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

 • To disseminate professional and 
other information to members.

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

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

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

• Subscription to The Industrial Laser 
User, the leading magazine on indus-
trial laser applications and news and 
views in 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, where key areas of technol-
ogy 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 including the Laser 
Institute of America.

The AILU objectives 
as set out in the memorandum of 

Association 6 July 1995

Benefits of  
membership 

association of industrial

l  a  s  e  r     u  s  e  r  s
AILU

The increasingly important field of laser micro and 
nano processing features prominently in this issue. The 
picture above, which could be mistaken for a winter 
snow scene, is an example of laser nanoprinting. This is 
one of several examples of laser nanotechnology for the 
electronics industry, provided in the article by Minghui 
Hong (p24). Other related papers in laser micro and nano 
processing appear between pages 22 and 29.

Helping industry make the most of laser technology
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MEMBERS’ NEWS

Association
Request for contributions for AILU's new 
'Design for Laser Manufacture' initiative

The construction of the new ‘Design for Laser 
manufacture’ micro-web is nearing comple-
tion and we are now appealing to readers to 
provide suitable material for the site.

The DTI-supported site (see Issue 43, p15) 
is intended to appeal to engineering design-
ers and will, by examples of laser processed 
parts and case studies, encourage designers 
to think 'laser’ at the design stage. Laser job 
shops and suppliers to the laser user com-
munity will directly benefit from its success.

The micro-web will also offer video clips of 
laser processing in action, standard presenta-
tions and data sheets; all to support the move 
to laser processing. 

Providers of material for the new site will ben-
efit from the additional internet exposure: they 
will be listed in the appropriate category(s), 
and every piece (picture, case study, design 
note) displayed will carry a company banner.

The draft layout of the new (unpopulated) site 
can be viewed at:  
http://ailu.org.uk/dlm/media.asp. 

To participate, or for answers to any ques-
tions, please contact the AILU office.

Contact: Mike Green
E: mike@ailu.org.uk

AILU registered with MAS
AILU is deemed to meet the criteria for 
delivering expert hands-on advice and assist-
ance to manufacturing industry, and is now a 
registered body with the DTI Manufacturing 
Advisory Service. As a result AILU details 
have been passed on to the MAS Regional 
Centres and appear on the MAS web site at 
www.mas.dti.gov.uk.  

Initiatives
Photonics 21

The European 
Technology 

Platform Photonics21, which was launched 
on 5 December 2005 (see Issue 41, p27) 
recently held its second meeting in Brussels, 
mainly with the aim of developing photon-
ics-based projects in the new EU Framework 
Programme, FP7. Details can be found in the 
President's Message on page 17 of this issue.

The P21 platform provides a forum for the 
photonics industry in Europe and an interface 
for directing research towards practical appli-
cations. The Platform has defined several 
research priorities grouped into 7 research 
themes which they have proposed to the EU 
for the first FP7 calls in January 2007 (see 
the UK Government site http://fp6uk.ost.gov.
uk/fp7/ for background). These are:

1 “Information and Communication”
Topic 1.1 Photonic technologies for high and ultra 
high speed optical core networks

Topic 1.2 Photonic technologies for radical cost 
reduction and enhancement of the Access Network

2 “Industrial Manufacturing & Quality”
Topic 2.1 High brilliance lasers

Topic 2.2 Photonic material processing for new solu-
tions and products

3 “Photonics for Health Care and Life Sciences”
Topic 3.1 New photonic technologies for the mini-
mally-invasive diagnosis and therapy

Topic 3.2 New photonic tools for the analysis of cell 
processes

4 “Lighting and Displays”
Topic 4.1 High efficiency Solid State Lighting for 
general lighting applications

Topic 4.2 Novel large-area processing for high-
performance display and lighting technologies and 
applications

Topic 4.3 Laser light sources for display and lighting 
applications

5 “Security, Metrology and Sensors”
Topic 5.1 Specialised laser sources

Topic 5.2 High-performance electronic imaging

6 “Design and Manufacturing of Components and 
Systems”
Topic 6.1 Photonic integration technologies for 
chips of higher functionality and drastically reduced 
footprint

Topic 6.2 Production strategies and systems for the 
integrated manufacturing and packaging of compo-
nents and subsystems

7 “Photonics Education, Training and Research 
Infrastructure”
Topic 7.1 Networks in photonics

Topic 7.2 Graduate schools for photonics

Further info at http://www.photonics21.org/

Promozione L@ser - the new association 
for Italy's laser community
The Italian laser community has a brand new 
reference association. Formed as a section 
of the Italian Association for Manufacturing 
(Associazione Italiana di Tecnologia 
Meccanica, A.I.Te.M.) dedicated to laser 
manufacturing, "Promozione L@ser" (laser 
promotion) was launched on 30 November 
at an open 1-day event at the University of 
Bologna's Department of Engineering attend-
ed by over 40 members of the university and 
industrial communities.
This new initiative, conceived and promoted 
by Professor Edoardo Capello of the Milan 
Polytechnic, aims to bring together universi-
ties working on laser machining and produc-
ers of laser systems and laser sources, to 
support existing laser users and promote the 
use of lasers in manufacturing. It aims to cre-
ate a network (represented by the '@' in  
L@ser) that can be readily accessed by laser 
users (actual or potential), making the transfer 
of innovation from universities to industry 
easier and stimulating research projects in the 
laser field. 

Dr. Mike Green from AILU was invited to 
the launch to speak about the Association's 
experience. He underlined the common 
aspirations and challenges faced by the two 
organisations and expressed the hope for a 
mutually beneficial collaboration. 

Promozione L@ser will become fully opera-
tional in 2007 and is open to any anyone 
within Europe willing to contribute to the 
initiaitve. 

Contact: Edoardo Capello
E: edoardo.capello@polimi.it.
W: www.aitem.org 

Platform on Smart Systems Integration
Major industrial companies based in differ-
ent European Member States, world lead-
ers in microsystems and related advanced 
technologies, have come together to initiate 
a European Technology Platform on Smart 
Systems Integration (EPoSS) to foster coop-
eration between European players in the 
field. EPoSS plans to co-ordinate activities 
and develop a research agenda on innovative 
Smart Systems Integration. Membership is 
open to any party active in this field.

Contact Klaus Schymanietz at the EPoSS Office
E: Schymanietz@vdivde-it.de

1
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DTI's latest competition
The launch of the DTI Autumn 2006 
Technology Programme competition for col-
laborative research and development projects 
took place at Innovate 2006 at the Queen 
Elizabeth II Centre in London on 2 November. 

The current calls under the Autumn 2006 
competition, together with total amounts of 
funding available, are:

• Network security: Human vulnerabilities 
in network security - £5m

• Moving towards the zero emission enter-
prise: A challenge to business to reduce 
their diverse negative environmental 
inputs - £10m

• Emerging energy technologies: Low car-
bon energy technologies - £8m

• Bioscience and healthcare: Technologies 
for development and manufacture of 
biopharmaceuticals - £7.5m

• Sensors and imaging for medical, secu-
rity and environmental applications - 
£7.5m

• Plastic electronics: Novel materials, dep-
osition and patterning techniques - £5m

The deadline for registration of intention to 
submit an application is midnight on  
8 January 2007

Further info at: http://www.dti.gov.uk  (follow 
links to Innovation > Technology Strategy > 
Competitions for Funding)

Ultrafast laser system installed at Cardiff 
University’s MicroBridge facility
Oxford Lasers has recently installed what 
it claims to be the most advanced ultrafast 
micro machining system of its kind at the 
Manufacturing Engineering Centre (MEC), 
Cardiff.  The PicoLase1000 system will be a 
key enabling technology at the MicroBridge 
facility, offering unique flexibility in laser 
processing with the ability to machine virtually 
any material to microscale resolution.

The £7.5 million MicroBridge facility at the 
MEC, Cardiff University, was officially opened 
in October 2006 by Andrew Davies, Welsh 
Assembly Minister for Enterprise, Innovation 

and Networks. Funding for the MicroBridge 
project was provided by the DTI, the Welsh 
Development Agency and other industrial 
partners, including Oxford Lasers. 

PicoLase1000 features a picosecond laser 
system with 532nm and 355nm harmonics 
and 12 axis motion control, with the capabil-
ity to drill holes and cut profiles with excellent 
burr-free edge quality at very high speeds. 
Amongst its innovative capability is a dual 
beamline, automated trepanning system and 
special micro milling routines for ablating 
complex structures. High beam quality makes 
it possible to focus to spot sizes of less than 
1µm within a practical working distance.

The MEC, founded in 1996, already has an 
award winning reputation for design, develop-
ment and manufacturing engineering and is 
set now to move forward as a major player in 
the field of nano technology. “By producing 
such small components, manufacturers can 
save on materials, reduce component count 
and reduce labour - dramatically lowering 
overall costs and adjusting market pricing to 
become more competitive and increase prof-
its," said Frank Marsh, the MEC’s Marketing 
Director. “The benefits from this jump in 
technology will be almost immediate and will 
have implications across a range of sectors, 
including communications, optics and the 
automotive industry.”

Contact: Alan Ferguson
E: alan.ferguson@oxfordlasers.com

People
New Director for Photonics KTN
Alastair Wilson has been 
appointed as Director 
for the recently formed 
Photonics Knowledge 
Transfer Network. “I am 
very thrilled and excited 
by the opportunity to lead 
the Photonics KTN and to 
ensure it enables the UK 
photonics industry to be the most competitive 
and innovative in the world,” said Alastair.

Alastair has been a leading figure in UK pho-
tonics for many years, and while at Scottish 
Enterprise was instrumental in the creation 
of the Scottish Optoelectronics Association.  
“We are pleased that Alastair will be leading 
this KTN," said DTI's Ian Williams. "As well as 
being well known in the UK photonics land-
scape he brings a significant track-record in 
economic development.”

Contact: Alistair Wilson
E: a.wilson@photonicsktn.org

Business
Oerlikon acquires Exitech
In October the UK laser communiy was 
stunned to learn that Exitech Limited, the 
highly successful Oxford-based specialists in 
laser-based micro and nanofabrication were 
forced to go into administration because of 
cash flow problems. Only in June this year 
AILU had one of their most successful micro 
processing workshops at Exitech, which 
included an amazing tour of their industrial 
micro processing machines under construc-
tion and testing. The attendance was high 
and the mood incredibly upbeat.

The silver lining to this dark cloud has been 
the recent news that OC Oerlikon Corporation 
Ltd. (Pfäffikon, Switzerland) have acquired the 
company, including Exitech's staff. 

Oerlikon's particular interest is the production 
of thin film solar modules, but other business 
areas stand to benefit too; in fields such as 
the manufacturing and structuring of colour 
filters and optic sensors, and the production 
of semiconductors. 

"Exitech will provide crucial impetus for the 
development of our competencies in nano 
and laser technology," said Oerlikon CEO 
Thomas Limberger. "We are happy that we 
are not only taking Exitech's technology on 
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Andrew Davies, Welsh Assembly Minister for Enterprise, 
Innovation and Networks opening the MicroBridge facility 
at the MEC, Cardiff University

Obituary

Professor Akira Matsunawa of the Welding 
Research Institute at Osaka University, 
Japan, died 20 September in Japan after 
a short illness. Delegates at this year's 
ICALEO conference, an event Akira had not 
missed for the past 23 years, particularly 
sensed the loss. 

"Aki and I had many things in common, 
similar ambitions and a similar enthusiasm 
for laser material processing," said past 
AILU President Bill Steen. "Aki had a deeper 
understanding of the subject than most and 
he had the ability to teach this to others. A 
significant part of the advanced growth in 
the world’s laser processing capabilities is 
due to his ability to organize the Japanese 
government’s investments in the technology 
and through his own research ability and 
infectious enthusiasm.” 
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Research boost for Hull laser business
Yorkshire Forward is investing more than 
£350,000 in Rofin Sinar UK to develop more 
economical and environmentally-friendly 
lasers at its site in Willerby, Hull.

Rofin Sinar will match fund the research and 
development grant from Yorkshire Forward to 
develop a range of low powered CO2 lasers 
that will be used to mark bar codes and batch 
codes on packaging. The company predicts 
that the new laser process will be more cost-
effective, efficient and offer greater stability 
than existing techniques.

Rofin Sinar UK, part of the world-wide Rofin 
group of companies, is the leading European 
supplier of compact sealed carbon dioxide 
lasers at powers greater than 100 watts. The 
Yorkshire Forward grant award will enable 
Rofin Sinar to develop a range of novel low-
power sealed lasers below 100 watts.

Ken Lipton, managing director at Rofin Sinar 
UK, said: “The Yorkshire Forward R&D grant 
has given us a great boost to develop this 
project which has the potential to expand our 
factory, enable us to employ more people, 
and increase exports for this area. We already 
export 96 per cent of our output and source 
30 per cent of our material from the Humber 
region."

Contact:  Keith Clark
E: sales@rofin-uk.com

Rofin-Baasel UK Moves to Bigger Premises
Rofin-Baasel UK has completed its move 
to larger offices near to its previous site in 
Daventry, Northamptonshire. The new premis-
es include a more extensive demonstration 
and applications facilities and training room.

The applications laboratory is equipped with 
lasers to demonstrate micro laser welding, 
mould tool repair and low power laser cut-
ting, drilling and perforating. A  broad range 
of CO2, Nd:YAG and Vanadate markers are 
also available for benchtop marking and high 
speed coding. Experienced engineers can 
process customers’ sample parts and ensure 
that the best technology is offered and higher 
power macro laser processing can also be 
offered off-site at Rofin's manufacturing cen-
tres in Hull and various sites in Germany.

Rofin-Baasel UK’s financial year ended with 
record orders and sales of over £6M; current 
healthy demand for industrial laser systems 
from all sectors of manufacturing suggest that 
the company will soon expand to fill the addi-
tional space they have created.

Contact:  Andy May
E: a.may@rofin-baasel.co.uk

Trumpf achieves records sales in FY 05/06 
Trumpf ended the 2005/06 fiscal year with 
record sales of 1.65 billion Euro, up 18%. 
The profit margin grew to 12.4%.  The com-
pany recorded the strongest gains in Eastern 
Europe, America and the Pacific Rim. 

The engines for the company’s success were 
machine tools for sheet metal processing, 
where sales grew by 23% to 1.44 billion Euro. 
The Laser Technology/Electronics Division 
enjoyed an 8.5% sales increase to 438 million 
Euro; sales in the Medical Technology Division 
rose 10% to 108 million Euro.

The current fiscal year is also going well, with 
sales and orders received during the first 
three months rising by just under 25% and 
total projected sales expected to exceed 1.8 
billion Euro. 

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

Expansion at SPI Lasers
Strong sales growth in China results in SPI 
expansion, with the opening of a business 
support office in Shenzhen China in partner-
ship with A&P Instrument Co Ltd. 

SPI and A&P offer a “try before you buy” 
service across China whereby companies 
can evaluate a pulsed or CW fibre laser (up 
to 200W in output power) free of charge for 
15-30 days. In 2007, SPI plan to expand their 
support to the Chinese market by providing 
an application laboratory in Shenzhen. 

The “try before you buy” service is proving 
very popular across North America where 
companies have full access to SPI's applica-
tions lab; which houses a high-end motion 
system and a Crafford Fiberstar handheld 
welding system, also offers product support, 
technical and customer service. 

"The applications lab enables us to carry out 
proof-of-principle work for interested custom-
ers, and we invite interested customers to 
bring their samples for a demonstration of the 
capabilities of the laser," said Silke Pflueger, 
Director of Sales for North America.

Tony Hoult, SPI's Applications Manager com-
mented. “We are delighted with the success 
of our “try before you buy” service and the 
planned opening of a Shenzhen application 
laboratory in 2007. Companies will be able to 
send staff for training prior to using it in pro-
duction: providing yet another testament to 
SPI’s investment in the customer experience” 

Contact: Keith Barnes
Email: keith.barnes@spilasers.com

board, but also their staff. They will play an 
important part in the growth of Oerlikon's 
solar business."

More info at: http://www.oerlikon.com

Management buy out of Oxford Lasers
Oxford Lasers has been wholly acquired by 
its management team. This follows a very 
successful period where sales have grown 
by over 60% in 12 months and the company 
has completely updated its product line.  New 
products include the Picolase micromachin-
ing system and the production hardened 
Probedrill series.  

Previously the company had been majority 
owned by private equity backers. Following 
the deal the management team owns 100% 
of the equity.

John Baker, Chief Executive of Oxford Lasers 
said, “We are absolutely delighted. The com-
pany has an outstanding range of new prod-
ucts and services and we are ideally posi-
tioned to supply a complete range of laser 
solutions to our customers. We have had one 
of the most successful periods in the compa-
ny’s history and have clear plans to continue 
this strong growth. In 2007 we are planning 
several major new product launches.” 

Founded in 1977, Oxford Lasers is a world-
leader in providing laser-based solutions to 
industrial and scientific markets.  Products 
include advanced Laser Micromachining 
and Imaging systems that are used in a 
wide range of high technology sectors. The 
Micromachining systems can machine a 
wide range of difficult materials and produce 
features down to 1µm that are some of the 
smallest available in the world. The Imaging 
systems produce size, velocity and accelera-
tion data for clouds and sprays of micron 
sized particles moving at high speed. 

Contact:  Andrew Kearsley
E: andrew.kearsley@oxfordlasers.com

WELCOME TO NEW  
CORPORATE MEMBERS

BSB Engineering Co Ltd

Laserplas Ltd

Lasit, Italy

MEC,Cardiff University

Midaz Lasers Ltd

Press-Tech Cutting Formes Ltd

Ranol, Greece
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Radan celebrates 30 years

Software specialist Radan Computational 
celebrated its 30th anniversary as a leading 
supplier of CAD/CAM solutions for the sheet 
metalworking sector during October. At an 
informal ceremony at its Bath headquarters, 
managing director Chris Aston recorded the 
company’s growth from a two-man operation 
in 1976 to its current position as a 75-strong 
international group with subsidiaries in France 
and Minneapolis, USA.

“With more than 15,000 Radan licences in 
use around the world, we are currently enjoy-
ing the most successful period in our his-
tory,” says Chris. “All product development 
continues to be undertaken at our Bath head-
quarters and, by providing a ‘one-stop shop’ 
for all our customers’ needs, we have estab-
lished an enviable position as the dominant 
supplier within the UK sheet metal sector.

According to longest serving employee Rod 
Bennett, who joined the company in 1985 as 
a support/help desk engineer, Radan’s com-
mitment to customer service has remained 
a constant throughout. “We always strive to 
provide a complete package of services to 
our users, which is one of the reasons that up 
to 70% of UK customers hold maintenance 
contracts with us,” he says. “It’s an approach 
that undoubtedly helps to boost user base 
numbers and underpins the development of 
our latest generation sheet metal CAD/CAM 
solutions.” 

Chris Aston agrees: “These are the corner-
stones of the company’s success.  Almost 
25% of our staff are devoted to software 
development, with a further 40% in customer 
support and technical services. We aim to 
build on the strength of our first 30 years to 
continue our growth in the future - particularly 
in the Far East and other rapidly emerging 
markets.”

Contact: Emma Tyreman
E: emmatyreman@planit.com

II-VI opens wafer processing clean room
II-VI has opened a Wide Bandgap Materials 
Group's (II-VI WBG) SiC wafer process-
ing clean room inside the new facilities of 
SemiSouth, the silicon carbide (SiC) research 
and development company. 

The collaboration between II-VI and 
SemiSouth will provide manufacturing devel-
opment and scale-up capabilities for SiC 
substrates used in high-voltage, high-temper-
ature, and high frequency electronics applica-
tions, including radar, power conversion, and 
radio-frequency transistors. 

Regarding the fast-growing markets for 
SiC products, II-VI CEO Carl Johnson said, 
"We believe that close collaboration with 
SemiSouth will enable both companies to 
make rapid progress in technology devel-
opment and ultimately will lead to a more 
efficient and effective [SiC] manufacturing 
process."

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

New Products
Materials
John Tainton's extended range
John Tainton Ltd is installing a new SCS 
strip cleaning line purchased from Red Bud 
Industries, Illinois USA in their new exten-
sion at their Servosteel plant in Dudley, West 
Midlands. Up and running in January 2007, 
the line will handle coils up to 32 tonne and 
1830mm wide from 0.9 – 8mm thick. 

The process involves passing strip through 
leveling units, under high tension, then 
through a brush cleaning unit to remove scale 
and/or rust; leaving a smooth, flat surface 
that is rust resistant without the need for 
oil. The finished product may then be slit or 
decoiled and is ideal for laser blanks and 
for paint coating and galvanized finishes 
where preparation costs can be dramatically 
reduced. There are also opportunities for 
recovering damaged coil. 

