a warehouse; and bricklaying. 

While it’s a step forward to have these sam-
ple benchmark assessments available, it’s a 
good job they’re not for real, as they would 
breach the COSHH, manual handling and 
display screen equipment regulations, requir-
ing additional detail. In addition, HSE have 
made hand-arm vibration a big issue in motor 
vehicle repair lately, especially from the use of 
orbital sanders and nut runners, but there’s no 
mention of HAVS in the example assessment!

Follow the link and decide for yourself:  
http://www.hse.gov.uk/risk/index.htm 

This piece was taken from the August 2007 
issue of WG Risk Briefing, a free service pro-
vided by WG Risk Management Services Ltd, 
a UK-based Health and Safety management 
consultancy. 

Contact: Rob Wright  
E: wright.r@tiscali.co.uk 
T: +44 (0)7832 228661,

The information above is intended to provide a quick 
digest of current affairs for those who are actively 
involved, or have an interest in occupational health, 
safety and environmental issues. It does not set out 
to be an absolute and authoritative guide on legal 
and other issues. 

HSE approach to risk assessment

* The press release can be found at:  
  http://www.hse.gov.uk/press/2006/e06074.htm

Safe radiation

* Further information on the implementation and 
impact of the Directive can be found at  
www.hse.gov.uk/radiation/nonionising/issues.htm 
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It is commonly supposed that the laser is the 
major hazard presented by a laser machine; 
some even think that it is only hazard! This 
is consistent with the fact that whereas 
there have been very few serious laser beam 
injuries in industry, there have been a good 
number of accidents caused by the fire, fume 
and mechanical hazards presented by laser 
machines, some of them very serious.  

All machinery put into service within the 
EU is required to conform to the Machinery 
Directive; 2006/42 being the latest version. 
The Machinery Directive is supported by a 
type-A standard EN ISO 12100 series that 
sets out the basic concepts and general 
aspects applicable to all machines, making 
them safe for their intended use over their 
lifecycle. 

EN ISO 12100 Part 1 defines the terms used.  
These include hazards generated by laser 
radiation, whose effects can be immediate 
(e.g. burns) or long-term (lung damage from 
laser generated fume) plus all other hazards 
relevant to machinery. Part 2 of the standard 
gives general guidance on the selection of 
protective measures.  

The general approach
All hazards presented by a machine will 
sooner or later lead to harm unless protective 
measures are taken; ideally, such measures 
should be included at the design stage. 

The standard requires that the designer take 
the following actions in order:

• Specify the limits and intended use of 
the machinery;

• Identify the hazards;
• Estimate the risk for each hazard;
• Evaluate the risk and apply risk reduc-

tions if required;
• Eliminate the hazard or reduce the risk 

by using protective measures.

The objective is to achieve the greatest risk 
reduction taking into account:

• The several phases of of the machine 
lifecycle. This includes:
o Installation and commissioning;
o Operational use;
o Maintenance;
o Service;
o Decommissioning;

• The ability of the machine to perform its 
function;

• The usability of the machine;

• The manufacturing and operational costs
• The experience of the user.

To meet some of these requirements the pro-
tective measures taken may include guards 
but of equal importance are the safety-related 
aspects of machine control and intended 
method of operation. 

Selection of appropriate measures
Part 2 of EN ISO 12100 gives general guid-
ance on the selection of protective measures.  
For example, a fixed guard is simple and 
should be used where access to the danger 
zone is not required during normal operation; 
however, if frequent access is required a mov-
able interlocking guard may be a better choice. 

A combination of safeguards is often required. 
The standard gives excellent advice covering 
a wide number of situations, including where 
the Service Engineer may have to remove or 
displace the safeguards in order to complete 
the work. The machine design needs to take 
into account ALL tasks that may be required 
to install and keep the machine in operation.

Risk assessment
Risk assessment is the key to the design of 
safeguards. The steps involved are are uni-
versal and are addressed in EN 1050 (ISO 
14121). The process of reduction of risk to 
tolerable levels is iterative and there is no 
standard documented approach. However, for 
a laser machine we would expect the assess-
ment to take into account the following:

Process
The nature of the process (cutting, welding, 
marking etc.) is important. The machine may 
be dedicated or offer several processes.

Process control
One aspect of particular relevance is the time 
which the guards may be exposed to laser 
beams under fault conditions.

Operator intervention
Considerations include: provision for manual 
control; effectiveness of process observa-
tion (location of viewing windows, cameras 
etc); accessibility and effectiveness of service 
intervention if a fault becoming evident.

Robot operation
Considerations include: the range of robot 
movements; impact protection for the robot 
head and general protection of power source 
lines; software, hardware and physical limits 
to robot head movement and direction; clos-
est approach to machine boundaries.

Work piece
The geometry, composition and surface finish 
of the work piece.

Clamping and fixturing
The holding and positioning of the work piece.

Loading and unloading
Considerations of manual or automatic work 
piece introduction and removal include: single 
piece or continuous; method and control of 
access to the process zone.

Features of the laser process zone
Relevant features include laser power and 
wavelength, focal length of optics, number of 
axes of the beam delivery movement.

Beam delivery
Considerations include: free space or fibre; 
inspection, positioning, structural integrity; 
and maintenance of condition of beam path 
components; beam alignment; on-line errant 
and non-errant beam monitoring; beam deliv-
ery enclosure.

Location of workers
Considerations include (for open topped 
machines): minimum distance of approach; 
overhead work; steps and ladders.

Maintenance and service provision
Consideration include access for maintenance 
(e.g. removable panels, key control) and pro-
vision of interlock overrides and E-stops.

Conclusion
Safety-related controls for laser installa-
tions, particularly industrial laser processing 
machines, need to deal with much more than 
the protective requirements for laser radiation. 
There will generally be other hazards that the 
equipment designer is required to take into 
account. There are a number of relevant and 
extremely useful standards (most of which 
are referenced in EN ISO 12100) to aid the 
design. 

When the Machinery Directive was first intro-
duced into the UK in the early 1990’s, there 
was considerable reticence among machine 
designers to review their designs in the light 
of the “new” requirements. However, It soon 
became apparent that they were extremely 
sensible and all machine design has since 
improved significantly. However, over a dec-
ade after the introduction of the Machinery 
Directive there are still designers who have 
not set foot on the path of enlightenment. 