See more at www.servosteel.co.uk  
Contact Servosteel on 01384 471371 

Refurbished de-coiling line
John Tainton has refurbished and upgraded 
its de-coiling line, and is now able to offer 
de coiling from 0.4mm. The stock range 
includes: Hot Rolled Dry, Hot Rolled Pickled 
and Oiled, Cold Reduced, Electro Zinc 
Coated and Hot Dipped Galvanised, all avail-
able in standard widths. 

The QUICK STOCK range offers standard 
size sheet and plate to meet same day/ next 
day deliveries; and de-coiling to specific cus-
tomer requirements. 

Kidderminster – 01562 740 477
Crosskeys – 01495 279 247
Braintree – 01376 528 992
Stockport – 0161 406 1006

Auxiliary Equipment
MSS partnership with domnick-hunter
Considering that nitrogen makes up 78% of 
the air we breathe, it can come as a shock 
to laser users that purchasing the gas may 
account for 66% of their hourly running 
costs, according to Manufacturing Service 
Solutions, a specialist in laser cutting tech-
nology. With the aim of offering dramatic 
reductions in the cost and inconvenience of 
purchased gas, the company has reached 
an agreement with domnick hunter for the 
exclusive distribution of its range of Nitrogen 
Generation equipment for laser cutting appli-
cations in the UK. The partnership between 
domnick hunter, which has ten manufacturing 
plants and 25 trading subsidiaries worldwide, 
and MSS, which has been offering Nitrogen 
Generation equipment for several years, has 
been highly valued by customers. In the first 
nine months of 2006, MSS has installed 12 
systems in the UK, double its total target for 
2005, by combining domnick hunter’s exten-
sive knowledge of gas generation with its skill 
and experience in the laser cutting industry.

The Nitrogen Generators, supplied by MSS, 
filter nitrogen from the air, and compress it 
at 42 bar into either a bulk storage tank, or 
a manifold cylinder pack, giving a flow rate 
which is sufficient to run up to three laser 
machines simultaneously. Graham Ackerman, 
Managing Director of Ackerman Engineering 
said, “We were on a fortnightly gas delivery 
schedule and if we ran out early we incurred 
high costs due to machine downtime and 
charges for rearranged delivery. With in-house 
nitrogen generation we are able to achieve 
continuous use of our 4.4Kw Bystronic 
Byspeed. Additionally, it is now economic 
for us to use nitrogen on more jobs; this pro-
duces a better edge quality and reduces edge 
cleaning for subsequent processes.”  

Martin Cook, Director at Cutting Technologies 
commented, “Prior to purchase of our 
ErreDue Nitrogen Generator, also supplied 
by MSS, we carried out tests with our cus-
tomers, and they were happy with the edge 
quality for generator settings below 150ppm 
oxygen. We run at 90ppm and achieve flow 
rates of over 70Nm3/hour from our generator. 
Since its installation in November 2005 it has 
supplied our two laser machines with no ‘gas 
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Chris Aston, Radan MD and (right) Patrick Love, Director 
of Planit Holdings
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Fibre laser extends capa-
bilities of laser welding 
workstations 

Crafford-LaserStar Technologies Corp., of 
Rhode Island, USA, a worldwide supplier 
of laser microwelding, cutting and mark-
ing workstations for industrial applications, 
premiered it’s first FibreStar laser welding 
workstation earlier this year and is already 
examining other workstation products featur-
ing fibre laser sources. 

This addition to the Crafford-LaserStar prod-
uct range recognises the growing accept-
ance of fibre lasers for materials processing 
applications as a cost-effective alternative 
to conventional laser design. The new weld-
ing workstations provide a better quality 
output combined with improved process 
yield, reduced running costs and have lower 
maintenance demands, heralding a major 
breakthrough in welding performance. 

Demands for laser-based manufacturing 
For all of the typical laser materials process-
ing applications there is an almost universal 
requirement for consistently high qual-
ity results. For a large proportion of these 
applications, workstations that make use of 
conventional laser sources are more than 
satisfactory for the task. 

Some industries, such as medical devices 
and electronics, are nonetheless subject to 
particularly stringent manufacturing quality 
requirements. For example, medical devices, 
implants and components for the electronics 
industry often use 300-series stainless steel, 
with wall thicknesses of 0.1 to 0.5mm. The 
specifications for the size, quality, durability 
and performance of such welds are set very 
high, although the weld process for such thin 
materials is actually very difficult - too much 
power can result in excessive penetration 
and thus to weak points and perforation, 
while too little power can result in weak weld 
strength. 

Crafford-LaserStar Technologies supplies 
benchtop and portable laser microwelding, 
cutting and marking workstations for indus-
trial applications. These workstations find 
extensive use in low and high volume and 
high value assemblies and precision assem-
bly environments, being capable of welding a 
wide variety of metals.

In order to provide the industry with a wider 
welding performance envelope, Crafford-
LaserStar began exploring alternative laser 

source options for a 
new line of worksta-
tion products with 
fibre laser specialist 
SPI Lasers, and in the 
MDM West Show in 
February of this year 
(Anaheim, CA, USA) 
they exhibited the new 
Model 7500 FibreStar 
workstation. Designed 
for stringent welding 
and cutting applica-
tions, this workstation 
is equipped with an 
air-cooled, cw/modu-
lated fibre laser from 
SPI and is the first 

fully integrated portable welding workstation 
of this type worldwide. Production versions of 
this workstation are available with 20, 50, 70 
or 100W fibre lasers. 

The new workstation has been designed with 
the needs of the precision microwelding and 
microcutting industry in mind, providing a 
level of accuracy and consistency previously 
unavailable. This is made possible due to the 
unique capabilities of the fibre laser source, 
including sub 0.5% pulse to pulse energy 
variation, ±0.5% cw power stability over 
time, single-mode (TEM00) beam quality and 
focused spot sizes down to 10µm. These 
features, coupled with high energy efficiency 
and with no optical parts to align or cali-
brate, make fibre lasers an attractive laser 
source for practical shop floor environments. 

High quality precision welding can be per-
formed close (0.1mm) to the most compli-
cated and intricate component parts, but 
applications are not limited to just welding - 
cutting of medical grade steels and wire end 
preparation for medical components are both 
easily realized with the new workstation. 

Contact: Tony Hoult
E: tony.hoult@spilasers.com.

Case 
Study

Crafford-LaserStar’s new 
FibreStar fully integrated 
welding workstation 
solution retains the classic 
trademark of compact, 
ergonomic and practical 
design

Medical devices, such as this catheter kit, can benefit 
from the microwelding and microcutting abilities of 
the fibre laser equipped FibreStar workstation from 
Crafford-LaserStar 

outs’ or breakdowns and we have never had 
to supplement the supply with bottled gas.”

Payback on the investment was an impor-
tant factor for Border Precision. John Roche, 
Sheet Metal Manufacturing Engineer said, 
“We were changing nitrogen packs three or 
four times per week. The Nitrogen Generator 
has reduced the downtime caused by waiting 
for packs, and we now never run out of gas 
during the night shift. With one laser machine 
our payback was less than three years, now 
that we have a second the payback is even 
shorter.”

The domnick hunter Generators supplied by 
MSS are fully expandable. If the customer 
adds extra laser machines, gas generation 
can be increased by simply adding further 
MAXIGAS banks. John Roche added, “The 
modular gas generation unit was an important 
factor, ensuring that the system would be able 
to grow alongside our requirements.”

Carlos Gonzalez-Lee, Managing Director of 
MSS concluded, “A Nitrogen Generator can 
produce nitrogen for around £0.05 per m3, 
making it cost effective to widen the range of 
parts cut using it as an assist gas. Not only 
does this result in faster cutting times and 
lower gas costs, but it also produces higher 
quality parts, increasing our customer’s com-
petitive edge.”

Contact: Carlos Gonzalez-Lee
E: carlos@mssolutions.org

domnick hunter's new nitrogen generator 
domnick hunter is offer-
ing a new and improved 
nitrogen gas generator 
with new levels of per-
formance, reliability and 
efficiency.

The new MAXIGAS fea-
tures include equalisa-
tion technology, offering 
huge energy savings 
and outlet pressures of 16 bar without the 
need of a costly pressure booster.

In a separate new product development 
domnick hunter has launched the world’s first 
complete DEOXO solution to reduce impurity 
levels in the nitrogen to 5ppm by removing 
trace oxygen. The unit includes integral hydro-
gen cell technology, filtration and compressed 
air dryers. The solution is well suited to 
applications including metal heat treatments, 
claiming potential cost savings of around 60% 
over other forms of nitrogen generation.

Contact: Phil Green
E: phil.green@domnickhunter.com
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Midaz's major breakthrough in high- 
performance compact lasers
Midaz Lasers Ltd, a spinout company from 
Imperial College, is developing a range of 
diode-pumped solid state (DPSS) lasers, 
which, they claim, will outperform other solid 
state laser products available today.

“We are confident that Midaz has a signifi-
cant lead over competitors because of our 
ability to provide Q-switched output of high 
power and high beam quality and, simultane-
ously, pulse repetition rate over a wide range; 
all in a small laser package. After several 
years research in my laser Group at Imperial 
College London we are now very close to 
launching our products” said Founder and 
CTO Professor Mike Damzen.

The company is aiming to develop new busi-
ness by offering OEM laser modules as alter-
natives to industrial inkjet printers. Several 
major systems integrators and OEMs are talk-
ing to the company with a view to securing 
early sales.

Thanks to seed capital from Imperial College 
and Dr Paul Atherton (Chairman and lead 
investor), Midaz has moved into a new facility 
and is at the point of testing its prototypes for 
final manufacture.

Contact:  Michael Damzen
E: michael.damzen@midaz.co.uk

Spectra-Physics sets new power record
Newport Corporation’s Spectra-Physics 
Division has achieved 714 Watts of CW 
operation using ProLite® diode lasers. In a 
nondestructive test, Spectra-Physics used 
940 nm diode laser bars that incorporate the 
company’s newest epitaxial design (a state-
of-the-art growth process) and industry-lead-
ing device engineering.  

“We are very excited to announce over 700W 
of output power and a peak power conversion 
efficiency of more than 65% from our diode 
laser bars,” said Franck Leibreich, Marketing 
Director, Spectra-Physics. Even at 714W the 
power conversion efficiency was still above 
57%.  In addition, temperature sensitivity was 
very low – 714W at 15ºC, 702W at 25ºC and 
680W at 35ºC.” 

Leibreich continued, “Because the results 
of this experiment were limited by the 
power supply, we believe that we have only 
scratched the surface of the benefits and 
capabilities of our new diode laser platform."

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

The patented MLBA™ (Multiple Laser Beam 
Absorption) technology using a YAG laser 
results in volume absorption of the laser 
radiation in the glass, in contrast with the 
surface absorption of commonly-used CO2 
laser radiation. The technology involves a 
specially developed reflector system that 
allows the laser beam to make multiple 
passes through the glass, inducing a ther-
mally induced tension fissure and ‘zero kerf 
width’ cutting of the glass in a single step. 

The customer's benefit is obvious: the 
MLBA™ technology cuts single glass plates 
0.2 mm to 24 mm thick, or even multi-layer 
glasses (display glass, laminated glass) in 
one single operational step. The usual sub-
sequent breaking is no longer necessary and 
the customer can benefit from shorter pro-
duction times by up to 50%. 

A worldwide unique technology is the selec-
tive separation of single glass plates in a 
glass stack, as well as cutting of contours 
in a single step, opening up completely 
new possibilities in glass processing. The 
MLBA™ technology is clean and contact-
free and in this way does not cause any 
pollution by additives (like cooling medial, 
cutting oil) or glass splinters. These features 
make the technique ideal for processing 
sensitive glass products or deployment 
in sensitive production environments. The 
high edge quality, free of any glass chips or 
micro cracks, greatly increases the stabil-
ity of glass parts, and reduces production 
losses by glass breakage and mechanical 
damage of high-quality glass parts to a 
minimum. 

Tubocut™: Cutting of Tubular Glass 
The Tubocut™ method uses YAG lasers to 
cut tubular glass and hollow glass efficiently 
and free of glass chips. The particular set-
ting of laser beam and workpiece achieves 
the same benefits as the MLBA™ process. 
This reduces waste considerably during 
subsequent thermal operations and pro-
vides the customer with high processing 
stability. 

New disc laser applications
Performance stability, scalability and the 
dynamic features of the Rofin DS series with 
a power range of 750 to 3000 W allow flex-
ible and high-performance solutions for a 
wide range of applications including applying 
MLBA™ technology for glass cutting. 

H2B Photonics develops individual custom-
ized cutting solutions with the MLBA™ tech-
nology. Using the new generation of Rofin 
disc lasers their range of applications has 
been extended to cutting borosilicate glass 
at enhanced cutting speeds. 

Products for customized solutions 
The H2B Photonics portfolio comprises the 
necessary reflectors and laser cutting heads. 
These can be individually equipped for the 
process and the customer's product require-
ments and can readily be integrated into 
existing production lines. 

H2B offers customized cutting solutions 
equipped with the requisite MLBA™ cut-
ting technology, which can be offered as 
complete systems. For further requirements 
in process control, H2B offers integrated 
temperature measuring equipment and sen-
sors providing additional options for complex 
cutting tasks. 

Specialists from H2B Photonics together 
with ROFIN experts install machines and 
process technology at the customer's site. 
According to the customer's wishes, person-
nel can be trained and advised at the H2B 
Photonics application centre in Garbsen near 
Hannover or at the customer's site. 

Many years of experience and competence 
as well as a high performance service net-
work worldwide guarantee reliable and stable 
operation at the customer's site. 

Contact: Andy May
E: a.may@rofin-baasel.co.uk

Rofin reveal new developments in cutting glass with disc lasers

Two glass plate contours, cut simultaneously with 
MLBA™ technology 

New cutting technology by H2B cuts glass tubes with 
a disc laser
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Technical Optics - BFi Optilas agreement
BFi Optilas has announced that CVI Technical 
Optics has extended its distribution agree-
ment to include the United Kingdom. The 
original agreement was established in June 
2005 to include Austria, Belgium, Denmark, 
Finland, France, Germany, Luxembourg, 
Norway, Portugal, Spain, Sweden, Switzerland 
and the Netherlands.

CVI is a leading manufacturer of optical 
components, providing engineering, rapid 
prototype delivery, high volume production, 
and system integration for challenging optical 
requirements. 

Contact: Simon Gray
E: sales.uk@bfioptilas.com

Control
Aerotech’s Nservo digital controller module 
Aerotech’s Nservo digital servo controller, 
which was developed to provide interconnec-
tivity between existing analogue servo drive 
systems and the Firewire™ based, A3200 
Digital Automation Platform, has been further 
improved to include command and feedback 
interfacing between the A3200 and piezo/
ceramic servo motor drives and galvo based 
servo systems. 

This feature will be of interest to users of 
existing piezo and galvo drives but will also 
be a benefit to system designers consider-
ing new-build motion and machine control 
applications using this technology. It will also 
provide manufacturers and system integra-
tors using any mix of servo, piezo, ceramic or 
galvo driven multi axis positioning systems, 
the potential to upgrade and extend the life 
of their capital investment - by replacing their 
performance and function-limited motion 
and machine control systems with the award 
winning A3200 Digital Automation Platform, 
whilst retaining their existing servo drives, 
motors and positioning components. 

The Nservo digital controller is available in 
two or four axis versions, each equipped with 
two Firewire® ports and an optional 10 Base 
T Ethernet interface which may be used to 
add third party I/O, PLC or other control com-
ponents to the system. 

.NET programming for motion control
Aerotech offer a range of .NET-enabled 
motion and machine control solutions that 
help to reduce application development 
timescales, facilitate integration of third party 
automation devices and simplify information 
exchange processes for OEM’s and builders 
of innovative production machinery and auto-
mated test equipment. 

The Microsoft .NET development environ-
ment is shared by Aerotech’s A3200 Digital 
Automation Platform for distributed multi-axis 
motion and machine control, the Ensemble™ 
Epaq multi-axis stand-alone packaged 
drive system and the single-axis Soloist™ 
integrated drive with large-axis networking 
capability. These items all also share Active-X 
programming objects, C++ class libraries and 
LabVIEW® virtual instrument integration.  

All Aerotech .NET enabled motion control 
solutions are comprehensively backed up with 
application training, manuals and full custom-
er support. The complete range of Aerotech 
positioning systems and motion controls can 
be seen at www.aerotech.com http://www.
aerotech.com

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

Newport announces new flexure stages

Newport Corporation has introduced a new 
line of flexure stages for high precision 
manipulation. Newport's new 466A series, a 
development of the popular stage by Martock 
Design, uses a patented nested flexure that 
ensures compact three-axis xyz motion.  
These stages prove ideal for applications 
such as fibre alignment, waveguide alignment, 
optical packaging and fibre launch.

"Our new 466A Series xyz Flexure Stages 
offer a stiffer and more stable platform than 
other available flexure designs," said Rick 
Sebastian, Product Manager, at Newport.  
"They incorporate a proven design that virtu-
ally eliminates both friction and wear.  A wide 
range of mounting accessories and inter-
changeable adjusters ensures that the 466A-
series flexure stage can be easily configured 
to many different applications."

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

Radan 07 for sheet metal applications

Radan 07, the latest version of Radan 
Computational’s CAD/CAM software for 
sheet metal applications, incorporates new 
functionality to maximise material utilisation 
and reduce cycle times. Features include 
enhanced ‘True Shape’ nesting capabilities 
for improved material utilisation – through the 
ability to nest components around clamps, 
provide finer angular orientation of parts 
within the nest and accurately compensate 
for individual tool shapes.  As a result, parts 
can be nested closer together without the risk 
of destroying the raw material skeleton, or 
closely oriented parts being damaged through 
tool interference.

Radan 07 also incorporates improved meth-
ods for handling partly used sheets – to 
further reduce material wastage. Offcuts can 
be automatically recorded for later use by 
Radan’s ‘Remnant Nesting’ tools and the 
nester will evaluate all stored remnants before 
selecting the best one to use.

A further feature of Radan 07 is its support 
of fly cutting on a wide variety of profiling 
machines.  With no tooling lead-in or lead-
out, this advanced technique enables laser 
cutting cycle times to be reduced dramatically 
on workpieces that include grids of holes or 
matrices of repeated profiles.

Contact:  Kevin O’Connor
Email: sales@uk.radan.com

Jetcam offer new cutting features 
Jetcam's latest version of Expert CADCAM 
software for punching, profiling and rout-
ing technologies offers further significant 
advances in nesting efficiency, administration 
security and ease of use.

Jetcam Expert provides complete interac-
tion, complete automation, or a mixture 
of anything in between depending on 
each user’s requirements. Remote Control 
Processing (RCP) allows external programs 
to completely automate the programming 
and NC code generation process for com-
plete hands-off operation
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Jetcam’s common line cutting features reduce 
machine cycle time and material use; while 
free-form high performance nesting (FFHPN) 
software, yields further material savings.

The latest version of Jetcam Orders Controller 
(JOC) allows for the remote creation of orders 
for components or assemblies. If used in 
conjunction with RCP, customers can expect 
a completely hands-free NC programming 
system, with machine operators using JOC to 
queue up orders, and the relevant NC code 
arriving at the right machine within seconds.

Contact: Carol Hart
E: sales@camtek.co.uk

Flatbed cutting
Prima Platino helps PAB increase accuracy 
and throughput

A Prima high speed Platino laser cutting 
machine, complete with 10-storey automatic 
work handling system, has been selected by 
automotive and aerospace sheet metalwork-
ing specialist PAB Coventry to increase its 
manufacturing capacity for high precision 
profiled parts.

Capable of achieving cutting speeds of  
140m/min and head acceleration of 12m/s2, 
the new Prima machine has a 3 x 1.5m bed 
and is equipped with a 4 kW laser suitable for 
cutting mild steel up to 25 mm thick. 

“As a Tier 1 supplier to leading automotive 
OEMs including Aston Martin, Jaguar and 
Land-Rover, high accuracy with fast through-
put are key requirements for us,” says PAB’s 
laser systems manager, John Laud. 

The new machine’s high dynamics are backed 
by exceptional precision, enabling it to 
achieve positional accuracy and repeatability 
of 0.03mm across its entire work area. This 
is achieved through a fixed workpiece design 
and the use of advanced flying optics. 

PAB’s selected 10-storey tower server is one 
of a series of options for the machine, which 
include automatic pallet changers, sheet load-
ers and flexible loading and storage units.

Contact: Joe Attuoni
E: joe@primauk.com

Laser power puts Garrick 
back in the driving seat 

When Garrick Engineering replaced its old 
laser, productivity, flexibility and reliability 
were key to their decision to purchase a 5kW 
LVD Axel laser with ultra-fast linear drives 
and two 3.0 x 1.5 m shuttle tables.

“Our old LVD Helius laser had been excellent 
and given many years of reliable service,” 
said Peter Smith, Garrick's MD. "We ran the 
machine for over 40,000 hours and it didn’t 
miss a beat, but we knew that we needed 
more than just a like-for-like replacement.” 

Garrick offers an all-round CNC fabrication 
and assembly service for sheet metal com-

ponents and has developed a number of key 
niche markets, including all the metalwork 
that goes to make up the structure of the air-
craft seating. Garrick fabricates around 4,000 
different components, some of which are 
extremely complicated – with large numbers 
of holes to make them lighter, lots of different 
variants and complex profiles. 

If there are only five or ten holes to do, then 
he would put the whole job on the laser 
rather than spending an hour setting up the 
punch press. But at higher volumes it is 
much more cost-effective to put as many 
of the holes in as possible using the punch 
press and do the profiling using the laser. 

In the past this has been a problem, as once 
the holes had been punched it was almost 
impossible to pick up their position and 
make the profiling cuts in the right places. 
The LVD Axel laser has solved this problem 
using a feature called Laser Eye, which is 
mounted on the cutting head and can pre-
cisely detect the position of the sheet.

“At the moment it’s working flat out, 24 
hours a day, six days a week. It has become 
the heartbeat of the company,” says Peter.

Contact:  Matt Fowles
E: m.fowles@lvduk.com

Beakbane achieve greater 
scope and faster  
processing

The growing need to process thicker materi-
als was the principal reason for Beakbane 
Limited to invest in a new Trumpf L3030 2D 
laser machining centre. Increased cutting 
speed was also another important factor 
in its choice. The company already has a 
Trumpf TC600L combination machine but 
with a laser power less than half the 3.2kW 
of the new flatbed addition. 

With almost 50 years experience in designing 
and manufacturing protective covers in steel 
and flexible materials for production machin-
ery, Beakbane supplies components to 
machine tool builders worldwide.  Products 

include steel telescopic and folded covers, 
armoured aprons, roller blinds and slideway 
wipers. The company has also developed 
new projects away from its core business 
including its own range of food and drink 
trolleys for public service areas.  

“The L3030 is replacing our TC240R punch 
press that we bought in 1989,” explained 
Barry Reeves, Managing Director. “That 
machine revolutionised the way we proc-
essed our metalwork and it was followed 
seven years later by the TC600L combination 
machine that is still going strong today.”  

The installed L3030 is to become Beakbane’s 
main cutting facility with the TC600L as 
back-up and for parts requiring additional 
forming. “These account for 30% of cutting 
capacity and together the machines will pro-
vide almost 100% of our component needs,” 
Mr Reeves adds.

Beakbane will operate a twin shift basis 
and although the company has no plans for 
lights out production at present, the modular 
design of the machine enables it to keep its 
options open on future automation.”

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

Case 
Study

Case 
Study
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Sub-micron precision motion is a fundamen-
tal part of the enabling technology for laser 
machining of complex geometries used on 
high-throughput production applications as 
diverse as medical stents and fuel injector 
nozzles for cars. Such applications share a 
common goal for ultra-precise velocity and 
position control in combination with tightly 
synchronised laser pulse control. 

A typical requirement for laser machined 
holes in injectors might require a reverse 
taper profile with 50 µm to 200 µm diameters 
over a precise length of 1000 µm. The overall 
accuracies required in the positioning, circu-
larity and taper angle for each hole could be 
as low as 5 µm and the hole-plane centreline 
may not be normal to the injector. Whilst 
direct-drive motion systems provide the basis 
for increased throughput and higher precision 
on applications of this type, many other fac-
tors need to be considered for high perform-
ance automated production. 

Below are some considerations to be made 
when choosing motion systems for high 
throughput production where both speed and 
precision are important.

Direct-drive systems
Brushless and cog-free direct-drive linear and 
rotary servo motors are increasingly replac-
ing conventional ballscrew and worm-wheel 
based drive systems for precision position-
ing tables. Increased dynamic response, 
improved precision, higher speed and faster 
acceleration/deceleration are just a few rea-
sons why this technology can claim a 2x to 
5x improvement in production throughput 
rates over the older technologies with a 
superior and more consistent finished part 
quality. 

Direct-drive systems are smoother with 
improved speed control characteristics. They 
have better in-position stability and offer 
increased rigidity for both mechanics and 
control. With no motion converters such as 
couplings, gearboxes, belts and ballscrews, 
they are completely backlash free with no 
elasticity or hysteresis.  

Direct-drive also allows placing the feedback 
encoder much closer to the load which sig-
nificantly improves feedback analysis result-
ing in improved path accuracy, more precise 
velocity control and the ability to smoothly 
traverse very small distances without over-
shoot.

Added benefits of greatly improved wear 
characteristics, minimal maintenance and a 
generally smaller footprint contribute to an 
overall lower cost of ownership than tradi-
tional positioning stages. 

Bearing system considerations 
Preloaded, contact based ball or cross 
roller bearings and linear motion guides will 
introduce small amounts of friction and as 
such would tend not to perform as well as 
air-bearing stages which are inherently fric-
tion and vibration free. Whilst contact type 
bearing systems will suit the majority of laser 
machining applications, maintenance must 
be strictly performed if they are not to intro-
duce small levels of vibration due to ball or 
roller engagement and inconsistencies such 
as debris build up. For these reasons, air-
bearing stages provide a better basis for the 
ultra high precision applications. 

Design considerations
Direct-drive technologies do bring with them 
some cautionary problems which must be 
addressed at the design stage (See ‘Direct 
drive systems – taking the direct route’ in 
Issue 42 pp16, March 2006). These include 
a stronger dependence of accuracy on ther-
mal expansion (due to the direct coupling of 
motor to stage) and the need for more care 
to damp the mechanical system, since with-
out damping its rigid connection will allow 
external harmonic disturbances to cause 
ringing. 

Motor cooling systems may need to be used 
much more frequently than in conventional 
applications but often simply reducing the 
motor power to a lower level will remove the 
thermal expansion problem.

For example, to optimise system set-up and 
remove harmonic disturbances, the Aerotech 
A3200 Automation Platform features a built-in 
analysis tools to analyse and record an open-
loop Bode diagram of the complete system 
as well as provide appropriate filter calcula-
tion; it employs four filters for each axis of 
motion and selectable notch filters for local 
resonance peaks or low-pass filters to isolate 
an entire frequency range.

Control Options 
Aerotech’s A3200 Digital Automation Platform 
includes Position Synchronised Output 
(PSO), which allows on-the-fly synchronisa-
tion of the laser’s pulse, power level and fir-
ing pattern with the position of a multi-axis 
positioning system. The PSO achieves this by 

acquiring the real-time position of all axes of 
motion on the A3200 using encoder feedback 
and by processing a two or three axis vec-
tor path to provide a control output for laser 
firing that is synchronised to the 2-D or 3-D 
contoured profile. (For extremely high accu-
racy requirements, Aerotech’s High Accuracy 
Linear And Rotary (HALAR) option provides 
interferometer calibration and micron level 
linear error mapping; the resulting calibration 
information being included as a look-up table 
in the A3200 motion platforms’ parameter 
file. PSO can be combined with the HALAR 
option.

Other powerful motion control commands 
to assist ultra-high precision applications 
include:

• Anticipating sharp corners and small 
radii on velocity profiles (using a look-
ahead algorithm) to further optimise path 
speed and acceleration under laser  
control. 

• Correcting very small but significant 
angular misalignment (deviation from 
orthogonality) on motion axes. 

• Matching in real time the trajectory kin-
ematic information (e.g. provided, for 
example, by a CAD system and trans-
formed into the position and velocity) 
to the positioning system under contro; 
thereby greatly reducing program-
ming complexity and allowing for rapid 
changeover to alternative part profiles.

Drive options
In the case of the Aerotech A3200 
Automation Platform, it sends position, veloc-
ity and time commands for each axis to dedi-
cated Ndrive digital drives where local closed 
loop motion control is performed. Available 
in a wide range of output voltage and cur-
rent ratings, both Pulse Width Modulation 
(PWM) and linear amplifier power stages can 
be driven from these units. Of the two, linear 
drives are preferred where the highest preci-
sion in circularity and contouring is required. 
With no PWM switching noise, these drives 
do not induce electrical noise into sensitive 
measuring devices and provide smooth cur-
rent through motion direction reversals.

For technical information, contact: 

Cliff Joliffe:
Aerotech Limited

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

Control

Circularity and precision for complex laser machined holes and geometries
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British Sculptor uses 
Camtek PEPS and 
Lairdside’s five axis laser 
for Los Angeles Exhibit 

British Sculptor Alastair Mackie used the 3D 
laser cutting capability of Lairdside Laser 
Engineering Centre's Prima Laserdyne 
machine and Camtek’s PEPS SolidCut 5-axis 
CADCAM software to produce his latest work 
entitled “Bipolar”: a genuine US Marine’s hel-
met into which has been cut an Islamic style 
fretwork pattern. The piece was exhibited at 
the Mark Moore Gallery in Los Angeles dur-
ing October and November. Six more pieces 
will be cut as a limited edition.

Not surprisingly the laser cutting of the item 
was not a simple engineering project. Martin 
Sharp, Lairdside Laser Engineering Centre 
(LLEC) manager explains “The whole project 
required considerable effort from Alastair, 
Camtek and ourselves. It's often the case 
that when an artist attempts to introduce a 
hi-tech engineering process into his work, 
what often appears as a relatively simple 
process becomes problematic as the bounds 
of the technology are pushed.”

The concept was straightforward: take a 3D 
scan of the helmet, superimpose the fretwork 

pattern and then cut it! A scan of the helmet 
was simple to procure, but the overlay of the 
pattern was by no means simple. Then, when 
LLEC received the imaging file they were 
able to look at its image but were unable to 
generate the necessary CNC programming 
code to control the laser cutting. At this point 
Camtek, suppliers of the PEPS CADCAM 
software worked on the computer model of 
the sculpture to ensure that the data was 
able to be processed by PEPS. 

Terry Antrobus, Director of sales at Camtek 
UK comments “The designer had used 3D 
Studio Max to generate the initial images of 
the piece in DXF, but this yielded in excess 
of 20,000 3D lines, but without 3D orientation 
they were of little use for generating a 5-axis 
laser tool path. What we were really after was 
a surface model of the component, but were 
told that this could not be provided from the 

imaging package. Working with Lairdside, 
an IGES file was provided which generated 
nearly 7,000 Wire Bodies‚ forming a 3D facet-
ted mesh representation of the helmet.

“Generating usable data from the thousands 
of unrelated 3D facets proved to be easy with 
SolidCut Laser. Applying the tool path was 
equally easy. Our Autocut function generated 
a complex 5-axis laser path including lead-in 
and lead-outs for all of the trims ˆ nearly 750 
individual cuts - within seconds.

“The cutting of the helmet was then relatively 
straightforward”, said Martin Sharp. “We 
used the automatic 3D fixture design func-
tion integrated within PEPS SolidCut Laser 
to generate a nest of interlocking plates to 
support the helmet during cutting. SolidCut 
Laser even nested and profiled these 2D 
plates for us.”

The piece was completed with only hours to 
spare before Alastair flew to Los Angeles for 
the exhibition. “I was overjoyed when the hel-
met arrived by Courier, the afternoon before 
my flight. To hold in my hands what I’d only 
seen on a computer screen was thrilling.”

Further info: 
Terry Antrobus  E: terrya@peps.com
Martin Sharp  E: martin.sharp@llec.co.uk

Case 
Study
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Multi-axis cutting
Prima's new 3D laser cutting machine

Prima Industrie's Rapido Evoluzione is its lat-
est generation of advanced 3D laser cutting 
machines. It integrates proven Prima compo-
nents and sub-assemblies within a radically 
new machine design to provide the com-
prehensive 5-axis capabilities from a proven 
model range.

The Rapido Evoluzione provides a 25% larger 
working envelope – with up to 4000 mm 
stroke in the x-axis – increased speed and 
twice the head acceleration of previous mod-
els,” said Joe Attuoni. “The system’s focusing 
head incorporates direct drive motors and 
transducers, with no gears, complex kinemat-
ics or backlash. In addition, the machine’s 
high dynamics enable it to achieve speeds of 
up to 1.5 rev/sec, combined with rotational 
accuracy of 0.005 degrees in all three axes.  

The new machine takes advantage of modular 
design concepts to ensure high in-service 
reliability and low maintenance. Furthermore, 
it extends the scope of the proven magnetic 
safety couplings that have featured on the 
company’s Optimo and Rapido models for 
more than 10 years, by permitting the com-
plete laser head to break away in the event 
of an accidental workpiece collision.  This 
not only avoids damage to the machine and 
workpiece, but also enables the head to be 
remounted straightaway – allowing production 
to continue with minimum interuption.

Further established features of the Rapido 
series incorporated in the new machine are 
an overhead cantilevered arm, flying optics, 
compact laser head and exceptional work-
piece accessibility, along with high manufac-
turing flexibility and low operating costs.  

The Rapido Evoluzione also boasts a new 
safety cabin, designed with Italian flair to 
mirror that of the company’s leading-edge 
Syncrono; which, 12 months after its launch, 
has underlined its capabilities as the world’s 
fastest and productive 2D laser cutting 
machine following installation at a number of 
user sites throughout Europe and the USA.  

Contact: Joe Attuoni
E: joe@primauk.com

Marking and engraving
ALFALAS®-laser systems of Tampoprint
Tampoprint AG is steadily implementing its 
development plans in the strongly expanding 
field of Alfalas®-laser systems. 

The worldwide well established laser mark-
ing Alfalas® "WSE" system is now offered 
with an integrated rotary table, providing two 
stations for marking and decorating of larger 
quantities in an economical way. Part feeding 
can be done manually or by robot; the sys-
tem is equipped with all necessary interfaces 
for automation purposes. The very compact 
design of this work station is perfectly suited 
for the integration in existing process chains.

UTC –crown caps
The development of the 
Alfalas® Promo “MOF” 
allows laser marking of 
the inside of crown caps 
(i.e. under the cap) of 
information (logo, text) for 
promotional purposes. 
The crown caps are 
marked “on the fly” while passing the scan-
ning head. In this way it is possible to laser 
mark variable elements at up to 1.500 crown 
caps per minute. For high volume lottery 
marking, not only high speed is requested: 
the process stability is top priority. For this 
purpose, all machine activities are recorded to 
allow detailed analysis at any time. 

Circumferential marking
The “MOF-Dimension” 
has been designed for 
high-speed marking on 
the circumference of 
rotationally symmetric 
parts (e.g. long caps) ‘on 
the fly’ One of the first 
applications was a vodka 
closure marked on the circumference (360°). 
The fully automated system can mark up to 
20.000 parts per hour. 

Synthetic cork marking
Tampoprint are offering 
a fully automated laser 
system for the marking 
of synthetic wine corks, 
a process that until now 
has been problematic. 
Conventional methods 
like offset printing have 
limited applicability due to poor ink adhesion, 
a lack of flexibility and problems regarding the 
applicable food additive regulations - laser 
marking overcomes all these shortcomings.

Contact: Steve Thompson
E: steve.thompson@tampoprint.co.uk

Sei offer Giotto 3 Axes Nd:YAG marker

Sei SPA, Italy have recently launched what 
they believe to be a unique 3 Axis Nd:YAG 
laser marker: a high quality laser beam cou-
pled with the largest work area presently 
available within the laser market industry. 
Fully designed and manufactured in Italy by 
Sei ,”La Tecnologia Laser Italiana nel Mondo”,  
Giotto Nd:Yag 3 axis combines the benefits of 
high quality diode pumped laser sources with 
the unsurpassed performances of a 3 axis 
controlled scanning head. 

The result is a system which ensures high 
quality marking on areas up to 500 x 500 mm 
with spot sizes lower than 90µm (30µm on 
small areas i.e. 200 x 200mm), with state-of 
the-art marking definition on components 
such as PCB’s, Night and Day panels, metal-
lic elements etc. where beam quality and the 
work area represent the key elements of the 
laser application.

The laser unit comprises a rail which houses a 
laser source, an integrated 3 axis scan head, 
and an additional housing contains the cool-
ing system and control electronics. 

The Giotto 3 axis YAG can be configured with 
different options. The dynamic control of the 
positioning of the focal point and spot size 
(automatic mode selector) are programmed 
via the software giving significant advantages 
and flexibility to the operator or integration 
within production lines. Giotto YAG also ben-
efits from a wide range of accessories such 
as XY tables, rotary attachment, Z axis, rotary 
table, automatic label loader, unwinding sys-
tem etc, creating a flexible work center for 
both workshops and industry. 

The YAG laser used employs diode pumping: 
specifications include a pulse repetition fre-
quency up to 100kHz and a beam quality of 
M2 < 1.2 in four different models with nominal 
powers of 30, 60, 80 and 120W. 

Laser Systems are the UK partners of Sei SPA

Contact:  Martin Taylor
E: mtaylor@lasersystems.ltd.uk
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High-efficiency Laser Marking from Rofin

Rofin’s new all-in-one laser workstation ‘SL 
Manual I’ provides user-friendly and efficient 
workpiece processing. Glove-box type access 
allows direct handling of small and medium-
sized batches without requiring the front 
covering to be opened. This concept helps to 
significantly reduce processing time.

Rofin’s new SL Manual I is a compact laser 
workstation that is capable of realizing a 
wide range of applications. This advantage is 
attributable to its modular construction, which 
integrates various different laser markers out 
of the Rofin product line, including YAG and 
Vanadate laser sources using lamp, end or 
side-pumped diodes, providing users with a 
great choice of different application possibili-
ties for efficient marking of small and medium-
sized batches.

With both the SLM I Basic and the SLM I 
Advanced, standard loading and unloading 
can also be carried out via the top-lifting front 
covering. For the marking of cylindrical piec-
es, an optional rotary axis is available.

Rofin have put extra emphasis on ergonom-
ics to ensure non-tiring and comfortable 
working – even during long marking batches. 
Seated or standing designs of workstation 
are offered. A large display screen, keyboard 
and touchpad mouse are integrated into a 
swivel-mounted operation interface. A large 
observation window provides direct sight of 
the spacious operating area.

In spite of its compact dimensions, the hous-
ing of the SL Manual I accommodates all sup-
ply units, facilitating efficient and flexible use 
of the production area and allowing the SLM 
to be moved to different locations without 
technical changes being required.

Rofin-Baasel UK Ltd now has the first ‘SL 
Manual 1’ unit in the UK ready to demonstrate 
at its offices in Daventry. 

Contact: Andy May
E: a.may@rofin-baasel.co.uk

Micromachining
Fianium and LLEC have big ambitions for 
Little laser systems.
Lairdside Laser Engineering Centre, University 
of Liverpool will soon take delivery of a new 
picosecond fibre laser system from Fianium 
Limited, Southampton, for characterisation 
trials as part of a DTI funded collaborative 
project, ULTRAFAST. The laser, a member of 
the FemtoPower series, has a wavelength of 
1064nm with a maximum pulse energy of 2uJ. 
The pulse length is 10 picoseconds with a 
pulse repetition rate from 1MHz up to 20MHz 
and an average power of 10W. 

ULTRAFAST is a collaborative project with 
Fianium Ltd as lead partner, Lairdside Laser 
Engineering Centre a partner responsible 
for materials processing characterisation, 
and the Photonic Crystal Fibres group of the 
University of Bath responsible for developing 
novel fibre geometries for incorporation into 
Fianium’s products. The project will run until 
April 2008.  

The new fibre laser system will be join-
ing a growing number of micro-machining 
laser systems at the LLEC in their NWLEC 
(Northwest Laser Engineering Consortium) 
Laser Laboratory. Martin Sharp, manager of 
the centre, is encouraged by the success of 
both this DTI project and the NWLEC project 

SL Manual I Advanced
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“I believe that it 
is important for 
Lairdside is to 
foster a close rela-
tionship with laser 
companies such 
as Fianium, bring-
ing our expertise 
in laser material 
processing to help 
the company 
exploit the laser source to its full extent.” 