Mike Barrett is with Pro Laser

Contact:
E: mikeb@prolaser.co.uk

Laser machines: taking care of all the hazards

Mike Barrett
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International Standards Committee IEC/
TC76 for Optical Radiation Safety and 
Laser Equipment met this year (2007) for 
its annual meeting of Working Groups. The 
event brought together 73 laser safety experts 
from 10 countries around the world. Such 
meetings are vitally important for making 
progress on standards and establishing a 
concensus approach to laser safety world-
wide. Attendees comprise representatives of 
laser manufacturers and user groups, safety 
enforcement professionals and laser safety 
consultants. .

The International Technical Committee is 
made up of eight working groups (WGs) each 
responsible for some aspects of optical radia-
tion safety. Below is a brief review of the work 
of each WG and the achievements of the 
Milan meeting.

WG1 - optical radiation safety
The work of this group has resulted in the 
revised publication of the prime laser safety 
standard IEC60825-1 Edition 2 in 2007. A 
corrigendum is planned to correct typographi-
cal errors and provide an interpretation sheet. 

WG3 - laser radiation measurement
This group reviewed the standard IEC 60825-
13 'Measurements for classification of laser 
products', in the light of the changes within 
IEC 60825-1:2007. It is also working on 
measurement methods for scanning beams.

WG4 - medical laser equipment
This group reviewing national comments rel-
evant to drafting the standard IEC 60602-2-57 

'Particular requirements for the safety and 
essential performance of intense light sources 
used on humans and animals for medical and 
cosmetic purposes'. The scope of the draft 
for IEC TR 60825-16 'Guidance for the safe 
use of intense (pulsed) light source equip-
ment' now includes all light sources intended 
to cause photobiological changes.

WG5 - fibre optical communications systems
A revision of the standard IEC 60825-2 
'Safety of optical fibre communication sys-
tems' is to be produced to take into account 
the changes in the measurement conditions 
for classification of laser systems. IEC 60825-
12 'Safety of free space optical communica-
tion systems used for transmission of infor-
mation' will similarly be amended 

WG7 - high power lasers
The group reviewed the draft for an Annex 
G to IEC 60825-4 'Laser guards', adding 
requirements for various types of industrial 
laser beam delivery systems including optical 
fibres. 

WG8 - miscellaneous standards
The WG decided to withdraw IEC 60825-10 
'Application guidelines and explanatory notes 
to IEC 60825-1' and agreed to revise the 
standard IEC60825-5 'Manufacturer’s check-
list' to bring it in line following the changes to 
IEC 60825-1:2007  Work will begin to update 
IEC 60825-14 'User’s guide'. 

A considerable amount of time was devoted 
to the vexing topic of label simplification. An 
initiative to at least consider simplification of 

labels for the lower, low-risk classes is pro-
gressing.

WG9 -Safety guidance for non-laser optical 
radiation from artificial sources 
Amendments were discussed to standard IEC 
62471 (CIE S009) 'Photobiological safety of 
lamps and lamp systems'.  The resulting draft 
document will be submitted for parallel voting 
by IEC and CEI.  IEC TR 60825-15 'Guidance 
to IEC Technical Committees for product 
manufacturing requirements for non-laser 
optical radiation safety' is progressing to a 
second Committee Draft (CD). 

WG10 - standards for laser processing 
machines (with ISO/TC172/SC9/WG3)
A draft standard to define the requirements 
for acoustic noise has been prepared. It 
will meet the requirements of the European 
Union’s Physical Agents (Noise) Directive 
(Directive 2003/10/EC) and will promote the 
reduction of exposure to acoustic noise asso-
ciated with laser processing machines.

The overall work of IEC/TC76 continues and 
the Technical Committee anticipates meeting 
again in November of 2008 in Beijing, China. 

Mike Barrett     Pro Laser

Contact:
E: mikeb@prolaser.co.uk

IEC/TC76 in Milan

In addition to their optical properties a lens 
or window is sometimes used as the port 
between a vacuum or pressure chamber, 
where it must withstand a pressure loading. 
Considerations of cost of infrared optics, as 
well as potential safety issues, it’s important 
that the optic be capable of withstanding the 
loading but not to overspecify thickness and 
thereby reduce optical transmission and add 
unnecessary cost.

The following equations can be used to cal-
culate thickness (in inches) for an optic under 
pressure assuming that it is unclamped and 
supported by a flat flange around its edge:

In these equations the units of length (i.e. r, 
X, Y) are in inches, the pressure difference 
across the optic P and rupture modulus M are 
in psi. S is a safety factor to accommodate 
other variables* that may affect the required 
thickness. A value of S = 4 is usually recom-
mended. The manufacturer will provide the 
rupture modulus M for the optic material.

The information was provided by II-VI Inc. It 
and other useful information can be found on 
the II-VI web site at: 
http://www.iiviinfrared.com/tutorials

UK Contact: Gareth Rowles
E: Gareth@ii-vi.co.uk

* These include: Mounting flange size; Stress 
resulting from mounting or sealing; Flange clamp-
ing stresses; Mounting flange flatness; Stress due 
to thermal expansion; Vibration effects; Pressure 
cycling or surges; Thermal shock/cycling; Mounting 
surface rigidity; Mounting surface roughness; Optic 
edge roughness; desired optical specifications. 

Filtration unit fire

According to a report in the Reedsburg Times 
on 6 December 2007, a filtration device caught 
fire on a laser cutting machine at Seats Inc. 
The laser machine was used to cut sheets of 
steel, which are divided by sheets of paper. 
One of the sheets of paper stuck to the steel 
and ignited when the laser hit it. The burning 
paper was then drawn into the filtration device 
where eight to 10 filters caught fire.

Thanks to Martin Sharp (LLEC) for spotting this.

Fire crews extinguish a filtration device

C
ourtesy R

eedsburg Tim
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How thick does my lens/window need to be?

€ 

1.1PSr
M

2

€ 

SPX 2Y 2

M X 2 +Y 2( )

minimum thickness 
for a circular window 
radius r

minimum thickness 
for a rectangular 
window, X by Y
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Flashlamp-pumped Nd:YAG lasers 
for fine machining

Martin Sharp

Outside of ‘bread and butter’ steel sheet and 
tube cutting, it is timely for Martin to reopen 
the discussion of what laser technology is best 
suited to which purpose.  A number of old 
favourites have disappeared from the scene, 
mainly as a result of high manufacturing cost, 
poor reliability or obsolescence in the face of 
newer laser materials.  New laser configura-
tions deliver impressive technical specifica-
tions. However, it is not clear what we have 
lost and what we have gained in terms of 
process capability and economics.

Collaborative work is probably needed to pro-
duce a fair, balanced and well-informed com-
parison of the competing laser technologies in 
the main manufacturing processes now that 
there are so many choices and, possibly, few 
institutions with expertise in the broad sweep 
of the available machines.