John Clowes, R&D Manager for Fianium and 
project coordinator, is pleased with the poten-
tial outputs of the project: “We are quite a 
small company putting a lot of effort into the 
development of our world leading products. 
The collaboration with Lairdside will be a 
great benefit in developing materials process-
ing applications for these products”.  

Paul French, senior research fellow working 
on the project at Lairdside points out that the 
DTI project will benefit from access to the 
NWLEC Laser Laboratory supporting facili-
ties. “The facility has been well equipped 
with a new Wyko surface profiling system, 
an atomic force microscope and a number of 
traditional optical microscopes”

Contact: John Clowes, Fianium Ltd
T: +44 (0)2380 458776.

Welding
Trumpf securely welds copper sheet metal 
using disk lasers
Trumpf laser specialists were able to weld 
copper sheet metal 5 mm deep with a com-
bination of disk lasers of varying laser power 
in a one-time experimental setup. No one had 
ever been able to do this before. As a highly 
reflecting material, copper is extremely dif-
ficult to weld. In most cases, undesirable side 
effects occur, including blowholes in the weld 
seams.

The three disk lasers with 4 kW, 6 kW and 8 
kW laser output were fibre coupled together 
to provide over 16.5 kW at the workpiece. 
The resulting welding speed of 1.8 m/min sta-
bilized the extremely dynamic melt pool com-
mon to copper. The sheets, each measuring 
3 mm in thickness, were welded together 5 
mm deep as an overlap joint with excellent 
seam quality. For this experiment to be both 
secure and successful, the disk lasers had to 
be finely synchronized, an accomplishment 
ensured by the Trumpf Laser Network (TLN).

 “Whether this welding application is ready 
for mass production depends greatly on the 
welding speed and the chosen focus geom-
etry. More powerful lasers, such as those 
offered by Trumpf beginning December 2006, 

will permit even greater welding speeds and 
an expanded process window with consistent 
seam quality,” commented Gerry Jones.

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

Safety equipment
Laser Physics launch the new ‘Intellilock’ 
range of intelligent interlock systems 
The new ‘Intellilock’ range of intelligent inter-
lock systems from Laser Optical Engineering 
are informative, tamperproof, fail-to-safe, low 
voltage and have retrofit capability. They are 
designed to be suitable for both laser and 
machine applications and represent a step 
forward from currently available systems 
with intuitive displays and modern design. 
Each system can be configured to operate a 
number of door and equipment interlocks with 
each interlock node having a unique address 
so that the system will display which specific 
interlock has been disabled.

Features include: 
• Hard-wired interlock circuit – independ-

ent of software; 
• Fail-to-safe – power, tampering; 
• 8x256 Individually addressed interlocks;
• ‘Laser On’ sign outputs; 
• Laser shutter outputs; 
• Active intelligent monitoring; 
• Displays of locations of open and disa-

bled interlocks; 
• Key switched - locked in override mode; 
• Conforms to Machinery Directive, Low 

Voltage Directive, EMC Directive; EN 
954-1 (Category 4 safety system)

Options available include standard ‘Laser on’ 
sign (LED output) and advanced ‘laser info’ 
programmable to provide specific system 
information.

The interlock system is undergoing constant 
improvement with new features such as 
key coded entry control, portable battery 
operation and door information panels being 
developed. If you have any specific custom 
requirements then please call us to discuss as 
it is likely we can incorporate them into new 
designs. 

Contact: Peter Bennett
E: peter@laserphysics.co.uk
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Safety
Association of Laser Safety Professionals 
The recently formed Association of Laser 
Safety Professionals (ALSP) held its first AGM 
on Tuesday 19th September at the Institute of 
Physics in London.  

The Association was founded in January 2005 
by a group of nine leading experts in laser 
safety.  Most of the founder members sit on 
standards committees which set laser safety 
standards at both National and International 
levels, and all of them are deeply involved in 
laser safety in their professional work.  The 
ALSP aims to:

• Provide a forum in the UK for laser safety 
expertise

• Establish, promote and maintain high 
standards in the provision of laser safety 
services in all application areas

• Award the qualification of Certificated 
Laser Protection Adviser to those who 
are sufficiently competent and knowl-
edgeable in matters of laser safety

• Organise meetings, events and other 
appropriate activities relating to laser 
safety

Membership of the Association is open to 
experienced, practising laser safety profes-
sionals who possess, and can demonstrate, 
a sufficiently high level of knowledge of, and 
competence in, laser safety. The ALSP wel-
comes applications for membership from suit-
ably-qualified individuals. The Membership 
Criteria against which applications are 
assessed can be seen at the Association’s 
website  All members are granted certification 
as a Laser Protection Adviser (LPA) in their 
particular field (either medical / cosmetic laser 
safety or non-medical laser safety).

Speaking after the AGM, Chairman of the 
Association Roy Henderson stated: ‘We are 
keen to promote high standards in all fields 
of laser safety whether LPA certification is 
officially required in that field or not.  We hope 
that all those whose work involves a high pro-
portion of laser safety activity will wish to join 
the Association and help achieve its aims.’

At the AGM the ALSP officially adopted its 
Constitution and Rules.  Discussion was held 
about possible future work of the Association. 
Of particular note are plans to provide 
accreditation for laser safety training / trainers 
and the possible organisation of meetings on 
current issues in laser safety issues.

ALSP accredited Laser Protection Advisers include 
AILU Members: 
Mike Barrett (mikeb@prolaser.co.uk); 
Mike Green (mikeg@prolaser.co.uk); 
Paul Tozer (paul@lasermet.com)
Information: www.laserprotectionadviser.org

Lasermet accredited for laser testing 
At the end of September the UK Accreditation 
Service (UKAS) awarded Lasermet accredi-
tation for laser testing at its facility in 
Bournemouth.

The accreditation is the culmination of a rigor-
ous process of examination and evaluation 
that has lasted over 2½ years, and covers 
testing to EN / IEC 60825-1, EN / IEC 60825-
12 and EN / IEC 60601-2-22

While UKAS accreditation is not a legal 
requirement, most test houses and large 
companies will much prefer to use a UKAS 
accredited test facility, as the approval guar-
antees a high level of expertise, traceability 
and rigorous practice. Lasermet is the only 
testing laboratory to achieve UKAS accredita-
tion for laser testing other than the National 
Physical Laboratories in Teddington.

MD Paul Tozer said, ‘We are expanding our 
range of products and services on all fronts. 
We see the current UKAS accreditation as a 
first step. In the future, we intend to expand 
the scope of the accreditation to include opti-
cal sources other than lasers and LEDs.”

Contact:  Paul Tozer
E: paul@lasermet.com

Consultancy
Make It With Lasers 
Make It With Lasers is a 
technology transfer pro-
gramme aimed at creating 
new industrial laser users. 
Originally started as a DTI 
funded project over 15 
years ago, it has become 
an extremely popular and 
self-sufficient biannual 
event. Sponsored by a 
group of companies which 
include laser companies 
(users, manufacturers, con-
sumable suppliers), the programme runs two 
popular events per year. 

Combining technical presentations with live 
laser equipment demonstrations and exhibi-
tions, delegates are free to pick the brains of 
the speakers and sponsors. It provides a net-
working opportunity and chance to visit differ-
ent manufacturing locations around the UK.

Typically the themes for seminars have either 
a manufacturing flavour such as Electronics, 
Sensors and Medical, Construction and 
Engineering or, as in the most recent event,   
Laser Materials Processing in Aerospace. 

Contact: Eliana Fu
E: miwl@twi.co.uk

Eliana Fu, the MIWL 
contact person and a 
Senior Project Leader 
in the Lasers & Sheet 
Processes Group, TWI

Services

Job shop
Carr’s develop welding procedure for flat 
heat exchangers

Carr’s Welding Technologies have developed 
a welding procedure for the manufacture 
of a flat “Warmit” heat exchanger for A K 
Industries Ltd.

The under-shower-tray-heat-exchanger takes 
out heat from the waste-water from the show-
er and pre-heats the cold water coming in to 
the shower, thus saving money and energy, of 
course.

Carr’s make the 4 part heat exchanger on 
their big Trumpf CW robot welding laser, 
which welds the 2 thin sheets of stainless 
steel together. The complicated path welded 
into the sheet is then subject to a further 
process to create a lattice of water ways. 
Mains cold water is fed through this heat 
exchanger and the warm waste water from 
the shower flows over the surface. This has 
the effect of pre-heating the incoming water 
so that the instant shower element does 
not have to work as hard. Thereby reducing 
energy consumption by the shower.

The Development programme carried out by 
Carr’s over the summer, has perfected the art 
of jigging and welding the thin steel sheets 
together, so that good penetration is achieved 
all round the part. Running at 2.5m/min the 
5 metre weld path is welded in under 2 min-
utes. The product is then leak tested and 
then packed for shipment to A K Industries of 
Hereford who complete the heat exchanger 
with the plastic surround and all the fittings.

This brilliant but simple patented design, has 
been entered into a national competition for 
best energy saving product of the year and 
has been short listed. Carr’s hopes it wins 
and receives the publicity it deserves.

If the “Warmit” shower heat exchanger sells 
well, the energy saved by having pre-heated 
water in our showers will all help in the battle 
to reduce global warning.

Contact:  Phil Carr
E: phil.carr@carrswelding.co.uk
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The AILU INTERVIEW

Nearly all types of new lasers have had teeth-
ing problems when introduced – firstly in the 
research area and then in production situations. 
We hear very little of such problems with fibre 
lasers: is it that they are hidden or are there 
really no weaknesses in the technology?

New product introductions always involve an 
element of learning for both the producer and 
the user. Early adopters can often drive the 
new laser in inappropriate ways and produc-
ers, especially ones new to the laser sector, 
can fail to anticipate the demands of certain 
applications or environments. 

However, as you have said, fibre lasers have 
proved to be very reliable and the core tech-
nology is proving very robust.  Such failures 
as have been seen have often related to 
traditional electro-mechanical parts found 
across all laser types such as power sup-
plies and beam delivery optics. It is to be 
anticipated that with volumes rising and fibre 
laser designers getting more experience of 
the industrial application and environment this 
strong start will be built on further.  

 <>

The practical benefits of fibre lasers such as 
efficiency, size etc. seem clear but what do 
you think will be the main process benefits of 
fibre lasers?

The answer to this question will vary with the 
process itself but a few examples may help:  

• Users of our products in areas such as 
plastic and metal welding find the fibre 
laser’s beam quality enables a greater 
stand off distance from the work-piece. 
The fibre laser's depth of field enables 
greater process tolerance should part 
thickness vary.

• Mounting the laser head on a robot 
arm allows larger work pieces, complex 
geometries and hard to access areas to 
be welded.  

• The laser's pulse to pulse energy stability 
(better than 0.5%) enables an increase in 
spot weld repeatability and hence in yield 
for thin metal welding.

• In areas such as gravure (print plate 
engraving) the fibre lasers wide param-
eter control allows for the possibility of 
100kHz modulation and sub 10us pulses. 
The lasers produce the best possible ink 
transfer wells enabling less wear on the 
cleaning knife and faster production rates.

• In marking the fast rise time and rapid 
shut off time of the laser, coupled to the 
ability to adjust pulse widths to suit the 
process will increase the quality and leg-
ibility of the marks created. The repetition 
rate of up to 500kHz will improve indus-
trial throughputs.

 <>

Do you see fibre technology replacing CO2 
laser technology as the ‘technology of choice’ 
for traditional industrial processing systems (ie 
kW class (1-10kW) cutting and welding tasks) 
and if so, over what timescale? 

SPI is currently focused around the Marking 
and Micro (sub 1kW) laser sectors and so 
would not expect to act as a spokesperson or 
information point for heavy industrial cutting 
and welding applications. Trends in the sheet 
metal cutting area remain interesting with 
plenty of debate at conferences surrounding 
the advantages and disadvantages of fibre 
lasers for thick metal cutting.  It is even pos-
sible that new process ideas such as super-
sonic gas assisted cutting will enable low 
power fibre lasers to gain a foothold within 
the application.  

The picture appears clearer in the macro 
welding sector with excellent results from 
fibre lasers presented from a wide variety of 
sources. The debate seems to be settling 
around the issues of operational and capital 
costs and trends in both these look to favour 
the fibre laser as well.  Heavy industry, such 
as the automotive sector, is very conservative 
and the capital cycles are long.  It may simply 
be a case of time and familiarity to introduce 
fibre lasers though a choice of supplier would 
certainly help.

 <>

Why did you pull out of high power laser  
market?  

We were actually never in it in an industrial 
sense, only in a technology sense. We did 
demonstrate world leading R&D results that 
bode well for our future but industrial appli-
cations require more than just advanced 
technology. 

 <>

Can fibre laser technology become a UK plc 
success? If yes, what measures might be 
needed to keep the UK ahead of other coun-
tries, such as China?

SPI is a UK listed successful fibre laser com-
pany so our answer is not  “can this be a UK 
success story” but  “can it continue to be as 
volumes rise”. As the technology matures and 
volumes rise then standard product lifecycle 
management techniques will be deployed 
with high volume but low cost lasers being 
manufactured in appropriate facilities and 
newly introduced models being produced 
closer to the main engineering and technol-
ogy centre.

 <>

In the mid-1980s SDL introduced nicely pack-
aged (inc TEC, thermistor, etc) 0.5W and then 
1W diode chips, I recall at ~$5k and ~$10k ie 
$10k/W. Similar packages to 5-7W and with 
fibre pigtails can now be bought from China 
for ~ $150/W for 1-10off and less than half 
this at 1000-off ie they have become com-
modities. Is this the likely pattern for low 
power (0-10W) fibre lasers with better beams? 
What are the likely mass markets (now, evolv-
ing) for products in this power/performance 
range?  

The higher volume applications we see today 
are in Marking and Medical. That said the 
world of lasers has many examples of the 
technology finding a home in volume markets 
that were not originally foreseen. The key is to 
have a volume scalable platform: we believe 
we do have this in our patented GTWave

 <>

Do you foresee the likely cost base being 
achieved (eg by volume production/mass 
manufacture) that will really allow the indus-
trial market for high power fibre lasers to 
be opened-up ie to the point where most 
machine shops will have at least one laser 
cutter and a laser marker?  Will power laser 
sources remain a niche/cottage industry or 
will we see some $billion size companies in 
5-10yrs?

Technical trends in pump diode power and 
fibre efficiency certainly favour the idea that 
the required cost base will be achieved.  I 
think some trend graphs from the time the 
first high power fibre laser was launched 

The SPI Fibre Laser Business  
Interview with John Tinson, SPI Vice President, Salel
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European projects
I read with interest Neil Main’s piece in Issue 
44 'Job shop experience of EU collaboration'. 
Is this the norm? Are they a waste of time?

At Liverpool we worked on a FP5 CRAFT 
project. Although we were not technically 
the project leader (this has to be one of the 
SME’s) we did our best to take away the 
bureaucracy. Also, despite the fact we were 
down to do the majority of the experimental 
work, we tried to ensure all the SME mem-
bers were as involved in the project as pos-
sible. At the end, two of the four SME’s had 
positive outcomes from the project, and no 
one was out of pocket. 

But I am not surprised to hear of Neil’s expe-
rience. EU funding is a big pot of money for 
the “RTD performers” (i.e. Universities and 
Research Institutes) to grab at. Regretfully 
some organisations forget the real reasons 
the funding is there and almost see the only 
need for SME’s as being necessary to make 
the numbers up.

Once I received an invite from a well known 
European laser research group to join a 
project on the spot welding of shape memory 
alloys. Firstly, of course, the organisation had 
not done its homework – we are not an SME 
at Lairdside. However I thought a colleague, 
who uses laser spot welding to repair medi-
cal instruments, might be interested; perhaps 
more from a net-working and promotional 
point of view. 

I passed on his details to the European insti-
tute. As a result he received a fax of the EU 
application form with the message “Don’t 
worry. You won’t have to do anything, we will 
do the work.” No work plan, no budget; just a 
request to sign the form. 

My colleague replied  that he wanted to be 
involved; he wanted to do some of the laser 
work. “I need to know what I can do and how 
much I am signing up for,” he said. An almost 
threatening reply was returned: “we have to 
have the application in tomorrow. Don’t worry. 
Please sign; that’s all you have to do.” He 
didn’t.

I’m not suggesting that Neil’s project leaders 
were so ruthless. But there can be the men-
tality of ‘we are the clever ones, we only need 
you on board to keep Brussels happy’.

Like Paul Hilton, who invited AILU members 
to consider collaborating with TWI, we too are 
interested in working on EU projects. We both 
recognise the need to have the right partners 
on board, partners who actually bring more 

Some time ago a cus-
tomer with a CO2 laser 
used for cutting, asked 
me to visit and check 
out some optics in his 
new laser. After sorting 
that out, he asked if we 
reworked used optics, 
as he had collected 
quite few. He opened 
his desk drawer, and 
brought out what would 
best be described as a fossilised pumice 
stone, saying that it was a copper mirror.

I remarked that they were probably a bit 
too far gone to have any hope of being 
reclaimed, but what on earth caused such 
damage?.

He told me that the afternoon before a bank 
holiday, they had noticed that the chiller was 
almost dry, and had a lot of cutting work 
to do with the laser over the holiday. They 
contacted their chemical supplier and asked 
for an urgent delivery of several barrels of 
de-ionised water in the next hour or two. 
The supplier said they didn't have any, and 
couldn't help. Shortly afterwards though 
the supplier called back, and said they had 
found several old and very dusty drums in 
the warehouse, but as it was urgent it would 
probably do the job.

The barrels were delivered, the chiller 
refilled, and off they went. Shortly after 
things started to go very wrong. Steam and 
smoke poured out the laser cabinet like 
a demonic dishwasher, and water started 
flooding out, eventually the base on which 
the blower was mounted fell out of the laser 
onto the floor. The dusty drums of "water", 
were actually concentrated sulphuric acid.

Name and identity withheld to protect a 
reputation!

Greatest Cock-upLETTER TO THE EDITOR

EDITORIAL

to today (viewing power and purchase 
price) would show just how much has been 
achieved in a relatively short period. Fibre 
laser companies with valuations at $1bn+ can 
easily be forecasted on current trends but for 
annual turnovers to reach these and higher 
levels new applications are required. The 
overall answer to the question is yes given 
sufficient time and good execution.

 <>

What is your strategy for competing with 
IPG's vertically integrated cost base - espe-
cially diode manufacture?

Partnering with the world leaders and nurtur-
ing our own core competencies. No market 
was ever made with a single supplier and 
many approaches exist to allow competition 
within this sector for the future.

 <>

What do you think will be the main issues for 
fibre lasers to gain general acceptance, and 
then become the laser of choice for many 
applications? 

Of course in many applications the fibre laser 
has already become the laser of choice, but 
it is true that there are still applications where 
the fibre laser is only just starting to gain 
acceptance or has perhaps not yet even be 
tried.

It is important in many markets that users are 
offered a choice of supplier, at certain power 
levels market development may be held back 
by the issue of there being one sole supplier.  
This is changing as SPI introduces new prod-
ucts and it will be interesting to see if new 
suppliers launch at Laser 2007 in Munich.

Another important point towards the wide-
spread acceptance of fibre lasers is applica-
tion development. It is important that the work 
is carried out within laser research establish-
ments and the application labs of the suppli-
ers to prove the laser specifically for particular 
applications and then optimise the processing 
conditions. This information then needs to be 
made public on the internet and at confer-
ences allowing users to copy the results on 
their production lines.  SPI aims to create a 
global partnership of academic institutes and 
application centres with resulting data freely 
available on the SPI web site and presented 
as a recipe to successful processing for each 
typical application. •

than just a signature to the project. Without 
this the project will not produce the necessary 
impact.

Sorry to hear of your experience, Neil. Oh, 
but please can we have your signature on this 
piece of paper please…

Martin Sharp     Lairdside Laser Engineering 
Centre, University of Liverpool

AILU Interview (continued)
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EDITORIAL

There are many clichés and sayings float-
ing around regarding lasers and photonics in 
general. The “No Mr Bond, I expect you to 
die,” quote from Goldfinger has always been 
my favourite when lasers are turned on in 
front of guests who are unfamiliar with what 
a laser is. It makes up for their dissatisfaction 
in not seeing a large red laser beam cutting a 
couple of inches of steel using a lens of about 
a 2 metre focal length. Telling them that the 
beam is invisible doesn’t compensate for their 
disappointment and reinforces their view that 
lasers are some class of magic, but the quote 
does often raise a smile at least.

One other cliché, or series of clichés, sur-
rounds the word photonics: “The electronics 
of the 21st century”, “What the electron was 
for the 20th century, the photon will be for the 
21st” and the like. Fortunately for us, some of 
the people who are spouting these clichés are 
in positions of power and, more importantly, 
have money to dispense!