As regards the declining need for ‘all purpose’ 
solid-state laser machines, this should not 
come as a surprise. Even in the job-shop, 
there is now sufficient volume to occupy 
machines dedicated to a process, so it is only 
in a few environments that there is a need for 
lasers or machines that can perform a wide 
range of unlike processes. The unfortunate 
downside, however, is that this does not facili-
tate the development of new laser processes.
Tim Weedon

This useful article by Martin paints a good 
overview for the reader of the merits of pulsed 
YAG lasers for cutting and drilling, particularly 
as an introduction to the historical develop-
ment of the subject for the non-specialist laser 
applications engineer. It highlights the excel-
lent quality results that can be achieved on 
real commercial parts, and why the sources 
continue to be widely used. Perhaps the editor 
might ask Martin to present a follow-up piece 
for a future edition of the Magazine covering 
YAG sources with pulses less than ~ 0.1ms? 
The 'gap' between Q-switch pulses (typically ~ 
1us or less) and ~0.1ms for cutting and drilling 
seems to me to offer good potential opportuni-
ties for applications engineers'.    
Clive Ireland  AOT

I would like to add a couple of points to the 
discussion. The first is that flash lamp-pumped 
YAG lasers still retain a unique advantage over 
the newer competing technologies - namely 
pulse energy. No other commercial laser archi-
tecture, to my knowledge, can achieve gain 
switched pulse energies of anything like the 
magnitude of 50J. Such pulse energies com-
bined with relatively long pulse durations give 
FPSSL compelling advantages in melt based 
applications. The two that spring to mind are 
aerospace scale hole drilling and spot welding 

- where volume of material removal and fit up 
tolerance favour higher M2, high pulse energy, 
melt processing. 

The other point is that a melt based laser proc-
ess requires much less energy than a vapori-
sation based process, or even a plasma. Thus 
for some applications in drilling or machining 
metals, if the end user can achieve sufficient 
quality with an FPSSL system, then moving 
to a Q-switched or even ultrafast solution, will 
likely prove less cost effective in production. 

So whilst I believe that FPSSL will loose ground 
to DPSS and fibre lasers in areas such as fine 
cutting, micro-welding, machining and marking. 
I agree with Martin that long pulsed YAG lasers 
will be around for a good while to come. 
Matt Henry  Powerlase

Linear motor-based precision posi-
tioning systems

Cliff Jolliffe
This excellent review of the capabilities of 
modern linear motor systems produced by a 
well respected company usefully highlights 
several points that need to be addressed by 
system builders if the precision paid for is to 
be achieved in practice. Firstly the linear motor 
and bearing subsystem need to be mounted 
on accurate datum surfaces if accuracy is 
to be maintained. Secondly the importance 
designing in cable management at the start 
may seem obvious but can easily be over-
looked.

The reference to the use of laser interferometer 
feedback to minimise Abbe errors and max-
imise accuracy together with the use of error 
correction tables in the controller both struck a 
chord. Back in 65 we used a laser interferom-
eter to calibrate ball-screw grinding machines. 
The error table consisted of carefully filed steel 
plates used to rotate the machine’s ball-nut 
to compensate for the machine’s measured 
errors. We were thus able to generate ball-
screws up to 5 meters long that were more 
accurate than the screw that produced them.

The “Linear Motors Application Guide”, from 
Aerotech’s website, is excellent and has a use-
ful worked example. As it says consider linear 
motor drives for anything but heavy loads and 
vertical applications. But, excellent and sexy 
as these products are, never buy more capa-
bility than you really need!
J. Peter Hancocks   University of Warwick

This is a very informative article which starts 
with some basics and concludes with some 
of the finer points on cable management.  An 
understanding of the possibilities and limita-
tions of positioning systems is important to 
most industrial laser users and this article will 
help guide them through the options when 

specifying a new motion system.  A follow-up 
article focusing on how to optimize an existing 
system in terms of tuning, load etc for cer-
tain types of performance eg highly dynamic 
operations could be of interest to a number of 
readers.
Martyn Knowles     Oxford Lasers

An integrated approach to laser 
machine tool fabrication 

David Toebaert

It is refreshing to find all the optical compo-
nents of a laser system for industrial applica-
tions nicely mounted, aligned and protected 
inside the laser enclosure. This should ease 
the task of most system builders when attach-
ing the beam source to their flying optics sys-
tem. However, it may require a beam expand-
ing telescope (aka. collimator) that can deliver 
a beam with a diameter greater than the 
standard equipment. This depends on both 
the optical movement range of the system and 
the tolerance of the process to small changes 
in the size and quality of the MTP.

The main task of the final system integrator is 
to adjust the waist of the output beam to be 
located in the middle Z of the optical move-
ment range. This is where you have to be 
careful. There are two positions of the beam 
expander elements that can locate the waist 
where you want it – but you will want the posi-
tion giving you the largest waist diameter.

The paper has emphasised the need for 
symmetry in the gas discharge and optical 
elements. This they have certainly achieved. 
Nevertheless, the beam folding mirrors in the 
resonator cavity will dictate the orientation 
of the transverse optical axes because their 
reflectivity differs for the orthogonal planes 
of polarisation. This ensures that the output 
beam from the resonator will be linearly polar-
ised. The phase retarder is introduced into 
the output beam at the appropriate angle of 
incidence to ensure circular polarisation of the 
final output beam and an omnidirectional cut-
ting capability of the flying optics manipulator.

One final point. Thermal distortion in the reso-
nator output coupler is discussed. This effect 
will also occur in the elements of the beam 
expander and perhaps the phase plate. The 
distortions will probably introduce non-spheri-
cal effects in the beam and whose strength will 
be a delayed function of changes in the beam 
power. This, together with a long variable path 
length, mitigates in favour of a large output 
beam diameter. The real skill of the system 
integrator lies in selecting the clear aperture 
of the beam path in the flying optics system . 

OBSERVATIONS
Short comments on papers in this issue
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Too small and you have variable performance 
over the cutting area. Too large and you have 
expensive optics and mounting systems along 
the moving axes which means weight and 
more sluggish performance.
Brooke Ward    Europtics Partnership

This article briefly identifies the key parameters 
that must be controlled in order for a laser cut-
ting machine to achieve the high performance 
now expected from these systems. 

In terms of the design of the laser itself, the 
three key factors indicated have long been 
known and all CO2 laser manufacturers have 
homed in on the necessary mechanical design 
required to achieve a stable laser source, one 
of the key requirements for a reliable machine. 

I like the idea of the integrated design of the 
laser and optical beam path, and the use of 
focusing lens displacement to compensate for 
focal point movement. It appears a fairly sim-
ple solution.  