On the 5th December, a meeting was held in 
Brussels by the Photonics21 (P21) group. This 
was their second annual meeting, attended 
by about 400 industrialists, academics and 
government officials. P21 is a European 
Technology Platform, one of 31 (see http://
cordis.europa.eu/technology-platforms/indi-
vidual_en.html). Their particular aim is to set 
the agenda for research in photonics within 
Europe for the next several years. This means 
that their immediate task is to persuade those 
in the EU who determine what specific top-
ics will be called for in the EU Framework 
Programmes – the one just about to start is 
the seventh programme, FP7 – that such-
and-such topic is a worthy one to ask for pro-
posals against. FP7 will start in January 2007 
and end in 2013 with a total budget of €53 
billion – not an insubstantial sum.

Most of the meeting in December discussed 
ways of developing FP7 projects as photonics 
already features highly in FP7, with an esti-
mated €90M ear-marked in 2007-8 just for 
photonics based proposals – an increase of 
over 40% on FP6. The European Commission 
will also create a dedicated unit just to look 
after photonics and this will be headed up by 
Thierry van der Pyl who was head of Future 
and Emerging Technologies at the EU. This 
will be a tremendous help as all photonics 
relevant FP topics should be accessible from 
one location on the EU web site from January 
next year.

So far P21 have recommended two 
approaches to enhance photonics R&D in 
Europe: 

• higher European and national expendi-
ture on research and development in the 
photonics;

• a pan-European strategic approach. 

Both of these seem to have been accepted by 
those with the money and power in Europe.

P21 has stated that the importance of phot-
onics can be seen by the leverage it exercises 
on other leading sectors such as the automo-
tive industry, medical engineering, and infor-
mation and communication technology. 

While over 200,000 jobs throughout Europe 
are directly anchored in photonics – two 
thirds of them in SMEs – two million jobs in 
the manufacturing industry, or 16% of the 
entire working population, are dependent on 
these technologies and, by inference, photon-
ics. The productivity and competitiveness of 
these sectors depends to a large extent on 
research, development and subsequent prac-
tical application of photonics. 

The P21 platform provides a forum for all 
players in the photonics industry in Europe. 
By drawing members from industry, research, 
politics and professional associations, P21 
acts as an interface between the EU and 
industry, and provides a means of directing 
research towards practical applications. P21 
has over 500 members from 21 EU mem-
ber states and 6 other countries. They have 
elected Alexander von Witzleben, chairman 
of the executive board of JENOPTIK AG, as 
the president of P21. The members of its 
executive board come from leading European 
companies such as TRUMPF Laser and 
Electronics Division, Bookham Technology 
plc, Sagem Défense Sécurité, Philips Lighting 
B.V. and Carl Zeiss AG.

P21 have defined several research priorities 
grouped into 7 research themes which they 
proposed to the EU for the first FP7 calls*. 
Topics range from 'high brilliance lasers' 
and 'photonic material processing for new 
solutions and products' to 'novel large-area 
processing for high-performance displays' and 
'Photonic integration technologies for chips'.

We have been told that some of these have 
already been selected for the first call in FP7 
(details of which are due to be announced on 
December 22nd). You can see from the list 
that it covers many areas in which AILU mem-
bers operate, especially topic 2. So it is vitally 
important that you look at the calls coming 
out of Europe to see if any align themselves 
with your future R&D aspirations. Depending 
on your size and status, grants of up to 75% 

of the cost of the R&D can 
be paid for by FP7. 

I would urge any of you 
who are interested in 
working with European 
partners on an R&D 
project to join Photonics21 
and to keep an eye out for 
FP7 calls. You can apply to join at http://www.
photonics21.org/

How does all this affect and interact with the 
DTI funded Photonics Knowledge Transfer 
Network which was explained in the previous 
issue of this magazine? The answer is: very 
closely. The two main DTI contacts under the 
PKTN attended the meeting in Brussels on 
the 5th. While the PKTN provides resources 
for networking events, (and this will include 
interaction with networks like P21), it does 
not provide resource for R&D projects. In the 
UK, these are be provided by the counterpart 
to the KTN initiative in the DTI’s Technology 
Programme – called Collaborative R&D (see 
http://www.dti.gov.uk/innovation/technolo-
gystrategy/technologyprogramme/CR&D/
page11705.html)

The current calls under the DTI Collaborative 
R&D programme, together with total amounts 
of funding available include £7.5M for 
'Bioscience and healthcare: Technologies for 
development and manufacture of biophar-
maceuticals'; £7.5M for 'Sensors and imag-
ing for medical, security and environmental 
applications'; and £5M for 'Plastic electronics: 
Novel materials, deposition and patterning 
techniques' 

These topics, while relating to photonics, 
have less relevance to the traditional AILU 
membership than the FP7 themes. So, one 
might conclude, if you want to offset some of 
your future R&D costs it is worth looking at 
FP7 funding possibilities. (See the photonics 
web site of FP7 at http://cordis.europa.eu/
fp7/photonics/). Granted, you’ll need to find 
EU partners, but so do they. The PKTN will 
be able to help you in this area using its own 
network of contacts.

Getting involved in a collaborative EU project 
is not everyone’s cup of tea, but don’t dismiss 
it out of hand. Talk to those who have been 
involved in them in the past and discover if it 
could be something you’d be interested in. It 
is, after all, UK tax-payers’ money we are try-
ing to access via Europe!

* The full list of the research priorities recommended 
by P21 are listed on p1 of this issue.

PRESIDENT'S MESSAGE
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but I’m going to take my £112 down to the 
local curry house… 

John Powell is a Director of Laser Expertise Ltd, 
Nottingham UK
T: +44 (0)115 9851273 
E: jpowell@laserexp.co.uk

EDITORIAL 

There are so many ‘ifs’ and ‘buts’ to laser 
cutting that I always thought that a British 
Standard for the process would either 
have to be as detailed as a textbook or as 
short and uninformative as Ronnie Corbett. 
After reading BS EN ISO 9013:2002 ‘ 
Thermal cutting – classification of thermal 
cuts – Geometrical product specification 
and quality tolerances’ I am unhappy to 
announce that things are even worse than 
I thought.

This badly written, badly translated, hopeless-
ly ill-informed pile of  ____ (rhymes with ‘trap’) 
is marketed by BSI at £112 – only £4.48 per 
page. The only possible justification for the 
price must be the humour value of some of 
the ‘babel fish’ translations eg. ‘Not any qual-
ity tolerance and any geometrical product 
specification can be obtained by any process 
and any material.’ Well … I’m glad we got that 
cleared up.

As for ill-informed, how about this:

‘… aluminium, titanium, magnesium and their 
alloys… as a function of the alloy’s granular 
structure, rippled surfaces result …’ 

Well, I’m sorry to break this to the authors, 
but all alloys have a granular structure … and 
rippled surfaces are not caused by granular 
structures anyway.

Only two pieces of fairly obvious 
information can be saved from the 
wreckage:

1. Laser cutting gives a more 
perpendicular cut edge than 
oxy-fuel cutting, which, in 
turn, gives a more perpen-
dicular edge than plasma 
cutting.

2. Laser cutting gives a 
smoother cut edge than both 
oxy-fuel and plasma.

These two points have been 
common knowledge since the 
early 1980s – on the one hand 
we don’t expect news from a 
British Standard – on the other-
other hand we would expect the 
established facts to be presented 
clearly and with a fair bit of use-
ful detail. Neither of these figures 
even tell us what material is being 
discussed or what the cutting 
conditions are – but never mind 
– we are offered the following 
helpful comment;  ‘depending on 
service conditions and used technology, quali-
ties significantly different can be obtained’… 
Mmmmmm.

So what can I say? … let’s all rush out and 
buy a copy? … well, I don’t know about you, 

A standard for laser cutting?

The laser cutting job shop sector provides an excellent service to customers. In the vast major-
ity of cases, customers can be confident that the quality of the cut will be at least as good as 
required; so why might we need a formal standard? Clearly there is the quality assurance argu-
ment (see, for example 'Quality assurance and audit trails' Issue 40, p13) and there are examples 
of major manufacturers in the aerospace and automotive sectors devising their own specifications 
for laser processes. 

Yet while intuitively it may seem important to have a definable quality standard for laser cutting, 
very rarely do we hear of job shop customers in serious dispute over the quality of the laser cut 
components: one may well ask who such a standard would be aimed at? And having such a doc-
ument could open up a minefield of problems (see, for example, John Powell's article 'Tolerance 
and quality issues in laser cutting' Issue 42, p26) and there would be serious concerns as to how 
it might be used and abused. Given the current high level of satisfaction of job shop customers it 
is likely that the job shop service sector would be unnecessarily penalised by having to meet such 
a standard, 

To some degree the above discussion is academic, for there indeed already exists a standard that 
applies to laser cutting (and other thermal cutting processes), one for which the laser job shop 
community and their customers appear to have been blissfully unaware. But perhaps its low pro-
file within the laser community belies its value and relevance? We asked a selection of job shops 
and researchers to comment. 

A British Standard for laser cutting – an endless list or a listless end?

John Powell

Figures presented in BS EN ISO 9013:2002: (top) Figure A1: Typical cutting 
qualities achievable with perpendicular or angular tolerance (mm)  (bottom) 
Figure A3: Typical cutting qualities achievable with mean height of the profile 
(µm). In both cases results are shown  for workpiece thickness up to 30 mm.  
Key: l Oxyfuel flame cutting    s Plasma cutting    n  Laser cutting  

Issue 45.indd   20 13/12/06   08:00:32



The Industrial Laser User       Issue 45, December 2006 19

EDITORIAL 

John Powell's response to BS EN ISO 9013 
makes interesting reading and is understanda-
ble from a job shop viewpoint. However, when 
TWI have reported on laser cutting experi-
ments in the past we have found it useful to 
make reference to the earlier DIN2310 as well 
as this newer standard (see, for example, the 
TWI paper 'Effect of steel composition on 
laser cut edge quality' Issue 30, p28). 

We mainly perform roughness and square-
ness measurements as specified and put our 
resulting cut quality into one of the thickness 
dependent quality 'zones' available. Our rea-
sons for using (parts) of these standards, are 
that we can obtain some degree of quantifica-
tion of the surface quality, which does not rely 
on either visual inspection or a photograph. 
We are all aware that laser cuts can be made 
to look very smooth, or very rough, simply by 
different approaches to lighting the cut edge. 

Having said this, the position of the rough-
ness measurements is critical to any numeri-
cal conceptualisation of the smoothness of 
the cut. We all know that any laser cut worth 
its salt (to slip into John's vernacular) really 
needs to have no or very little dross but that 
the cut quality, in terms of striations, varies 
down the depth of the cut. To compensate for 
this, the older DIN2310 specified a measuring 
point for roughness 2/3 down the cut, thereby 
giving emphasis to the rougher part of the cut. 
However the newer standard, I think, calls for 
a measurement 1/2 way down the cut which 
provides less information for the experienced 
observer. 

A better alternative (which is not that much 
harder using today's automatic roughness 
measuring equipment) would be to measure 
the roughness at 1/3, 1/2 and 2/3 down the 
depth. In this way some numerical picture of 
how the roughness is changing with depth 
could be established. I think this would be 
significantly better than a single measurement.

Paul Hilton   TWI

I think John Powell has some justification for 
his comments on BS EN ISO 9013:2002. As 
noted in the forward the standard was pre-
pared by a welding committee so perhaps 
this isn't so surprising! However, the standard 
does have some good points, including:

1 It provides a useful and reasonably com-
plete definition of terms related to the 

Wanting to look at the earlier articles referred to in this piece? If you have internet access then the quickest 
way is to log in to http://www.ailu.org.uk and enter in the search box on the home page the name of the author 

or even a key word in the article's title. 

Your user name is your surname but have you forgotten your password? - If so, simply click 'log in' and then  'Help! 
I've forgotten my password' - it will immediately be emailed to you. (And if you haven't done so already, why not click 
on 'edit details' and change your password to something memorable?)

TIP

laser cutting process.
2 It provides clear illustrations of what to 

measure to characterise the cut surface.
3 It provides useful information about 

the requirements for measurement, the 
measuring conditions and locations.

4 It classifies the angularity (perpendicular-
ity) and divides the surface roughness 
tolerances into ranges, allowing a suit-
able range to be specified according to 
the cutting application.

5 Dimensional tolerances are specified and 
tabulated. (We note, however, that the 
kerf width should be known and allowed 
for by the machine operator in making 
the cut.)

The  main weaknesses I see with the stand-
ard are that it does not address the surface 
striations on the cut edge and that it is not 
well arranged or written. Much could be 
gained by improving the sentence structure. 
Also, there is scope for improvement in 
specifications of angularity (perpendicularity) 
and the surface roughness parameter also 
some other quality measures (e.g HAZ, micro 
cracks) should be specified, depending on 
the cutting application.

The reader must also appreciate that it is a 
standard not a handbook, and is not intended 
to provide advice of how to achieve a particu-
lar cut quality

On reflection, I may be being overly optimis-
tic; but having spent most of my life in the 
third world I have learned to get as much as I 
can from what I have!

Mohamed Sobih 
PhD student, Laser Processing Research 
Centre, University of Manchester 

I think John has summed it up very well. The 
standard is garbage. Whether or not we need 
a standard is another matter. 

I can understand that certain industries, for 
example aerospace and Formula 1, may find 
it useful to be able to tie subcontractors down 
to the nth degree but if adherence to a stand-
ard were to be commonly (over) specified we 
could find ourselves in all sorts of bother with 
tractor brackets, gussets and a host of other 
components where plus or minus half an inch 
is a bonus.

I am sure that established laser job shops 
have nothing to fear with regards to working 
standards but let's not be too hasty in creat-
ing a rod for our own backs. Personally, I 
would rather see benchmarking.

Dave Lindsey   Laser Process

This standard is nowhere near good enough. 
It is confusing, poorly written and too much 
is left open to interpretation. In my opinion, if 
we have to have a standard, then it must be 
written clearly and accurately with the active 
input of a recognised expert in laser cutting, 
preferably one  such as Dr John Powell who 
also has an awareness of its potential com-
mercial consequences.

Tom Mongan   Subcon

Any process standard or set of standards 
should roughly fall into the s.m.a.r.t. test com-
monly used for targeting, i.e.

a) Specific
b) Measurable 
c) Appropriate
d) Realistic
e) Timed. (Or in this particular case, we 

could substitute trusted)

Judging BS EN ISO 9013:2002 by the s.m.a.r.t 
criteria it seems to me to fail. Just one exam-
ple is the data shown in the two graphs repro-
duced in John Powell's piece. The information 
gathered for laser cutting stops at 10mm 
thickness, significantly below the current 
limits for laser-cut steel (assuming the charts 
relate to steel, which is likely), yet it is at the 
laser cutting limit of thickness that a standard 
would be most useful to the end-user, and yet 
there is nothing shown. Appropriate? No.

Laser cutting is a broad subject in itself 
– there are many different types of materials 
that can be laser cut and many laser types 
used for cutting, all giving significantly differ-
ent results. Specific? No.

I worry that the standard will give neither the 
laser cutter nor the client anything “smart” 
to use in order to establish whether supplied 
parts are of a suitable quality. It therefore 
can’t really be a trusted standard, can it?

Martin Cook    Cutting Technologies
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BUSINESS

The early history of lasers is closely 
intertwined with the world of pat-
ents.  A famous dispute arose over 

who was the first to invent the laser, and 
who was entitled to have patent protec-
tion for it.  Gordon Gould, a postgraduate 
student at Columbia University, was work-
ing on how to extend the known maser 
into the infrared.  At the same time, Arthur 
L. Schawlow and Charles H. Townes, at 
Bell Telephone Laboratories, were work-
ing on the same problem.  Both parties 
independently realised that by putting mir-
rors on either side of the gain medium in a 
Fabry-Perot type arrangement, an optical 
resonator could be formed which would 
allow optical pumping of the gain medium.  
Schawlow and Townes filed a patent appli-
cation and published their work in Physical 
Review. Gould did not file his patent appli-
cation until some months later.  This led 
to a dispute as to who was entitled to the 
patent for the laser.  The dispute, including 
litigation relating to infringement of Gould’s 
patent, was not finally settled until the late 
1980’s.

This article reviews the strategies used by 
both sides, and mistakes that were made 
along the way.  It applies these to the modern 
day to help you to make the right decisions in 
relation to your own intellectual property.

When should a patent application be filed?
Schawlow and Townes filed their patent 
application in July 1958. The publication of 
their work in Physical Review took place in 
December 1958.  By filing a patent applica-
tion before publishing their work, Schawlow 
and Townes took into account the golden 
rule of the patent system. Once an idea has 
been published, it cannot usually then form 
the basis of a valid patent application. This 
rule is not limited to formal publications; any 
disclosure of the invention other than under 
conditions of confidentiality is usually enough 
to prevent valid patent protection being 
obtained. 

Schawlow and Townes filed their patent 
application promptly.  Gould on the other 
hand mistakenly believed that he could not 
file a patent application until he had built 
a laser.  Since he was unable to do this at 
Columbia, he moved to Technical Research 
Group Inc (TRG). He did not file his patent 
application until April 1959.  If he had filed his 
patent application at the earliest opportunity 

instead of delaying filing, then the strength of 
his position in the patent dispute would have 
been improved immeasurably.

The lesson here, which remains as true today 
as it was in the 1950s, is that your competi-
tors may independently be working on the 
same problem as you.  If you invent a solution 
to that problem then you should file a patent 
application as soon as possible, to minimise 
the risk that your competitor beats you to it.  

There is a notable exception to the rule that a 
valid patent application cannot be filed after 
an invention has been published.  In the US 
there is a grace period of 1 year after the 
publication of the invention by the inventor, 
during which a US patent application may 
be validly filed.  A US patent is often com-
mercially valuable.  Therefore if you have 
published an invention and then subsequently 
decide that you wish to file a patent applica-
tion for it, the possibility of filing a patent 
application in the US should be investigated.

What is needed when filing a patent  
application?
How much earlier could Gould have filed his 
patent application, and what exactly is need-
ed for a valid patent application?  

The notion that an invention must have been 
built before a patent application may be filed 
is a common misunderstanding. A valid pat-
ent application may be filed irrespective of 
whether or not the invention has been imple-
mented in practice.  The benchmark used by 
the law is that the patent application must 
describe how the invention may be imple-
mented, with sufficient detail that someone 
with the relevant background knowledge can 
implement the invention. In Gould’s case, 
although he did not have access to the mate-
rials needed, if he had described how those 
materials could be put together to make a 
laser, this would have been enough for a valid 
patent application.

In some cases, if you have not implemented 
an invention, you may not be sure whether or 
not it will work. If you file a patent application 
which does not describe a working imple-
mentation of the invention, then any resulting 
patent will be invalid. Schawlow and Townes 
fell victim to this, when a 1973 decision by 
the US Court of Customs and Patent Appeals 
held that their patent did not adequately 
describe optical pumping of a laser medium.  

A difficult balancing act arises. On the one 
hand if you file too early then you might run 
the risk that you have not described a work-
ing implementation of your invention.  On the 
other hand if you file too late, your competitor 
may file before you. My advice would be to 
file a patent application when you are able 
to describe an implementation of the inven-
tion, even if you are less than 100% sure 
that the implementation will definitely work.  
During the next year, you can add additional 
information to the application by filing new 
patent applications which claim the ‘prior-
ity date’ (the original filing date) of the first 
application. In this way additional detail may 
be added to the described implementation 
of the invention, and other implementations 
of the invention can be added.  If it turns out 
that the first described implementation does 
not work, then the effective date of the patent 
application will be the date upon which the 
first working implementation was added to 
the application.

Is it necessary to countersign lab books?
Gould made notes in his lab book, and had 
them notarised to provide proof of the date 
on which the notes were made. Does this 
have a meaningful effect, and should this be 
done by researchers today? 

There is a fundamental difference between 
US and European patent law. US patent law 
is based on the rule that the first person to 
make an invention is entitled to a patent for 
that invention.  European patent law is based 
on the rule that the first person to file a patent 
application for the invention is entitled to the 
invention.  This ‘first to file’ rule also applies in 
all other industrialised countries.

Gordon Gould’s laser patent: lessons from history

Peter Roberts

A lesson on patents from Gordon Gould's experience. 
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Gould’s notes were useful in the US in the 
patent dispute, but were of no use whatso-
ever in Europe.  One of the reasons that the 
patent dispute went on for so long is that 
it can be very difficult to determine exactly 
when an invention was made. Under US law, 
it is not sufficient to merely have an idea, one 
must then develop this idea into a working 
implementation (this could be on paper). In 
addition one must have done so diligently, i.e. 
without undue delay. In this particular case, 
Gould was found not to have done so.