In my experience it is not just a case of main-
taining focal position on the surface of the 
workpiece. The focal spot size itself may vary 
as the beam diameter at the focusing lens 
changes; and, particularly for thick section cut-
ting, deliberately setting the position of beam 
focus to be away from the workpiece surface 
is an important consideration.

It would have been useful to have further 
description of this end of the system. But the 
article is a timely reminder of the importance of 
machine design.
Martin Sharp    
Lairdside Laser Engineering Centre

Firstly I have to complement David on an 
extremely well produced article, as a fellow per-
son working in the manufacture and supply of 
laser machines it made a very interesting read.

Of course the approach of each machine 
manufacturer will differ in detail, however this 
should not distract from the overall point being 
made that the machine must be considered 
and designed as a single unit, not a collection 
of individual components. I agree that only this 
way can the full benefits of laser technology be 
realised and hence optimum productivity, qual-
ity and reliability achieved. 

I would like to add, in addition to the compo-
nents mentioned in the article, the importance 
of efficient interfacing and fast software com-
munication between each machine element 
as also being key factors. These components, 
whilst not so obviously seen, have a serious 
impact on machine performance. Also away 
from the machine there is the need for easy 
to use, yet powerful, offline programming 

software. This should also be developed as 
a machine component since it is integral to the 
overall solution for the end user.
Gerry Jones   Trumpf 

Advances in laser micro-welding of 
polymers

Andrei Boglea et al

This paper provides a good illustration of a low 
power single mode fibre laser application for 
TWIST micro-welding of polymers. It would be 
useful to see a comparison with normal linear 
welding using the same laser. 

The potential of fibre lasers for high speed 
materials processing is yet to be fully explored. 
This application is a useful step in the utilisa-
tion of the new laser source. 
Lin Li    University of Manchester 

The article by Andrei Boglea makes very inter-
esting reading.  The idea of the TWIST irradia-
tion strategy reminds me of the technique 
used in laser marking to get wide marks on 
materials with a small spot using oscillation 
of the beam (controlled by the galvo) – this 
is used, for example, to get the bold text on 
cattle ear tags (which you want to read from a 
distance!).  I also used this technique several 
years ago with a CO2 laser+galvo controlled 
by LaserCAD software to perform plastic weld-
ing - making a wide weld seam (2mm) using a 
small focus spot (300 microns) and the “wob-
ble” feature when joining 2 sheets of polymer 
approximately 0.6 mm thick.  The idea pro-
duced some great samples but didn’t go any 
further than that.

I believe the ultimate choice for micro polymer 
welding is more likely to be a diode laser with 
fibre optic beam delivery rather than a fiber 
or disk laser.  It is already possible to get a 
100W diode laser with a 200 micron fibre offer-
ing a top-hat beam profile (which therefore 
doesn’t need to be TWISTed) – future technol-
ogy developments are likely to enable higher 
powers in smaller fibres with new advances 
in micro-peltier cooling etc.  Where a smaller 
spot size is needed a CW YAG (without Q-
switch) can offer a 100 micron spot over a 
reasonable galvo field.

Nonetheless I believe there could still be a 
niche for welding with high brightness lasers 
(as with the fiber laser) and perhaps the area 
of microfluidics is where this technique is most 
applicable.
Dave Maclellan   Rofin Baasel UK

The article adds some useful information to the 
body of work on microjoining of plastics using 
lasers. As described, there is increasing need 
for plastics welding at a small scale for com-
plex electronic packaging applications, micro-

fluidic and small moulded medical devices or 
micro-mechanical devices. Micro-moulding 
now allows features as small as 20microns in 
width. Added to this, there are not many join-
ing methods currently available to manufactur-
ers of these devices. The main methods used, 
ultrasonic welding and adhesive bonding, have 
some limitations. Laser welding therefore offers 
an excellent facility to manufacturers of micro-
components, allowing them to accurately 
control the heat input and the location of the 
heating, and hence to make successful leak-
tight welds at high production rates.

This article highlights the need to apply the 
correct processing conditions when welding 
plastics, and the increased problems of doing 
this with a high intensity energy source over 
small scale joints. Overheating of the plastics 
is a danger and yet enough energy has to be 
applied to enable the weld to reach comple-
tion. The use of local beam scanning (beam 
wobble) is described to spread the heating 
over a greater area and a useful ‘rule-of-thumb’ 
is introduced to assist the user in setting the 
most suitable scanning parameters. The tests 
described show that the process appears to be 
effective for weld widths down to approximately 
double the width of the focused spot size 
(120 μm weld width is shown). 

It would be interesting to extend this work 
to measure and compare the weld strength 
for different processing conditions including 
use of the process without beam wobble, to 
look at even smaller focused spot sizes, to 
examine the welds in cross-section, and to 
look at laser absorbers other than carbon 
so that the components do not have to be 
partially black.
Ian Jones    TWI

A cutting edge solution... the fibre 
laser way?

Paul Hilton and Pak Chong

A very interesting article with some impressive 
results - I look forward to future news. It would 
be interesting to see some direct cut quality 
and cut price per metre comparisons with CO2 
lasers. Is 100,000 hours a reasonable lifetime 
for a fully operational diode laser?
John Powell     Laser Expertise 

Laser micro-drilling and contour 
cutting of glass

David Ashkenasi and Manuella 
Schwagmeier

The article on the application of ns pulses 
to glass cutting was very informative. The 
throughput realized by the process is quite 
high, especially for certain Borosilicates and 
adds an extra application for existing laser 
sources.

OBSERVATIONS

continued ...
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Job Shop 2008

This years annual job shop meet-
ing on 26 September at the 
Techno Centre, Coventry was 

one of the most successful yet in terms 
both of business topics discussed and 
number of attendees. 