These days almost all research is written up 
and recorded using computers. An idea writ-
ten up and stored on a computer automati-
cally includes a date which can be used to 
indicate when the idea was recorded. Many 
companies use ‘invention record’ forms to 
record inventions, which should be sufficient 
for this purpose. Wherever possible the inven-
tion record should include an explanation of 
how the idea could be implemented.  In my 
view whilst it is important to have good inven-
tion records (not least for internal administra-
tion purposes), it is more important to ensure 
that patent applications are filed promptly. In 
Europe, filing your patent application promptly 
reduces the risk that a competitor will file 
before you and be granted the patent. In the 
US a patent application could be used to 
show that, on the filing date of the applica-
tion, you had written a working implementa-
tion of the invention. This will be very helpful 
if you need to prove that you were the first to 
devise the invention.

Include plenty of detail in your application
As the patent dispute rumbled on, Gould 
(TRG) received a UK patent in 1964 relating 
to the use of Brewster’s angle. Gould was not 
entitled to a UK patent for optical pumping 
of the laser medium, since Schawlow and 
Townes were the first to file a patent appli-
cation for this idea. However, since Gould’s 
patent application included a description of 
the use of Brewster’s angle, which was not 
suggested by Schawlow and Townes, he was 
entitled to a patent for this idea.

This is an example of why it is important to 
include plenty of detail in a patent applica-
tion. In a situation in which you find that you 
are unable to get a patent with broad claims, 
you may wish to narrow the scope of protec-
tion that is claimed by your patent applica-
tion.  Often it is possible to pick a feature 
from the description of the invention, and use 
this as the basis for amending the claims of 
the application.  This feature may be useful 
in limiting the activities of your competitors, 
thereby providing you with a valuable patent.  
Since it is often difficult to know at the time 
of filing a patent application which features 
will turn out to be important, it is generally 

the case that the patent application should 
include as much information as possible.

Protect further developments of your 
invention.
Gould (through Control Data Corporation) 
was granted additional patents in the UK  
and other countries in the late 1960s. These 
patents did not stem from his original patent 
application, but from entirely different patent 
applications which he filed in the mid 1960s, 
and related to improvements of the laser.    

This is an example of an important aspect 
of patent strategy. There is an inherent risk 
associated with relying on a single patent 
application to protect an invention. It may be 
tempting to rely on a single patent applica-
tion, particularly if the application has claims 
which cover a broad subject area. One could 
take the view that this is sufficient to block 
competitors, and so no further protection is 
needed. However, there will always remain a 
risk that the patent will not be granted, or will 
be found invalid when you attempt to enforce 
it in a court. For example, one common way 
in which a competitor may attempt to invali-
date a patent is by finding a prior art docu-
ment (i.e. a publication which predates the 
priority date of the patent) which describes 
the invention or something very similar to the 
invention.  If your competitor is successful in 
doing this then you may lose your patent.

If the invention is of particular importance to 
you, it is preferable to file additional patent 
applications which protect improvements of 
the invention. In general, each improvement 
should be inventive in its own right. Using this 
filing strategy builds up a wall of protection 
which is likely to be most effective in blocking 
your competitors. If you have patents protect-
ing improvements of the invention, then even 
if your main patent falls, your competitor will 
still be prevented from selling improved imple-
mentations of the invention, since these are 
protected by your other patents.

Exploitation of Patents
Gould was eventually able to persuade the 
US Patent Office that he was the first person 
to have the idea of optically pumping a laser, 
and was granted his US patent in 1977. The 
patent remained in force until 1994, since 
under US patent rules at that time a patent 
could stay in force for up to 17 years from 
the date of grant. Gould’s agent, the Refac 
Technology Development Corp., then asked 
laser manufacturers to pay royalties for opti-
cally pumped lasers. The laser manufactur-
ers refused, partly because the royalty being 
requested was very high. Refac sued the laser 
manufacturers for patent infringement, who in 
turn made use of a US patent law provision 
which allows a patent to be re-examined by 

the US Patent Office. The US Patent Office 
ruled that the patent was invalid, only to be 
subsequently overruled by the courts. Finally, 
in 1987 the infringement suits came to trial, 
and Gould’s agent was successful.

A relevant point here is that it is possible that 
if Gould’s agent had asked for a lesser royalty 
then the laser manufacturers might have been 
prepared to pay it.  The subsequent expense, 
and diversion of management time (on both 
sides) to the litigation that followed, could 
have been avoided.  At the beginning of any 
form of patent enforcement action it is impor-
tant to consider what your preferred outcome 
is. Do you want to stop a competitor manu-
facturing, or would you be happy with a roy-
alty income stream? What kind of royalty level 
could you realistically expect? If you push for 
too much, you may find yourself forced into 
expensive litigation.

It is important to note that US patent law 
changed in June 1995. From that date the 
period of time for which granted US patents 
remain in force is 20 years from the date of 
filing, instead of 17 years from the date of 
grant of the patent (for any patent application 
filed on or after 8th June 1995). The 20 year 
duration of patents applies in all industrialised 
countries.  

Conclusion
This was not the finest hour of the patents 
system. One can only imagine the amount of 
money spent on legal fees before a conclu-
sion was finally reached. Much of this cost 
arose because Gould was badly advised at 
the time that he made his invention.    

Patents remain an extremely important part of 
the business landscape for technology based 
companies such as laser manufacturers and 
laser users.  It is important to file patent appli-
cations early to keep ahead of the competi-
tion, and wherever possible build a portfolio 
of patents which protect a key product or 
invention.  

Contact:
T: +44 (0)161 233 5806 
E: proberts@marks-clerk.com

Peter Roberts is a partner 
at Marks & Clerk Patent 
and Trademark Attorneys. 
Before training as a patent 
attorney he completed a 
Ph.D. under Wilson Sibbett 
at St. Andrew’s University, 
using a colour centre laser 
to study ultra-fast nonlin-
earities in semiconductor 
optical amplifiers.
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In numerous consumer electronics 
products, there is a relentless drive 
for increased speed and functional-

ity in smaller packages, putting pressure 
on manufacturers to develop advanced 
microfabrication techniques to support 
the requisite micro- and nano-technolo-
gies. Laser microprocessing is one such 
technique and over the past decade exci-
mer lasers, the most powerful UV lasers 
available, have become established in 
numerous precision applications thanks 
to advances in their lifetime, reliability and 
output power. Today, excimer lasers serve 
a broad applications base from making 
integrated microchips, flat panel displays, 
micro-optics, and micro-electro-mechani-
cal systems (MEMS), to biotechnology and 
medical applications such as LASIK eye 
correction.

Excimer laser technology
The excimer laser is a type of gas laser that 
delivers pulsed UV output. The laser resona-
tor contains a plasma discharge tube filled 
with a combination of a halogen (F2 or HCl), 
a rare gas (e.g. kryton or xenon) and a buffer 
gas (neon or helium).  A high voltage dis-
charge in this tube creates a high transient 
population of excimer species (e.g. KrF, ArF, 
XeCl), which emit a short but intense pulse 
of stimulated radiation. Typical output pulse 
duration is usually in the 10-70 ns range.  
Each halogen/rare gas combination delivers 
a unique wavelength.  The most widely used 
commercial wavelengths are listed in table 1.  

The raw output of an excimer laser is a quasi-
rectangular beam, typically about 12 × 35 
mm, with a near-Gaussian profile in the short 
axis, and a “top hat” (super-Gaussian) profile 
in the long axis. The excimer’s large beam 
cross-section, high pulse energy and low 
coherence make these lasers best suited for 
photomask type applications where a large 
area is processed at once.

Extending Gas and Tube Lifetimes
In an excimer laser, the plasma discharge 
tube design has to accommodate electrical 
feedthroughs in addition to a closed-loop gas 
system. In the early years of excimer laser 
technology the laser tubes utilized selected 
plastic material such as PVDF (Teflon®). 
However, it was found that tubes utilizing 
ceramics instead of plastics have a much 
better gas and tube lifetimes. This conclusion 
has led to major improvements in laser tube 
design over the last 15 years.  

For example, all 
insulators and high 
voltage feedthroughs 
in the laser tube 
are made from cor-
rosion resistant, 
high-density ceram-
ics in Coherent's 
NovaTube™ technol-
ogy, the metal parts 
of the laser tube are 
of special corrosion-
resistant, carbon- and 
silicon free alloys and 
all NovaTubes are 
assembled in a Class 
10,000 clean room 
in order to avoid any 
contamination during 
assembly. Furthermore, 
a multistep passivation process is employed 
to eliminate all traces of contaminants includ-
ing water from the tube components ensuring 
that exposed surfaces will remain inert. 

The metal-ceramic tube technology easily 
delivers tube lifetimes in excess of a billion 
pulses range which corresponds to more than 
a years operation in a 24/7 industrial environ-
ment.  All these factors together yield a huge 
reduction in the real cost per photon.

Applications
Two applications from very different industries 
serve to illustrate the power and versatil-
ity of this new breed of industrial excimer 
laser. These are low temperature poly-silicon 
annealing used in fabricating high perform-
ance flat panel displays, and the creation of 
precision disposable electronic sensors for 
medical devices. 

Silicon annealing
Consumer demand is fuelling a drive for 
higher resolution, brighter displays as well as 
faster (video) capabilities for phones, PDAs 
and other compact electronic products.  
Many high performance FPD products are 
based on polycrystalline silicon (poly-silicon), 
as opposed to the more widely used amor-
phous silicon.  These high performance prod-
ucts include the latest active matrix organic 
light emitting displays (AM OLED) and system 
on panel (SOP) devices.  Low Temperature 
PolySilicon (LTPS) annealing is the preferred 
approach for producing the critical poly-sili-
con layer during FPD fabrication.  

At present, the two LTPS techniques most 

widely used by FPD manufacturers are ELA 
(excimer laser annealing) and SLS (sequential 
lateral solidification).  Both of these require 
excimer lasers that combine high pulse 
energy (1 joule) and repetition rates of several 
hundred hertz at very high energy stability.  In 
the ELA method, the laser beam is re-shaped 
to a long narrow line (465 mm x 0.4 mm) that 
is swept across the silicon on glass substrate.  
The laser energy melts the silicon within 
100 ns and allows it to recrystallize with the 
desired crystal dimensions.  

SLS is a newer process in which the laser 
beam is projected through a mask, creating a 
striped pattern.  Stepping this pattern causes 
the silicon crystals to grow in the lateral direc-
tion (parallel to the glass panel) rather than in 
the vertical orientation typical of ELA.  Both 
these methods are now fully integrated in 
LTPS display volume production lines in Asia.

Reel-to-reel laser direct patterning of medical 
sensors 
Medical devices have to meet stringent 
requirements with regard to function and relia-
bility.  In addition to these requirements, many 
kinds of medical sensors must be disposable 
because they cannot be used multiple times.  
Examples for this are disposable blood sen-
sors. The design goal for the newest blood 
sensors was to reduce the size to allow 
increased functionality, as well as to reduce 
the amount of blood needed for a given test.

The requirement specifications were given 
with a circuit linewidth of 15 µm with tight 
tolerances, while maintaining low cost per 
sensor.  Gold on PET had been selected 
as the conductor/substrate combination. 

Excimer lasers in demanding industrial applications

Ludolf Herbst 

HIGH VOLUME MICROPROCESSING

Table 1 Common excimer laser wavelengths and applications.

 Output (nm) Gas Combination Typical Applications 
 Wavelength

 157 F2 

 193 ArF Microlithography 
   LASIK

 248 KrF Micromachining 
   Microlithography 
   Photomask writing

 308 XeCl Micromachining 
   Silicon annealing

 351 XeF

22

Issue 45.indd   24 13/12/06   08:00:33



The Industrial Laser User       Issue 45, December 2006

HIGH VOLUME MICROPROCESSING

Traditionally, these kinds of sensors are made 
with a wet etching process. However, this 
process requires several steps such as coat-
ing and developing and requires dedicated 
disposal of chemical substances.  As a result, 
manufacturers began to investigate alterna-
tive laser methods.  Because of the material 
absorption characteristics, it was clear that 
optimum results would be obtained with a 
308 nm excimer laser. A unique laser proc-
ess which now meets all the requirements of 
manufacturing of advanced blood sensors is 
called Laser Direct Patterning (LDP) or Laser 
Direct Pattern Etching (LDPE). LDP allows the 
manufacturing of conductive structures down 
to 10 µm on plastic substrates. 

In this process, illustrated in figure 1, the 
beam passes through a mask which defines 
the entire sensor circuit. This masked beam 
is then re-imaged on the substrate which is 
covered in a thin (up to 100 nm) metal layer; 
in addition to gold, copper nickel palladium 
and aluminium have all been used with LDP.  
The 308 nm light fully penetrates the metal 

layer.  At the metal/polymer interface the 
radiation is absorbed by the polymer surface 
and a very thin layer of polymer is ablated. 
Because the ablation takes places between 
metal and polymer, the volume expansion 
and the formation of a plasma plume result 
in an explosive removal of the metal layer 
in the non-mask-shaded area. Only a single 
laser pulse is required for this effect to occur.  
Because each pulse creates an entire sensor, 
LDP is well-suited to cost-effective manufac-
turing of disposable sensors; an example of 
which is shown in figure 2 

The final system set up consists of a high-
power excimer laser (e.g. LAMBDA SX series), 
an optical system, and a reel-to-reel unit. 
Systems producing more than 100 sensor 
circuits per second are running in production 
already. The limiting parameter here is not the 
repetition rate of the laser but the real time 
QC of every single circuit. 

Summary and Outlook
In response to the demands of key appli-
cations, excimer lasers have continued to 
evolve with the four key trends. The first is 
continuous reduction in cost of ownership 
(CoO), which includes reduced maintenance 
requirements, greater component lifetime 
and long exchange intervals.  Moreover, 
the dramatic increases in gas lifetime may 
eventually extrapolate to the ideal goal of 
sealed-off operation for the excimer laser.  
Second is fully automated and software sup-
ported operation, as well as remote control 
and diagnostic capability via intranet, internet 
or telecommunication, The third is higher 
stability of laser output parameters includ-
ing energy, beam profile, divergence, pulse 

duration, and peak intensity.  Fourth is higher 
laser power to increase throughput and/or the 
maximum area size which can be processed 
at one time.  

Conclusion
Over the more than 25 years since their dis-
covery, excimer lasers have been used in an 
ever growing variety of R&D, medical and 
industrial applications. The key to the success 
of the excimer laser in these applications is its 
unbeatable UV performance at power levels 
that are simply not available from any other 
laser source. Revolutionary and evolutionary 
technological achievements in excimer lasers 
have translated into significant improvements 
in operating parameters, including output 
characteristics, ease of operation, and reli-
ability.

Ludolf Herbst is with Coherent in Göttingen, 
Germany.

Contact:
E:  ludolf.herbst@coherent.com
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Figure 1: Laser Direct Patterning (LDP) set up: Reel-to-
reel process. 

Figure 2: Sensors created with a single laser pulse in a 
reel-to-reel set-up via Laser Direct Patterning (LDP).

One of the delights of the new AILU web site 
is the early success of the members' Forums. 
For them to be useful a healthy level of activi-
ty needs to be established and maintained, so 
that when someone posts a question they can 
expect to find an answer or two within a day. 
The Forums have only been working prop-
erly since mid-October 2006, but the level of 
activity rapidly grew to the point where every 
day members were receiving several email 
alerts about new forum postings; leading to 
some irritated callers asking for the automatic 
email alert option to be shut off. Always 
happy to oblige. (To tailor these preferences 
yourself on line go to the 'edit details' area)

My first serious posting to the Technical 
Forum was on 21 November when i asked the 
following question: 

A client on mine is considering using a scan-
ning CO2 laser (few hundred Watt) to cut out 
parts in paper as they run over a  metal drum. 
Is there an established technique for protect-
ing the metal drum from laser damage (e.g. 
polished/coated surface, sacrificial layer)? 
This would be a high speed 24/7 application 
and they don't want to have to replace and 
repolish/coat the drum too often.

In a matter of days I had four very useful sug-
gestions:

• Use a real-time sensor of the back-reflect-
ed power to control the power/speed.

• Invite my client to speak to a laser sup-
plier with experience in this area, who 
was offering free consultancy.

• Find out how badly laser damage to the 
drum would affect the quality of the paper 

product; experience with sail cloth cutting 
machines suggests it might be little.

• Run the paper over two rollers and cut 
the paper in region between them. 

All good suggestions, which led one one AILU 
member in the USA who had seen this par-
ticular set of postings to email me to say 'This 
is a very interesting feature.  Worth the price 
of admission, as they say in the US'.

The AILU Forums are a free member service, 
designed to stimulate and maintain informal 
communication within the laser community. If 
you haven't done so already, do take a look 
and perhaps even post a message!

Mike Green, Secretary

AILU FORUM
Protecting a drum from laser damage
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Laser nanotechnology for the electronics industry

Minghui Hong

Laser technology has been extensively 
applied in the electronic industry, as 
exemplified by micro-applications 

such as surface cleaning, 3D microstruc-
ture formation, IC package marking, die 
via hole drilling, CSBGA package singula-
tion and thin film deposition [1-4]. And in 
response to the pressure within this indus-
trial sector to fabricate smaller, faster and 
more functional devices, with feature sizes 
of less than 100 nm, laser-based nanoengi-
neering offers the potential advantages of 
low cost, high speed processing in air, vac-
uum or chemical environments and, most 
importantly, the capability to fulfil flexible 
integration control. 

Here we will describe work in the following 
areas: 

1) pulsed laser ablation for sub-20 nm 
nanomaterials synthesis

2) laser nanobumping for disk media nano-
tribology

3) laser annealing of ultrashort PN junction 
4) sub-50 nm surface nanopatterning with 

near field, multiphoton absorption and 
light enhancement effects. 

The work will aim to demonstrate the huge 
potential role for laser nanoengineering in next 
generation electronic industries.  

Pulsed laser ablation for synthesising 
nanomaterials 
Nanomaterials, with sizes less than 20 nm, 
have unique physical and chemical proper-
ties. In a bottom-up approach to fabrication, 
these materials become the building blocks 
of nanodevices. Different from conventional 
approach of top-down lithography, a wider 
variety of functional nanodevices can be cre-
ated with the self-assembly of the nanomate-
rials of the same type or different nanomateri-
als in combination. The key technical chal-
lenge is how to control the process to achieve 
a narrow size distribution. 

The process of laser ablation pro-
vides nanomaterials by the explo-
sive removal of target materials in 
vacuum or liquid [5-6]. Evaporated 
atoms collide in the expanding high 
temperature/high pressure plasma; 
their rapid cooling and nucleation 
gives rise to nanomaterials with 
a size distribution controlled by 
processing parameters. An exam-
ple, showing Gallium Nitride (GaN) 
nanowires synthesized by KrF exci-
mer laser ablation is shown in figure 1. 

Pulsed laser ablation is particularly attractive 
in that pure nanomaterials can be synthesized 
and a wide range of nanomaterial composi-
tions created by simply changing the target 
material. 

Figure 2(a) shows Silicon (Si) nanoparticle dis-
tribution after KrF excimer laser ablation inside 
a vacuum. Note the narrow distribution with 
a mean size of 3.5 nm - since this is smaller 
than Si exciton Bohr radius (4.3 nm) there is 
a strong quantum confinement effect for the 
nanomaterials. One of the consequences of 

this can be observed from Figure 
2(b), which shows the photolumi-
nescence spectral peak is in the 
visible region (620 nm). This is a 
novel optical property that dis-
tinguishes Si nanomaterials from 
the bulk substrate, which only 
emits infra-red light with the ener-
gy band gap of 1.12 eV. This sug-
gests that Si nanomaterials could 
be used to make a visible micro/
nano laser on a Si substrate. 

Figure 2(b) also shows that laser annealing can 
enhance photoluminescence intensities at the 
same peak position. It implies that additional 
laser processing does not change the size dis-
tribution but does activate more Si nanomateri-
als to create stronger visible emission.  

Nanobumps for disk media nano-tribology
With strong demand from consumer electron-
ics market, the density of stored information 
is predicted to continue to grow rapidly, sub-
ject to technology breakthroughs. One such 
development is laser disk texturing and tag-
ging, techniques that have been running on 
production lines for fabricating landing zones 
and non-contamination marking of media 
surfaces. 

Ultrahigh density storage demands a reduc-
tion in the spacing between the read/write 
head and the disk media [7]. Surface rough-
ness is critical to this application, and at 
densities above 100 Gbits/in2, disk bumping 
faces two technical challenges: 

1) a change of substrate materials from 
Al-Mg to glass, since glass has superior 
mechanical properties for a high speed 
disk operation;

2) fabrication of sub-10 nm height 
nanobumps. 

Figure 3 shows Atomic Force Microscope 
(AFM) and Optical Surface Analyser (OSA) 
images of nanobumps created on a glass disk 
by a CO2 laser. Uniform bumps with heights 
down to 3.5 nm were fabricated by laser 
heating. With fine tuning of laser power, its 
absorption in the glass can be made to cause 
plastic deformation and nanobump forma-
tion. The flying height performance data in 
figure 3 were collected using a phase metrics 
dynamic flying height tester, a device that 
exploits white light interferometry. The flying 
height of the head slider over the glass disk 
can be deduced from the light intensity, and 
distinct peak signals can be correlated to the 
bump array. 

Figure 1 (a) SEM and (b) TEM images of GaN nanowires fabricated by KrF 
excimer laser ablation in a vacuum pressure of 10-6 Torr. The nanowires were 
grown uniformly in an area of 2 cm2 (diameter: ~ 20 nm, length: ~ 5 µm, lattice 
spacing: 2.8 Å). 

24

a b

a

b

Figure 2 (a) Size 
distribution of 
Si nanoparticles 
fabricated by 
KrF excimer 
laser ablation 
in vacuum 
and (b) photo- 
luminescence 
spectra before 
and after 1 and 
5 pulses of laser 
annealing at a 
laser fluence of 
50 mJ/cm2.

Figure 3 AFM and OSA images of nanobumps on a glass disk by CO2 laser 
irradiation. 

a b

Issue 45.indd   26 13/12/06   08:00:35



The Industrial Laser User       Issue 45, December 2006

Laser annealing of ultrashort PN junctions
In the semiconductor industry, continual 
down-scaling of device dimensions poses 
great challenges in device fabrication if func-
tionality is to be preserved; for example, the 
junction must be made shallower to prevent 
short channel effect [8]. 

An aim is to maximise the current through the 
device, which required that the lateral abrupt-
ness of the junction be increased. Pulsed 
laser thermal annealing (LTA) provides a solu-
tion, the heat generated by the laser pulse 
causing a thin layer of silicon to melt; dopants 
diffuse preferentially in liquid silicon and when 
the laser pulse terminates the molten silicon 
cools and returns to crystalline silicon, leav-
ing an abrupt junction with a uniform dopant 
distribution in the melt region [9].

Figure 4 shows TEM images of as-implanted 
a-Si sample with 10 keV Ge+ pre-amorphiza-
tion implantation and LTA p+n junction with 
10 pulses of laser irradiation. It shows that 
with a sufficient heat dose applied a defect-
free junction can be formed. LTA was also 
applied to process P-implanted Ge-n+/p junc-
tions, the P concentration distribution being 
closely related to processing parameters. As 
shown in Figure 5 (a), two pulses of LTA at 
a laser fluence of 160 mJ/cm2 achieved an 
optimal dopant distribution inside the junc-
tion. Compared to as-implanted and rapid 
thermal annealing (RTA), improved rectifying 
diode characteristics were obtained by LTA, 
as shown in Figure 5 (b).     

Surface nanopatterning with pulsed lasers   
Two techniques are discussed here: one 
technique using a near field scanning opti-
cal microscopy (NSOM), the other exploiting 
nanolithography

Femtosecond laser in combination 
with near field scanning optical 
microscopy
Maskless laser nanolithography 
combined with NSOM has two 
important features: 
1) a small ~ 50 nm aperture at the 
end of tapered fibre coated with Al 
thin film, 
2) a small ~ 20 nm distance 
between fibre probe and sample 
surface [10].

Using NSOM the output of a femtosecond 
laser was coupled into the UV photoresist 
coating on a Silicon substrate. Figure 6(a) 
shows the dependence of the nanoline width 
and depth on the incident laser power. Laser 
power after the probe is closely related to tip 
size & geometry, and line width and depth 
increase rapidly with incident laser power. The 
laser power has to be set sufficiently low in 
order to obtain smaller line sizes, as well as to 
prevent damage to the fibre tip. 

Different nanopatterns can be created by fs 
laser/NSOM system through nanostage con-
trol and scan path programming. Figure 6(b) 
shows the nanoline arrays created at different 
incident laser powers. The scanning speed 
is 6 µm/s. At a laser power of ~ 0.1 mW, the 

line width reduced down to 38nm, 
smaller than 50 nm probe aper-
ture.

Ultrafast laser induced phase 
change nanolithography
Though sub-50 nm processing 
feature size can be obtained using 
laser AFM, NSOM combinations 
and transparent particles, the 
processing speed is slow (in µm/s 
scale) [11-13], which limits its 

applicability in the electronic industry. For this 
reason, laser nanoimprinting by light irradia-
tion through a microlens array (MLA) has been 
explored. 

Microlenses can convert the laser beam into 
thousands of small focal points, acting as an 
array of “light pens” to fabricate tiny struc-
tures uniformly over a large area at a high 
speed. Figure 7(a) shows an experimental 
arrangement for non-contact parallel laser 
patterning in the far field. Figure 7(b) is the 
optical image of a field emission transistor 
(FET) structure fabricated on GeSbTe thin film 
by 800 nm/100 fs laser irradiation through a 
23 µm diameter MLA (laser power: 200 mW, 
scanning speed: 300 µm/min). The inset is 
the enlarged image of the features. This work 
demonstrated that 160,000 FETs with a gate 
width of 200 nm can be created in 3 minutes 
on an area of 1 cm × 1cm.  

Super-resolution laser nanoimprinting through 
1 µm microlens array 
To obtain smaller feature sizes, a smaller 
diameter MLA was fabricated for a shorter 
focal length. S1805 photo resist (Shipley) was 
spin-coated on quartz at a speed of 2000 rpm 
to obtain a thickness of 800 nm. The sam-
ple was exposed by the interference of two 
325 nm He-Cd laser beams, resulting in the 
generation of a periodic structure, the period 
determined by the laser beam wavelength 
and the angle at which the beams interfere. 
Line array periodic structure were formed 
after a single exposure. The subsequent 
cross exposure by rotating the sample of 90 
degrees enables the formation of a dot array. 
The exposed photo resist was then passed 
subjected to a reflow process at a tempera-
ture of 150 ºC. Surface tension effects in the 
melted photo resist causes the sample sur-
face dots to change into hemispheres. This 
pattern on the photo resist was transferred 

NANOPROCESSING
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Figure 4 TEM images of (a) as-implanted a-Si sample with 10 keV Ge+ pre-
amorphization implantation and (b) laser annealing p+n junction with  
10 pulses of laser irradiation (defect-free). 

a b

Figure 5 (a) SIMS profile of P-implanted Ge substrates at a laser fluence of 
160 mJ/cm2 and different pulses and (b) I-V characteristics of P-implanted  
Ge-n+/p junctions without and with RTA or LTA. 

a b

   a
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Figure 6 
NSOM/Fs laser 
nanolithography: 
(a) dependence 
of line width and 
depth on laser 
power into the 
NSOM probe and 
(b) nanolines 
created at 
different incident 
laser powers.

Figure 7 (a) Laser 
nanoimprinting 
setup; (b) optical 
image of FET 
structures made 
on GeSbTe thin 
film by a fs laser 
and a 23 µm 
diameter MLA. 
The inset is the 
enlarged image 
of the features.

  a

  b
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into a quartz substrate by reactive ion etching 
in CF4 gas. 

Figure 8 (a) shows an AFM image of a mic-
rolens array fabricated by laser interference 
lithography (LIL) [14], reflow and chemical 
etching. Microlenses are aligned in parallel 
(diameter: 1 µm, height: 330 nm, spacing: 2 
µm). Figure 8 (b) shows an AFM image of a 
dot arrays patterned with one pulse of 248 
nm KrF excimer laser irradiation of the photo 
resist on a Silicon substrate through the MLA. 
By tuning the sample at the focal plane, uni-
form spot arrays with a spacing of 2 µm were 
formed. As the focal length of the MLA is so 
short (1.1 µm), small variations in the sample-
to-microlens distance has a significant effect, 
leading to the variations in spot size seen in 
the figure. High resolution sample alignment 
and position checking systems are needed in 
order to ensure that all the focused spots lie 
in the same focal plane. 

An interesting result is that some spots of 
size 78 nm and with a depth of 10 nm (repre-

senting a X3 super-resolution) are 
produced; this arises because only 
at the centre of the laser profile is 
there a sufficient irradiance to trig-
ger laser induced photo-chemical 
reactions in the photoresist.  

Conclusions
This paper investigates the appli-
cation of laser nanotechnology 
in the electronics industry, in the 
fields of: (i) Silicon and Gallium 
Nitride nanomaterials synthesis as 

building blocks for nanodevice fabrication; (ii) 
nanobump formation for magnetic hard disk 
media nano-tribology; (iii) confined heat dose 
control for ultrashort PN junction activation 
and sub-50 nm surface nanostructuring. The 
results show that laser applications can be 
extended into nanoelectronics with the com-
bination with other advanced tools. With the 
strong background built from the extensive 
applications of laser microprocessing systems 
in the electronics industry, laser nanofabrica-
tion is destined to become an important ver-
satile nanomanufacturing tools in electronics 
industries in the near future. 
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Laser micromachining by ablation has 
proved to be a useful technique in 
many fields of advanced manufac-

turing. In addition to established industrial 
applications, such as the drilling of ink-jet 
nozzles and printed circuit board via holes, 
new applications are emerging, particu-
larly in the areas of optics and microelec-
tromechanical systems (MEMS), that are 
ever more challenging in terms of geom-
etry, machining accuracy, surface finish 
and/or processing speed. In the MEMS 
domain, these new applications are mainly 
in areas where 3D processing of polymers 
and/or glasses is required, such as micro-
fluidics [1] and RF MEMS [2]. The most 
important emerging optical application is 
the production of plastic micro-lens arrays 
for large area displays [3]. This is particu-
larly challenging because it requires rapid 
processing of highly uniform, optical qual-
ity components over extremely large areas 
(up to 1.5 x 2 m2).

Laser machining of complex surfaces may be 
carried out either in direct-write mode, where 
a focused laser spot is scanned over the 
workpiece, or in mask projection mode, where 
an imaging lens is used to project a mask 
pattern. Lasers with high repetition rate but 
relatively low pulse energy, such as bench-top 
DPSSL (diode-pumped solid state) lasers, 
are normally used in direct-write mode. Mask 
projection tends to be reserved for excimer 
lasers, where the higher peak power allows 
parallel processing over large areas.

Here we discuss two excimer laser microma-
chining techniques that allow both 3D 
structuring and large area processing: syn-
chronized image scanning (SIS) and half-tone 
mask projection. Experimental results are pre-
sented for polycarbonate cylindrical microlens 
arrays produced by both techniques.

Large area and 3D excimer laser  
micromachining processes
Projection ablation systems typically include 
beam forming optics designed to produce 
uniform illumination at the mask. With a 
standard binary mask (zero or 100% trans-
mission), each laser pulse removes material to 
the same depth in all exposed regions of the 
workpiece. Several methods can be used to 
produce features with variable surface height 
in such systems. One approach is to vary the 
shape and/or size of the mask aperture during 
machining, either by using a motorized aper-

ture [4] or by indexed 
mask projection (IMP) 
which uses a sequence 
of different static 
mask apertures [5]. An 
alternative approach 
is to move or ‘drag’ 
the workpiece under a 
static mask while firing 
the laser. 

With the laser flu-
ence and firing pitch 
(the distance trav-
elled between laser 
pulses) held constant, 
workpiece dragging 
produces a uniform channel with a cross-
sectional profile defined by the mask aperture 
shape. The technique is well suited to pro-
ducing periodic structures over large areas, 
and has been widely used in the fabrication 
of structures such as gratings, microchannel 
arrays and anti-reflection surfaces [6].

Synchronised image scanning [3] is a variant 
of the above techniques in which the work-
piece is dragged beneath a linear array of IMP 
mask apertures, all of which are illuminated 
by the laser beam. The laser firing pitch is set 
equal to the spacing between mask apertures 
so that each site on the workpiece is exposed 
to a single pulse with each of the apertures 
in turn. This concept is illustrated in figure 
1. SIS offers higher throughput than indexed 
mask projection by virtue of parallel process-
ing. Also, because each site receives only one 
pulse with each SIS aperture, the stepping in 
the surface that arises from using a discrete 
set of masks can be mini-
mized. 

The above techniques 
achieve variable depth by 
exposing different parts of 
the workpiece to different 
numbers of laser pulses, 
with the fluence in the 
exposed regions being 
independent of position. 
An alternative option, 
also illustrated in Figure 
1, is to have the same 
number of pulses every-
where, but vary the local 
fluence using a half-tone 
mask. A half-tone mask 
comprises an array of 

pixels, each with an opaque region of well-
defined area on a transparent background. 
Provided the pixel structure is not resolved 
by the projection optics, such as mask will 
behave simply as an attenuator, with the local 
transmission being proportional to the square 
of the transmissive area in each pixel. In this 
way a conventional binary mask can be made 
to behave like a continuously variable or grey-
scale mask. Figure 2 shows some examples 
of optical components fabricated by ablation 
using static half-tone masks. 

Half-tone masking has been used previously 
with projection ablation to produce diffractive 
optical elements [7], microfluidic channels 
[8] and other microstructures [9,10]. It is an 
attractive option when producing isolated 3D 
structures because it is less costly in terms 
of mask real estate than SIS. However this 
advantage is lost in large-area applications 
where parallel processing becomes impera-
tive, requiring an array of half-tone apertures. 

MICROPROCESSING 

Laser micromachining in 3D and large area applications

Andrew Holmes and James Pedder

Figure 1. Fabrication of 3D structures by half-tone ablation (left) and SIS (right). For 
simplicity, the projection optics have been omitted from both diagrams.

Figure 2. Examples of prisms and spherical lenses produced in polycarbonate by half-
tone ablation at 248 nm wavelength. 
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Other factors also need to be taken into 
account when choosing between the different 
approaches, such as process efficiency and 
surface finish. These aspects are discussed 
below.

Process and mask design
For any given combination of laser source 
and material, the first step in designing a laser 
micromachining process is to decide on the 
operating fluence (the maximum pulse energy 
per unit area incident on the workpiece). In 
general the material removal rate, the mor-
phology of the machined surface, and the 
nature and amount of ablation debris will all 
depend on the fluence, and these aspects 
can only be explored by experiment. For large 
area applications, the process efficiency in 
terms of volume of material removed per joule 
of incident laser energy is also an important 
consideration as this sets an upper limit on 
the throughput for a given laser source. 

SIS mask design
When designing an SIS mask, a CAD draw-
ing of the target structure is divided into a 
number of horizontal slices, as shown in 
Figure 1, with the outline of each slice being 
used to define an SIS mask aperture. This 
process is similar to that used in rapid proto-
typing, and CAD tools have been developed 
to automate the process [3]. Secondary 
effects that can lead to non-uniformity in 
the ablation rate across the workpiece, such 
as the reduction of ablation rate on inclined 
surfaces, are usually ignored for simplicity. 
Ideally, the thickness of each slice is chosen 
to match the ablation depth per pulse at the 
chosen operating fluence so that the machin-
ing process can be completed in a single 
pass. 

Half-tone mask design
Mask design for half-tone ablation involves 
deriving a mask transmission function T(x,y) 
from a height map h(x,y) of the desired struc-
ture. These two functions are related through 
the material ablation curve (material removal 
rate versus laser fluence). An important fea-
ture of half-tone ablation, which sets it apart 
from the other techniques described above, is 
that detailed knowledge of the ablation curve 
is required over a range of fluences; it is not 
sufficient just to know the ablation depth per 
pulse at the operating fluence. 

The operating fluence and number of pulses 
must be chosen so that T(x,y) lies within the 
achievable range of transmission levels at 
all points. This range is set by the resolution 
of the projection lens (which determines the 
maximum size for each half-tone pixel), and 
the mask-masking technology (which limits 
the minimum feature size within each pixel).

In practice the minimum allowable transmis-
sion is often determined by the material 
ablation characteristics rather than by the 
half-tone mask technology. For most materi-
als there is a minimum useable fluence below 
which ablation debris is not ejected effectively 
and hence accumulates on the machined 
surface. For polycarbonate machined at 248 
nm wavelength this occurs at around 100 
mJ/cm2. This minimum fluence requirement 
translates to a minimum machined depth in 
the final structure, so that in general it is not 
possible to produce structures where the 
depth varies continuously down to zero.

The minimum fluence requirement generally 
implies removal of material that does not form 
part of the final structure, and consequently 
the process efficiency of half-tone machining 
tends to be lower than that of the other mask 
projection techniques. This is not a major 
issue for R&D or prototyping, but is an impor-
tant consideration when it comes to large 
scale production [11]. 

Additional considerations
The mask design methods outlined above 
tend to become less accurate in deeper 
structures as a result of diffraction, illumina-
tion-related effects, and the reduction of 
the ablation rate on inclined surfaces. For 
structures such as microlenses where the 
surface height is relatively slowly varying, the 
latter effect appears to be most important. If 
neglected during the mask design stage, the 
angular variation of the ablation rate can lead 
to significant errors in the depth profiles of 
deeper structures. Furthermore, for any given 
operating fluence there will be a limiting sur-
face gradient that cannot be exceeded, and 
this can lead to unwanted artifacts such as 
seams of material at the interfaces between 
adjacent regions that have been machined 
at different times. Such effects can only be 
eliminated reliably by taking account of angu-
lar dependence of the ablation rate during 
mask design, which in general requires the 
use of numerical modelling. We have been 
developing simulation tools that can address 
this problem [12], and have demonstrated a 
significant improvement in profile control for 
structures with depths of up to several hun-
dred microns [13]. 

In addition to the above issues which relate 
to the overall profile accuracy, there are other 
features of the SIS and half-tone processes 
relating to surface morphology that cannot 
currently be modeled. For example, the run-
ning order of the SIS apertures can have a 
marked effect on the roughness of the final 
surface. In particular, the stepping is reduced 
if the boundary of each aperture lies inside 
the one that follows it. In qualitative terms 
this is because the steps caused by the hard 

edges on each aperture become rounded by 
subsequent exposures. The net effect is that 
the surface steps in the final structure can be 
significantly smaller than might be expected 
based on the ablation depth per pulse.

Application example – microlens arrays for 
3D displays
To explore the capabilities of half-tone abla-
tion and SIS in terms of profile accuracy and 
surface finish, we have fabricated polycar-
bonate microlens arrays typical of those in 
3D display applications. Convex cylindrical 
lenses were machined with a width of 650 
µm and a radius of curvature of 1 mm, cor-
responding to a maximum machined depth 
of around 50 µm and a maximum surface 
slope of 18°. Experiments were carried out 
with an Exitech M8000 laser micromachining 
workstation designed specifically for SIS. The 
workstation was equipped with a KrF excimer 
laser, a 5X 0.15NA projection lens, and beam-
forming optics configured to produce a 70 x 
6 mm2 rectangular illuminated region at the 
mask plane.

An operating fluence of 250 mJ/cm2 was 
used for the SIS process, corresponding to 
the peak of the process efficiency curve. 
At this fluence a total of 544 pulses was 
required to achieve the required maximum 
depth. These were delivered in two passes, 
using an SIS mask with 272 apertures on a 
pitch of 250 µm (corresponding to a laser fir-
ing pitch of 50 µm).  A higher fluence of 890 
mJ/cm2 was used for the half-tone process to 
minimize the effects of the minimum fluence 
requirement. In this case the desired cylindri-
cal lens structure was produced by dragging 
a 4.75 mm-long rectangular half-tone mask 
aperture with the required transverse trans-
mission profile. A total of 288 pulses was 
delivered in a single pass, requiring a laser 
firing pitch of 3.3 µm. Figure 3 shows an SEM 
image of the structure produced by the half-
tone process.

Figures 4a and 4b compare stylus pro-
filometer measurements made on individual 
half-tone and SIS lenses (solid lines in figure 
4a and 4b respectively) with the expected 
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Figure 3. SME image of a microlens array formed by 
workpiece dragging with a half-tone mask 
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profiles based on the mask designs (dashed 
lines). Good overall profile accuracy is 
achieved by both techniques, although the in 
both cases the agreement is closer on one 
side of the lens than on the other due to a 
slight asymmetry in the actual profiles. The 
exact cause of this asymmetry is unknown, 
although it is thought to have arisen from 
non-uniformity in the illumination.  