Sixty-one delegates heard a wide range 
of business topics discussed, including 
energy costs (Martin Tiney, The Energy 
Brokers), leasing and other capital funding 
options (Paul Mahoney, Barclays Bank), 
credit protection (Matthew Green, Credit 
and Business Finance; and Peter Uwins, 
The Credit Protection Association) and 
steel pricing (Kevin Napier, Steel Business 
Briefing). Then, after lunch and an exhibi-
tion, a wide ranging on innovative devel-
opments in laser cutting (Johannes Ulrich, 
Finn-Power Oy, Finland) was followed by 
a series of brief 'innovations' presentations 
(Trumpf update by Gerry Jones; Prima update 
by Paul Downs; Sahajanand fibre laser cutting 
machine by Arvind Patel and Shaunak Dave; 
Jenoptik plastic cutting & welding equipment 
by Birk Plönnigs; SPI’s new marking laser 
by Louise Partridge; Nitto's new underside 
protective coating during laser cutting by 
Erwin Tomsin; and New MSS nitrogen gen-
erators by Neil Carlos Gonzalez-Lee), a clinic 
(open forum) on gas handling (with BOC, Air 
Products and MSS representatives) and an 
overview of last year's job shop surveys 

Johannes Ulrich (Finn-Power) reviewed the 
sheet metal working  business in Scandinavia, 
pointing out that like all industries the job 
shop sector was having to respond to global 
trends. "From the 1980s a vigorous devel-
opment of subcontracting took place in 
Scandinavia as end product manufacturers 
re-shaped their production strategies and 
new companies chose to out-source sheet 
metal components. Today’s subcontractors 
are increasingly producing short batches of 
components on a JIT basis" he said. 

"To make a living in a high-cost environ-
ment the Scandinavian subcontractor has 
had to place increasing reliance on flexibility 
and automation. The good news is that laser 
automation and the new advancements in 
high dynamic laser cutting combined with 
enhanced accuracy in laser processing prom-
ises less per-part cost production than ever 
before, with less set up and higher throughput.

"A third key issue that will clearly become 
more important relates to environmental fac-
tors, making energy efficient technology ever 
more attractive," said Ulrich.

Within the 'innovations' session AILU new-
comer Jenoptik described their product capa-
bilities. "With almost 200 installed systems 
worldwide we are a world-leader in laser 
cutting, welding and perforating of plastic 
and composite materials. Over the last 10 
years we have developed a deep knowledge 
for how to work with a wide range of plastic 
materials and to provide the best solution for 
our customers," concluded Birk Plönnigs. 

A key job shop business issue is credit pro-
tection. There were two presentations; one of 
which is summarised opposite. Steel prices 
are of great interest to laser job shops (see 
figure above) and so too is the high cost of 
electricity. On this latter topic, Martin Tiney 
described the work of Energy Brokers Ltd, 
and how they currently negotiate contracts 
for 8TWh of electricity per annum on behalf of 
their clients.

Our thanks go to the job shop committee 
for organising the workshop and providing 
an excellent venue, good presentations on a 
wide range of business and technical topics 
and plenty of opportunity for job shop mem-
bers to network. There is no event available 
anywhere that offers such benefits to laser 
job shops and we look forward to seeing even 
more job shops at next year's event.

As the authors rightly point out the ability 
to reduce the lateral penetration of sidewall 
cracks can lead to very strong glass that 
can support excessive loading and flexion. 
However it appears from the results shown in 
the present paper that sidewall chipping is still 
an issue with the MOPA process which may 
impede its uptake. It is interesting that the 
same issue arises when 355nm DPSS lasers 
are used to cut silicon wafers and this has 
been one of the major obstacles to its wide-
spread uptake. The combined laser machining 
and stress-induced cracking process devel-
oped by H2B Photonics is an interesting take 
on laser machining and although unsuitable 
for contour cutting, would make an interesting 
comparison to the LIPAA process.

When machining glass and other non-absorb-
ing materials with a laser it appears that high 
pulse energy pico or femto second lasers are 
the systems of choice. However the price and 
throughput of these lasers make them unsuit-
able for all but the highest value jobs. 

Following a recent enquiry to Blueacre 
Technology I looked at the feasibility of using 
a laser to cut an array of millimetre-size holes 
in quartz. I found that the most cost effective 
and highest quality means of machining the 
features was with an ultrasonic drill. Over 400 
holes could be drilled in a 1 mm thick 4” wafer 
for less than $100. Unfortunately this is the tar-
get that the laser community needs to aim for 
with regard to contour glass cutting and we are 
still some way off.
David Gillen    Blueacre Technology

It has been known for some time that, some-
what surprisingly, transparent materials can 
still be machined if exposed to sufficiently 
high intensities of laser light, even with ‘long’ 
pulse lasers. This article summarises some of 
that knowledge and presents an informative 
comparison of the cutting of different cutting 
materials. Glasses are finding ever wider uses 
in emerging applications and the cutting and 
profiling of thin samples is a particularly impor-
tant issue which is nicely explored and dem-
onstrated with impressive results. The plasma-
assisted cutting of very thick samples seems 
an interesting process and although figure 7 
shows the results, the precise detail of how to 
cut very thick samples is only hinted at and 
left tantalisingly open. Maybe the authors can 
provide some more details of this process? 
Overall this is the type of article that we can 
do with more of in the Laser User – succinct, 
practical and with enough processing informa-
tion (at least for the thin cutting) to make the 
results meaningful.  

Nadeem Rizvi   Laser Micromachining Ltd

Back row (l to r) Matthew Green (Credit & Business Finance), 
Shaunak Dave (Sahajanand Laser), Paul Downs (Prima UK), Kevin 
Napier (Steel Business Briefing), John Powell (Laser Expertise), 
Johannes Ulrich (Finn-Power Oy, Finland), Peter Uwins (Credit 
Protection Assn), Erwin Tomsin (Nitto), Neil Jackson (MSS) Gerry 
Jones (Trumpf). Front row (l to r) Martin Tiney (The Energy Brokers), 
Birk Ploennigs (Jenoptic), Gina Selfe (Barclays Bank), Neil Main 
(Chair, Micrometric), Arvind Patel (Sahajanand Laser). Not present 
for the photo: Paul Mahoney (Barclays Bank), Carlos Gonzalez-Lee 
(MSS)

A slide from the Kevin Napier's presentation on steel 
pricing, underlining how difficult it is to predict future costs  

Observations (continued)
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Consider this: The interest cost of waiting for 
slow payment can be bigger than bad debt 
losses! At first glance it seems unlikely but for 
the vast majority of companies that offer on 
monthly accounts it’s true! 

For example, if credit sales were running 
at just £10,000 per month, it is likely that 
£15,000 worth is overdue at any one time. If 
this cash was available within the business, 
it should be possible to make 1% per month 
with it (reduced overdraft, early settlement 
of suppliers’ invoices, bulk purchases etc.) 
and this amounts to £150 per month – annual 
cost £1,800. If the net profit margin is 10% 
then this hidden cost eats the total profit 
from £18,000 of sales i.e. all the profit from 7 
weeks worth of credit sales! 

How to avoid problem payers:
• Make certain that you know exactly who 

you are dealing with BEFORE you deliver 
your service – if practical, use a Credit 
Application Form.

• Take a quality Credit Status report. This 
will tell you if they can pay and whether 
they have a history of paying on time! 

• Credit Protection Association Members 
can check the CPA Register of Company 
Debt Defaulters. 

• Make your payment terms very clear 
before the account is opened. 

• Have a set procedure for following-up 
overdue accounts and stick to it.

• Contact the customer as soon as the 
account becomes overdue.  

• Chase the big corporations too! 
• If accounts reach (say) 60 days overdue, 

put the account on “stop.”  
• Be prepared to issue legal proceedings if 

necessary.   
• Take advice and assistance from credit 

management experts.
• Run an efficient credit control system. It 

is highly cost-effective when compared 
to the loss of profit from slow payments 
and write-offs!

CPA Online Ltd provides, at your fingertips:.
• Corporate and non-corporate credit 

reports (with recommended credit limits)
• Daily debtor monitoring service 
• On-line address verification 
• Overdue account recovery system
• Credit management stationery
• Legal and debt advice
• Full debt litigation facility

Further details: www.cpa.co.uk 

Contact: Peter Uwins 
T: 0208 846 0000 

New Laser Cutting book
A new book 'The LIA guide to Laser Cutting' 
is due to be published by the Laser Institute 
of America in February 2008. ,Written by AILU 
committee member John Powell, it is an intro-
ductory guide to the subject which is suitable 
for training laser machine operators as well 
as anyone else involved in laser cutting. The 
style is conversational in tone - with no equa-
tions or complicated graphs. The hazards of 
poor quality cutting are explained with the aid 
of numerous photographs and the differences 
between the applications of CO2, YAG and 
Excimer lasers are discussed. 

 This book will be a valuable addition to the 
bookshelf of any jobshop manager or student 
supervisor and will be available directly from 
AILU from the end of February onwards. 

Slow Payers Monopolise Profit

LightHOUSE, the Centre for Applied 
Photonics at the National University of 
Ireland, Galway held its annual meeting on 
October 18th

The theme of the meeting was “Competitive 
Advantage through Photonics” and the 
event was a huge success, with over 65 
attendees registering, from over 30 compa-
nies. They were treated to fascinating and 
stiumulating talks from a range of speakers, 
on optics, laser nano-structuring, industrial 
research strategies and employee training 
programmes. Invited speakers included Steve 
Fantone of Optikos Corporation and Andreas 
Ostendorf of Laser Zentrum Hannover. The 
networking side of the meeting again an 
important element of the event, with both for-
mal and informal meetings being arranged to 
coincide with the meeting.

LightHOUSE was created two years ago as 
a combination of the activities of the univer-
sity's National Centre for Laser Applications 
(NCLA) and Applied Optics Group. It com-
prises approximately 45 researchers, of whom 
25 are research students, and has an annual 
funding of approximately €2.5M a year.

The NCLA was established in 1989 by Prof 
Tom Glynn, and its core expertise is in the 
area of laser material processing- an area in 
which the NCLA has developed an extensive 
technology transfer activity. There are over 
300 laser machining workstations in com-
panies in the Galway area alone, and many 
more in manufacturing industry throughout 
Ireland. Many of these companies depend 
on NCLA for product and process develop-
ment, consultancy and training.  The main 
industry sectors are medical devices, elec-
tronics and precision engineering, and in 

2006 the NCLA interacted with more than 
50 companies in these sectors. The Applied 
Optics Group was founded more recently, 
in 2002, through a five-year €6.2M grant 
from Science Foundation Ireland, which was 
recently renewed to 2012 at a similar funding 
level. It focuses on research in imaging and 
adaptive optics, covering a number of appli-
cation areas, particularly vision science.  In 
2006, the group interacted with more than 10 
companies.

LightFORUM is the industry outreach initia-
tive of LightHOUSE and has been busy host-
ing a number of training courses, seminars 
and round-table events for industry during 
the course of the year. LightHOUSE also 
has a research experience programme for 
undergraduates, which in the summer of 
2007 hosted 10 international students for an 
8-week period, providing not only research 
activities but also training modules in a range 
of relevant disciplines including IPR.

Contact: Tony Flaherty, NCLA
E: tony.flaherty@nuigalway.ie

Pictured at the meeting are (l to r): Tony Flaherty 
(LightHOUSE), Mike Devane (American Chamber Ireland), 
Nicholas Canny (Vice President for Research, NUI, 
Galway) and Pat Kelly (Commercialisation Executive, 
NUI, Galway)

Annual LightFORUM in Galway

Most gorgeous part?
AILU member Martin Bell (Orlin Technologies) 
provided the photo below of a laser engraved 
crystal block in response to the editor's 
request for examples of laser-manufactured 
components. 

The ghostly image 
of Martin's face 
was immortalised in 
3D using a 532nm 
SHG Nd:YAG laser 
during the ILOPE 
show in Beijing, the 
trip being organised 
in the UK by the 
Photonics Cluster as 
part of the Interprise 
LEAP programme.
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AILU’s first technology work-
shop addressing issues in the 
medical sector was held on the 

7th November 2007 at the National 
Metalforming Centre near Birmingham and 
was a great success with over 70 delegates 
at this one day event.

"Opportunities for laser-based manufacturing 
in the medical sector" included speakers from 
the UK, Germany, Switzerland and Ireland 
representing medical device manufacturers, 
research centres and laser equipment suppli-
ers, and a keynote presentation from a USA 
laser job shop specialising in medical device 
manufacture. The event was held under 
the auspices of the Photonics Knowledge 
Transfer Network (KTN) in partnership with the 
Health Technologies KTN. 

The day started with Mike Gill of Medilink NW 
setting the scene, explaining the importance 
of collaborating with end users and procure-
ment channels to provide products for large 
customers in the UK such as the NHS as well 
as the private sector.  

Moving onto laser technology Gerard 
O’Connor (NCLA, Galway) reviewed past, 
present and future applications for lasers in 
the medical device arena. The first signifi-
cant application of lasers was using Excimer 
lasers to make catheter tips, this technology 
resulted in further applications such as laser 
marking of pacemakers and laser welding and 
cutting of stents. "Product validation of laser-
manufactured products by the Food and Drug 
Administration (FDA) has opened laser tech-
nology to one of the larger, and more lucrative 
markets in the World," he said. 

With the market for medical technology com-
manding an estimated $180-260 billion, it is a 
hot topic for manufacturers keen to develop 
their business portfolio. "The market is domi-
nated by the USA, which makes up 43%, 
Europe (excluding Germany) makes up 20%, 
Germany 10% and Japan 11%," explained 
Alexander Knitsch of Trumpf GmbH in a pres-
entation on the German medical market. USA 
companies also dominate the market with the 
top four companies: Johnson and Johnson, 
General Electric, Medtronic and Baxter enjoy-
ing the highest turnovers in 2006.

Jonathan Magee of Rofin-Baasel UK Ltd 
(who is based in Galway) described the Irish 
medical market, its indigenous companies 
and many key American companies who 
have set up manufacturing facilities in Ireland. 
The presence of key medical companies has 
increased activity for laser job shops who 

specialise in the medical area. Expanding 
upon the advantage lasers offer when 
working at the micron-scale he stated, 
"A lot of these products couldn’t be 
made economically by any other means". 
Concentrating on welding he noted that 
manufacture is improved by lasers offer-
ing key advantages: variable spot size; 
minimal heat affected zone; high accura-
cy by use of pattern recognition system.

Neil Ball, CEO of Directed Light Inc, 
California USA, provided the keynote 
presentation describing his experience 
of how to be successful in the medical 
sector. "Protecting your IP and cus-
tomer confidentiality is vitally important," 
explained Neil. "I have seen companies that 
have been sued out of business and others 
that go out of business because customers 
no longer trust them." 

Directed Light offer a broad ranging service to 
many sectors.  They keep in touch with most 
of the new technologies for laser manufactur-
ing with Nd:YAG, one example is the use of 
fibre delivery for sealing titanium nanotubes 
for brachytherapy seeds used in cancer treat-
ment.  "Controlled laser power welds the end 
of the tubing so precisely that it is difficult to 
see what other process could be used at the 
precision required," said Neil. However, he 
cautioned against overselling lasers as the 
solution for every customer's needs: "It is 
important to know the applications in which 
your technology excels." 

Frank White of Stryker described how the 
Stryker Instruments division has concentrated 
on tissue cutting technologies since 1998 
and addresses powered surgical instruments, 
operating room equipment, navigation and 
interventional pain products.

Swiss Tec AG and eQuant3000 discussed the 
production of stents by microcutting fine tub-
ing. Swiss Tec, using SPI fibre lasers has one 
of the quickest and highest yield production 
lines installed at Eucatech GmbH. 

Alain Beirnaux of Lasag AG described pulsed 
laser welding of dissimilar materials in the 
medical devices industry. "The trends of join-
ing dissimilar metals and miniaturization of 
components offer big challenges for welding 
methods. However, modern pulsed Nd:YAG 
lasers and various welding strategies have 
overcome them", he said. 

Birk Ploennigs of Jenoptik described their 
plastic welding capabilities in the field of 
medical devices. Lasers offer the ability to 

weld plastic encapsulations without damag-
ing the enclosed electronics. The width of 
the weld seam can be varied in the range of 
between 0.2 mm and 5mm.

Peter Dickinson of Spectrum Technologies 
described how the technique of laser wire 
stripping is used in ultrasound equipment and 
heart pacemakers. "The process is particu-
larly suitable to automation," he said. "It is 
possible to strip multiple core wires quickly 
and remove windows of insulation."

Chris Ogden of Laser Lines, Banbury dis-
cussed the marking of Martenistic stainless 
steels and the need for careful control of laser 
parameters if metallurgical changes are to be 
avoided. Clear marking without affecting the 
integrity of materials is achievable for part 
identification, standards compliance, trace-
ability, brand appeal and instructive markings.

A discussion session at the end of the day 
led by the Chair, Martin Sharp, concluded 
that medical device manufacture in the UK 
should be a key area for development. This 
was borne out with the Technology Strategy 
Board's recent call for proposals for funding 
in the area of high value manufacturing, see 
www.technologyprogramme.org.uk.

A new medical special interest group was 
launched at the event and over 50 delegates 
signed up on the day (for more information, 
see news item on page 1).

Contact: Anna O'Neil
E: anna@ailu.org.uk

Interested in Medical Device Manufacture?

(l to r) Gunther Albrecht (eQuant3000), Frank White (Stryker), Gerard 
O'Connor (NCLA), Eduard Fassbind (Swiss Tec AG), Jonny Magee 
(Rofin-Baasel), Peter Dickinson (Spectrum Technologies), Alexander 
Knitsch (Trumpf GmbH), Martin Sharp (LLEC), Chris Ogden (Laser 
Lines), Birk Ploennigs (Jenoptik), Alain Biernaux (LASAG AG), Neil 
Ball (Directed Light Inc).  The speaker not present in the photo is 
Mike Gill (Medilink North West)

Pacemaker electrodes stripped by laser: (left) 1mm dia 
coil; (right) sub mm wire

200 µm
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EVENTS
FEBRUARY
20 AILU Workshop
 Welding and Cutting with 

Fibre Delivered Laser Beams
 TWI, Cambridge  

See inside back cover for details 
AILU members and invited guests 
only. Programme flyer to follow.  
CONTACT AILU NOW AND 
RESERVE YOUR PLACE!

MARCH
4 LASYS (4 - 6)
 Messe Stuttgart, Germany 

Exhibition of laser systems in 
industrial production 
See advert on this page

APRIL
16 PICALO  (16 - 18)
 Beijing, China  

http://www.laserinstitute.org 
See advert on this page

21 MACH  (21 - 25)
 http://www.mach2008.com  

E: mach@mta.org.uk

22 SUBCON  (22 - 25)
 NEC, Birmingham  

See advert on back cover

30 Step into the light
 Lasers in Emerging Energy 

Markets  
http://www.miwl.org.uk 
E: miwl@twi.co.uk

Further ahead ...

AUGUST

26 Photon 08  (26 - 29)
 Herriot-Watt University  

http://www.photon.org.uk 
Now open for abstract submission

 

For further information on these and other 
events go to 'events' on the AILU web site

EVENTS

ICALEO 2007 breaks record in Orlando

The Laser Institute of America’s ICALEO® 
conference proved to be successful once 
again this year with record-breaking attend-
ance from laser professionals throughout 
the world. The event took place 29 October 
– 1 November, 2007 at the Hilton in the Walt 
Disney World Resort in Orlando, Florida.

ICALEO® 2007 set an all time record for 
attendance with 566 total participants, the 
most in its 25-year history. Laser profession-
als from 37 US states and over 27 foreign 
countries came to see 234 presentations 
including scientific papers, short courses, and 
panel discussions. The Laser Industry Vendor 
Reception at ICALEO® included 66 exhibitors 
and 19 sponsors.

Returning to ICALEO® were conferences 
on Laser Microprocessing and Materials 
Processing, the Laser Solutions Short 
Courses, the Student Paper Award, the Poster 
Presentation Gallery, and the Schawlow 
Award Luncheon. A new conference for 2007 
was the Nanomanufacturing Conference, 
which featured presentations discussing the 
future of optical and laser-related nanotech-
nologies in mass production. 

In addition to the technical conferences, 
ICALEO® 2007 also organized Laser Business 
Insight, a panel discussion which was includ-
ed to help move the latest technology out of 
the lab and into the market. This proved to be 
one of the most informative and well-received 
discussions within the conference agenda. 

ICALEO® 2008 will be held October 20 – 23, 
2008, at the Pechanga Resort & Casino in 
Temecula, California. 

2
0
0
8

PICALO General Conference Chair:
Minlin Zhong, Tsinghua University, China
PICALO Laser Materials Processing Conference Chairs:
Hau-Chung Man, Hong Kong Polytechnic University, China
Lin Li, The University of Manchester, UK
PICALO Micro, Nano and Ultrafast Fabrication Conference Chairs:
Xiaoyan Zeng, Huazhong University of Science & Technology, China
Yongfeng Lu, University of Nebraska-Lincoln, USA
International Enterprise Summit - NEW FOR 2008!
Globalization: Opportunities & Challenges for Laser Companies in China & the World
Go to www.laserinstitute.org/conferences for Registration,
Sponsorship & Vendor Program Opportunities!

Presented by Laser Institute of America in cooperation with
Laser Processing Committee of China Optical Society
(LPC-COS) and Tsinghua University

You‘ll love Lasys!

Show your customers: 

lasers can do almost anything.

Lasys will provide visitors with numerous 
ideas relating to the effi cient use of laser 
technology in material processing. 

Present your systems and processes at this 
unique interindustry trade fair covering dif-
ferent materials for users from industrial 
production.

www.lasys-messe.de

Lasys_AZ_95x250_youlllove.indd   1 09.08.2007   14:37:50 Uhr
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What has always endeared me to the laser 
community is the optimism that comes from 
those working with coherent optical radiation. 
Laser technology and beam delivery develop-
ments continue to amaze, new applications 
abound and the community of laser users 
continues to broaden as a result.  

AILU was launched in 1995 to satisfy the 
aspirations of the UK laser user community 
for its members to support one another in 
meeting common goals and addressing com-
mon concerns, and a wish to be kept up to 
date with technological developments and 
opportunities. The aspiration remains and so 
too does the context: rapid innovation and 
developments in technology, new laser appli-
cations and more new/pioneering laser users. 
As a result, the Association is increasingly 
putting its efforts into its internet presence 
and the formation of Special Interest Groups. 
The three association news items on page 1 
of this issue testify to this on-going exciting 
evolution: the launch of a Medical SIG (and 
plans to start a Micro/Nano SIG in 2008); a 
further major update of the AILU web site; 
and the launch of an e-newsletter for circula-
tion within the broader laser community. 

I would also like to draw readers attention 
to the President's message on page 21, in 
which Clive mentions that as part of AILU's 
commitment to the Photonics KTN the asso-
ciation has offered to organise a Photonics 
Strategy Workshop with the aim of better 
understanding and quantifying the laser and 
applications market, and  identifying oppor-
tunities that might arise in the laser materials 
processing sector over the near to medium 
term. 

In these plans for 2008 and beyond it is well 
worth recognising the positive role that the 
Photonics KTN has played since it’s incep-
tion 18 months ago. The government initiative 
has not only provided a forum for debate and 
discussion (ie an opportunity for greater pho-
tonics industry networking), but has helped 
define direction and has actively encouraged 
(ie funded!) some of these important new 
initiatives. 

In anticipation of the exciting times ahead, I 
wish all our readers an opportunity to draw 
breath and enjoy a peaceful Christmas 
period, returning for a challenging and pros-
perous 2008.

Mike Green, Editor  
mike@ailu.org.uk

Editorial Board for this issue

David Gillen Blueacre Technology

Peter Hancocks    University of Warwick

Matt Henry Powerlase

Clive Ireland   AOT

Gerry Jones    Trumpf UK

Ian Jones     TWI

Lin Li University of Manchester

Dave Maclellan    Rofin Baasel UK

Mo Naeem GSI Group

John Powell      Laser Expertise 

Nadeem Rizvi    Laser Micromachining Ltd 

Martin Sharp LLEC

Brooke Ward     Europtics Partnership

Tim Weedon

Looking forward

“The 
Association 
is increas-
ingly 
putting its 
efforts into 
its internet 
presence 
and into the 
formation 
of Special 
Interest 
Groups... "
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AILU Events

Welding and cutting 
with fibre delivered 

laser beams

Wednesday 20 February

TWI Cambridge

Presentations, exhibition and  
laboratory tour

Chair: Paul Hilton

Fibre delivery for welding and cutting has 
been around for many years, offering many 
obvious benefits over the alternative, free 

space optics, for the delivery of high power 
laser radiation. However, driven by develop-
ments in high brightness solid state lasers 

(especially the fibre and disk lasers) the 
performance of fibres in terms of delivered 

power and beam quality has increased mas-
sively in recent years. 

This workshop will assess the unique char-
acteristics of high power fibre delivered laser 

systems, the exciting opportunities they 
present to manufacturing industry, current 

activities and future promise

Presentations include:

Berndt Brenner Fraunhofer IWS Dresden 
Overview of work on fibre 
laser cutting and welding

John Marsh Intense Photonics   
The challenges facing fibre 
optic delivery of diode laser 
beams

Aurelie Brun  TWI Cambridge 
Fibre delivered diode laser 
welding of technical textiles

Ali Khan Cambridge University 
Supersonic nozzle design for 
1µm laser sources 

Mo Naeem GSI Group  
Novel Concepts of Robust 
Fibre Delivery Design for 
Industrial Applications

Lin Li University of Manchester 
Cutting with single mode 
fibre lasers

Wolfgang Danzer Linde  
Fibre laser cutting

TBC Laserline 
Welding with high power 
diode lasers with fibre optic 
beam delivery

Lunchtime clinic for one to one 
consultations.

The international show for buyers of subcontract engineering services

SUBCON 2008 IS YOUR OPPORTUNITY TO:

• Showcase your products and demonstrate your capabilities 
• Make new contacts 
• Retain your existing customers 
• Explain how you solve problems 
• Win the confidence of new customers 
• Generate enquiries and forge new partnerships 

Serious buyers
come to Subcon
to meet the
people behind
the business.

www.subconshow.co.uk
TO EXHIBIT PLEASE CONTACT:
Jonathan Clark, Event Manager 
Tel: +44 (0) 207 970 6742 
Email: jonathan.clark@centaur.co.uk

horizontal :Layout 1  29/10/07  14:24  Page 1
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