Surface analysis of the lenses was carried 
out by digital holographic microscopy (DHM), 
an interferometric technique that can pro-
vide surface profile information with micron 
and nanometer resolutions in the lateral and 
vertical directions respectively [14]. Figure 5 
(upper) shows a linescan taken along the long 
axis of the half-tone lens near the point of 
minimum machined depth.  A strong periodic 
component can be seen with a period equal 
to the laser firing pitch of 3.3 µm. 

It was found that the periodic component 
could be eliminated by flood exposing the 
surface with a small number of laser pulses at 
a much lower fluence. This ‘polishing’ process 
was carried out by workpiece dragging using 
a simple rectangular aperture with graded 
half-tone transmission profiles on its leading 
and trailing edges. Figure 5 (middle) shows 
the surface profile after polishing, which has 
an Ra of only 8.4 nm. The improvement in 
surface finish afforded by polishing is also evi-
dent in the phase plots on the right of Figure 
5, which show a significant reduction in the 
noise on the fringes after polishing. 

DHM measurements at the equivalent posi-
tion on a lens machined by SIS (Figure 5 
(lower)) also show a periodic component in 
the linescan which corresponds to the laser 
firing pitch, but even without polishing the Ra 
was found to be comparable to that of the 
polished half-tone lens. However, this com-
parison is somewhat unfair to the half-tone 
process because the crown of the SIS lens 
receives only a very small number of laser 
pulses, and indeed Ra values as high as 30 
nm were measured elsewhere on the surface, 
compared to a maximum Ra of around 20 nm 
on the as-machined half-tone lens. The over-
all performance of both processes in terms of 
surface finish was found to be appropriate for 
the intended large area display applications. 

Conclusions
Several processes are available for large-area 
excimer laser micromachining of complex sur-
faces by projection ablation. We have focused 

on two techniques: SIS 
and workpiece dragging 
with half-tone masks. 
Based on results to date 
it would appear that SIS 
is the most appropriate 
technique for large area 
machining because of its 
higher process efficiency. 
Excellent surface finish 
has been achieved in 
polycarbonate, and it 
is expected that further 
improvements will be 
made by implementing 
SIS masks with graded 
transmission profiles 
at the edges. Half-tone 
masking remains an 
attractive option for 
small area applications 
because of its more effi-
cient use of real estate 
on the mask. 
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Figure 4. 
Transverse 
surface profiles of 
lenses formed by 
half-tone ablation 
(upper) and SIS 
(lower). The solid 
lines are measured 
profiles; the dashed 
lines are predictions 
based on the mask 
designs

Figure 5. DHM measurements showing longitudinal surface profiles and wrapped phase 
plots for microlenses: as-machined half-tone lens (upper); laser polished half-tone lens 
(middle); as-machined SIS lens (lower). Wrapped phase plots cover an area of ca 300 x  
300 μm2 at the centre of the lens.
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COMPOSITES

A composite material is one in which 
two or more different materials 
are combined but not dissolved 

or blended into each other; indeed it is 
generally straightforward to distinguish 
between the different materials within the 
composite (although a microscope may be 
required to do so). The component materi-
als are usually chosen to have quite differ-
ent material parameters, which then work 
together in the composite as a material 
with a unique combination of parameters 
e.g. hardness with toughness or high 
strength with low weight.  Common com-
posites include carbon fibre composites; 
fibreglass; metal matrix composites; and 
concrete.

The majority of composites are formed from 
just two materials.  One material (known as 
the matrix or binder) is used to bind together 
a cluster of fibres or fragments of a much 
stronger material (known as the reinforce-
ment).  In the case of fibreglass, the reinforce-
ment consists of fine threads or fibres of 
glass, often woven together, and the matrix 
is a polymer; whereas in concrete the matrix 
is cement and the reinforcement is aggregate 
i.e. stones or gravel (wires or rods can be 
added to give further reinforcement).  In gen-
eral, any reinforcement fibres serve to resist 
tension, whilst the matrix serves to resist 
shear, and all materials present serve to resist 
compression, including any aggregate.  With 
a fibre-based composite the direction of the 
fibres clearly affects the strength in different 
directions, and so in many applications a 
woven or layered approach is used to ensure 
uniform properties.

In some cases it is necessary to generate 
more complex structures.  For example differ-
ent material properties may be required at the 
surface of a material than in the bulk – e.g. 
high hardness and wear resistance at the 
surface coupled with ductility and toughness 
in the bulk.  An example here would be the 
deposition of a metal matrix composite on the 
surface of an alloy.

Manufacturing costs associated with com-
posites tend to be higher than with con-
ventional materials. Manufacture typically 
uses either moulding or layering techniques.  
With moulding, the reinforcing material is 
first placed in the mould and the semi-liquid 
matrix material sprayed or pumped in to form 
the object.  Pressure may be applied to force 

out any air bubbles, and the mould is then 
heated to cure the liquid matrix.  Layering, 
meanwhile, is typically used to produce thin 
structures with complex shapes, such as 
curved panels, where the composite structure 
is built up by applying sheets of woven fibre 
reinforcement, saturated with the polymer 
matrix material, over an appropriately shaped 
base mould. When the panel has been built to 
an appropriate thickness, the matrix material 
is then cured.

A role for lasers
Lasers have a key role to play in composite 
manufacture processes in two main ways: (a) 
for deposition of material; and (b) for post-
machining, e.g. to generate small features, or 
for customisation. 

Lasers are used in deposition processes as 
localised heat sources to soften or melt the 
surface of the bulk material in order to allow 
the reinforcement to be locally introduced.  
Laser machining of composites is an impor-
tant process because the locally-varying 
mechanical properties and in some cases 
the high hardness of the reinforcement can 
make conventional mechanical machining 
very difficult.  However, laser machining is 
far from straightforward because the two 
materials normally have significantly different 
optical absorption and thermal properties; for 
example the matrix will likely vaporise at tem-
peratures at which the reinforcement remains 
solid. Also, the thermal conductivity of the 
reinforcement is likely to be significantly dif-
ferent to that of the binder (e.g. carbon fibre 
reinforcement in a polymer matrix), leading to 
non-uniform heating and material removal.

Laser deposition processes
There is a range of high power laser proc-
esses which can be described as ‘laser sur-
face processes’, where only a thin layer at 
the surface of a material is modified to give 
it specific properties, often high hardness 
and/or abrasion resistance.  This modification 
can either take the form of: (i) controlled heat-
ing and cooling, resulting in microstructural 
changes (e.g. transformation hardening of 
steel); (ii) the deposition (and often alloying) 
of another material on the surface; or (iii) the 
inclusion of particles of one or more differ-
ent materials into the surface to generate a 
thin composite layer (typically a metal matrix 
composite).

Laser deposition of composite layers has 

been reported onto aluminium [1, 2] and mag-
nesium alloys [3], and steel [4, 5].  Typically 
a cw laser is used in conjunction with pow-
der feed via a nozzle, which are traversed 
together across the surface of the substrate, 
as illustrated in figure 1.  

The laser power is chosen to locally melt the 
surface of the substrate, whilst small particles 
of the ‘reinforcement’—typically a hard mate-
rial such as a ceramic with a high melting 
point—is introduced via the nozzle.  The solid 
reinforcement particles are hence engulfed 
by the liquid matrix which then quickly solidi-
fies, resulting in a thin layer of metal matrix 
composite.

Pulsed laser deposition processes have also 
been developed for the deposition of ultra-
hard composite layers onto cutting tools [6].  
In such processes, an intense laser beam 
irradiates a target in a vacuum, ablating a thin 
layer of material which moves away from the 
target as a pulse of high energy, high veloc-
ity particles which are then deposited onto 
a substrate positioned at some distance. In 
reference [6] this process was used to deposit 
an ultra-hard AlMgB14-20%TiB2 composite 
material as a coating onto WC/6%Co tool 
inserts.

Laser machining of fibre-based composites
Many composite materials such as carbon 
fibre composite and fibreglass consist of fibre 
reinforcement surrounded by a thermoset-
ting matrix. Such a structure is an interesting 
and challenging one for laser machining. 
First of all, the different materials will typi-
cally have different absorptivities at the laser 
wavelength.  Their thermal properties are also 

Laser processing of composite materials

Duncan Hand

Figure 1: Laser deposition of a thin composite 
metal matrix layer onto a metal substrate
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likely to be significantly different, with differ-
ent thermal conductivities, heat capacities, 
melting and vapourisation points. Typically the 
matrix has a low melting temperature in com-
parison with the fibres, and so it is possible 
to remove or burn this material whilst leaving 
the fibres intact. As the laser peak power is 
increased in order to machine the fibres, ther-
mal conduction along these fibres can result 
in the matrix being removed some distance 
away, giving e.g. a hole with walls made up 
of free fibre ends [7, 8]. If the fibres all have 
the same orientation this can result in ellipti-
cal holes [9. 10]. Carbon fibre composites are 
often constructed as laminated structures, 
with each layer containing fibres running in a 
different direction. Cross sections of through 
holes laser drilled in such a composite is 
shown in figure 2. Somewhat surprisingly, in 
this case the effect is more pronounced with 
the shorter pulses; this is assumed to be as 
the result of secondary heating due to plasma 
generation with these pulses.

Laser machining of particulate-based  
composites
Another important class of composite is 
those where the reinforcement is in particu-
late form.  Metal matrix 
composites containing 
hard ceramic particles 
such as SiC have been 
successfully machined 
using lasers [11], whilst 
it is very difficult to 
carry out mechanical 
machining processes 
on such materials due 
to their highly abrasive 
nature.  Such materials 
combine the hardness 
and strength of the 
reinforcement with the 
ductility and toughness 
of the matrix (typi-
cally aluminium), and are 
being increasingly used 
in automotive applica-
tions such as engine 
components.  The par-

ticulate (rather than fibre) nature 
of the reinforcement means that 
the global material properties are 
isotropic, resulting in more uni-
form machining. Laser-assisted 
mechanical machining has also 
been used [12], where heat 
from the laser is used to soften 
the metal matrix to allow easier 
removal of material; however this 
can lead to an increased density 
of the reinforcement close to 
machined surface, as some of the 
hard particles are pushed into the 
soft surface by the cutting tool, 
rather than being removed.

With a subset of particulate-based compos-
ites the vaporisation point of the matrix is at 
a lower temperature than the melting point 
of the reinforcement.  In such cases it is 
possible to carry out a ‘cold’ laser machin-
ing process, where rapid vaporisation of the 
matrix generates a high pressure which very 
effectively removes the particulate reinforce-
ment as a solid [13].  Such a process has 
been demonstrated particularly effectively 
with machining of a green state ceramic [14]; 
some examples are shown in figure 3.  With 
such a process the feature resolution is of 
course limited by the particulate size.

Summary and conclusions
It is clear that the high power laser is a vital 
tool in the manufacture of parts containing 
composite materials, both for additive proc-
esses (deposition of layers of composite 
materials) and machining processes.  In both 
cases the laser acts as a highly localised heat 
source, to either melt or vapourise a control-
led amount of material.  The non-uniformity 
of composites can compromise the precision 

that can be achieved in comparison with a 
more uniform material; however by careful 
selection of wavelength and pulse length such 
effects can be minimised.
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Figure 2: Laser-drilled hole in 8-layer laminate carbon fibre composite 
structure (a) with 0.1 ms laser pulses and (b) with 10 ns laser pulses
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Figure 3: CO2 laser machining of green state low temperature co-fired ceramic (LTCC).  
Ruler division is 1 mm.  The binder (matrix) is vaporised by the laser, resulting in 
efficient removal of the ceramic particles (reinforcement).
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Applying laser consolidation to the manufacture of  
flextensional sonar projectors 

Lijue Xue and Chris Purcell

Laser consolidation is a laser powder 
deposition process for producing 
net-shape parts, but with the advan-

tage that there is no need for post machin-
ing beyond removal of the part from its 
substrate. The process provides a unique 
opportunity for manufacturing complex 
thin-walled parts in challenging materials 
that are difficult to make by conventional 
means. The parts built by the laser consoli-
dation process are metallurgically sound, 
and free of porosity or cracks, and due 
to the rapid solidification inherent to the 
process, excellent material properties are 
obtained. In a previous study reported in 
this magazine (Issue 36, pp31, September 
2004)  the technique was applied to the 
manufacture of a space robot manipulator 
arm. Here the application is the manufac-
ture of a complex shell for a flextensional 
sonar projector - a compact low frequency 
wide band sound source, which is a key 
component of military sonar systems. 

DRDC-Atlantic’s patented flextensional folded 
shell projector (FSP) shown in figure 1 fea-
tures a one piece thin wall corrugated metal 
shell in high strength and corrosion resistant 
metals (e.g. pure Nickel, Ni-alloys or Ti-alloys) 
as the radiating surface. Machining such thin 
wall parts is extremely difficult by conven-
tional means, because without support the 
thin wall will deflect under the load of the 
cutter, causing poor surface finish and loss of 
precision. 

The first prototype of the FSP was made by 
electroforming, where an inner expendable 
mandrel of aluminium was CNC milled to 
the inside contour of the shell, then a thick 
coating of nickel was electroformed onto the 
mandrel, and this coating (which was very 
rough) was milled to the outside contour. The 
Aluminium mandrel was removed by dissolu-
tion in a sodium hydroxide bath. This proc-
ess was very complex and time consuming, 
requiring accurate registration of the mandrel 
that tied up the mill for a long period of time. 
Electroforming can only be done in a limited 
choice of materials, with Ni the only suitable 
one for transducers. After considerable evalu-
ation of alternative manufacturing technolo-
gies, laser consolidation was selected as the 
most promising method for making functional 
prototype shells for the folded shell projector. 

This paper will summarize our work for mak-
ing the shells in a variety of shapes and sizes 
by laser consolidation of IN-625 and Ti-6Al-
4V alloys, and exploring the opportunities for 
rapid design evolution that the laser consoli-
dation provides. 

Experimental
The laser consolidation process requires 
a solid base onto which a part is built. A 
focused laser beam is irradiated on the sub-
strate to create a molten pool, into which 
metallic powder is continuously injected. 
A computer numerically controlled (CNC) 
motion system is used to control the relative 
movement between the laser beam and the 
substrate. The laser beam and the powder 
feed nozzle movement follows a CAD model 
along a pre-designed path, creating a bead of 
molten material on the substrate, which solidi-
fies rapidly to form the first layer. The second 
layer is deposited on the top of the first and 
the process is repeated until the solid thin 
walled structure is built. In this way a complex 
shaped part can be built directly from a CAD 
model without any mould or die.

A 500W Lasag Nd:YAG laser coupled to a 
fiber-optic processing head was used for 
the laser consolidation experiments. The 
laser was operated in a pulse mode with an 
average power ranging from 20 to 300 W. A 
Sulzer Metco 9MP powder feeder was used 
to deliver metallic powder into the melt pool 
through a nozzle with the powder feed rate 
ranging from 1 to 30 g/min. During the 
laser consolidation, the laser beam and 
the powder delivery nozzle were kept 
stationary, while the sample was moved 
using a 3-axis CNC motion system. All 

laser consolidation work was conducted in a 
glove box and at room temperature, with the 
oxygen content maintained below 50 ppm 
during the process.

Chemical compositions of two alloy powders 
investigated in this paper, Ni-base IN-625 and 
Ti-base Ti-6Al-4V alloys are listed in Table 1. 
Both powders are spherical in shape with the 
size less than 45 µm. Annealed A36 mild steel 
plates (0.29% C, 1.0% Mn, 0.2% Cu and 
Fe) were used as the base material for laser 
consolidation of IN-625 shells, while wrought 
Ti-6Al-4V alloy plates were used for laser con-
solidation of Ti-6Al-4V shells. The substrate 
plates were machined and ground to a con-
sistent surface finish for the laser consolida-
tion of the respective alloy powders.

Results
In this work a number of shells were made 
to a number of different designs, as shown 
in Figure 2a to d. By way of illustrating the 
excellent results of these components we 
provide details of the assessment of the IN-
625 shell (Design #1) shown in figure 2a.

The shell in figure 2a is about 130 mm in 
height and 80 mm in diameter. Visual inspec-
tion and acoustic testing revealed it to be met-
allurgically sound, without any cracks or visible 
defects. Figure 3a shows the as-consolidated 
FSP shell after removing the loose powder, 
revealing a very good surface finish. The cross-
section of such a shell (figure 3b) reveals that 
the laser consolidation process successfully 
created the complex thin wall structure with 
excellent uniformity. The magnified cross-sec-
tional view shows that, as per the CAD design, 
the laser consolidation process managed to 
generate a sharp corner inside each crest, a 
feature that is very difficult to form using con-
ventional manufacturing methods. 

IN-625 alloy has excellent corrosion resist-
ance against seawater and the laser consoli-
dated material exhibits very good mechanical 
properties. 

Measurements of yield and tensile strength 
were undertaken using a 100 kN Instron 

Figure 1: Folded shell projector prior to assembly, 
showing the laser consolidated shell, piezoelectric motor, 
end caps, stress bolts and clamping screws.

Table 1: Chemical composition of powder materials (wt. %)

Element C Ni Ti Al Cr Mo Ta+Nb V

IN-625 0.03 Bal. - - 22.0 9.0 3.7 -

Ti-6Al-4V 0.07 0.02 Bal. 6.18 0.02 - - 3.94
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Mechanical Testing System. The LC IN-625 
shells exhibits an anisotropic behaviour which 
may be attributed to its directionally solidified 
microstructure. The yield strength and the 
tensile strength of the LC IN-625 along both 
directions are significantly higher than the 
cast IN-625 and comparable to the wrought 
material, although the elongation along the 
horizontal direction is slightly lower. 

Careful NDT inspection on the LC shells by 
using ultrasonic, dye penetrant, X-ray and 
magnetic methods revealed that the shells 
were metallurgically sound, without porosity, 
cracks or other detectable defects.

The external dimensional accuracy of the 
FSP shells (Design #1) was inspected using a 
Mitutoyo PH350 Profile Projector to measure 
four exterior fold crests, 90 degrees apart, at 
9 elevations, along the vertical direction. The 
measurements were compared with nominal 
values obtained from the CAD model of the 
shell and the deviation was calculated for 
each measurement. The average deviations 
of exterior fold crest to the CAD design were 
of order 0.4mm. The wall thickness of the 
FSP shell was measured to be 0.822±0.003 
mm on the half shell (figure 3b) with thick-
ness variations from 0.818 to 0.826 mm. 
Similar measurements on later shells showed 

that significant improvement on 
dimensional accuracy deviations in 
external dimensions of order 0.1mm 
could be achieved with refined 
process control. The conclusion of 
dimensional measurement is that 
the laser consolidation process can 
build complex shells with excel-
lent dimensional accuracy and wall 
uniformity.

Assembly and field testing 
Calibrations of the prototypes were performed 
at DRDC’s Acoustic Calibration Barge, in 
Bedford Basin, Nova Scotia. Arriving at an 
optimum design, a FSP in LC Ti-6Al-4V met 
the design goals of resonant frequency, 
source level and insensitivity to depth. 

The flexibility of the laser consolidation proc-
ess also allowed the exploration of a Shear 
Mode Projector (figure 2c), which looks 
superficially like the FSP, but with a twist 
applied to the shell. A closer examination of 
the figure reveals that the shell has straight 
line generators (i.e., it is a right circular cylin-
der) with sinusoidal corrugations and a twist 
superimposed, whereas the FSP has circular 
generators with parabolic corrugations. The 
ability to quickly and smoothly move the SMP 
from conceptual design to working prototype 
highlighted the value that laser consolidation 
brings to product development and rapid 
manufacturing. 

Conclusions
(1) The laser consolidation process success-

fully built functional net-shape shells in IN-
625 and Ti-6Al-4V FSP that are metallurgi-
cally sound, free of cracks and porosity. 
As-consolidated shells show good surface 
finish and dimensional accuracy.

(2) This work demonstrated that the laser 
consolidation process provides a unique 
capability for rapid design evolution.

(3) The sonar projectors built from laser con-
solidated shells demonstrated excellent 
acoustic performance.

(4) The laser consolidation process has been 
successfully utilized to manufacture a 
number of complex shells and is the only 
proven manufacturing technology to make 
functional net-shape FSP and SMP shells.

Dr. Lijue Xue is a Senior Research Officer with 
NRC-IMTI 

Dr. Chris Purcell is a Defence Scientist with 
DRDC – Atlantic.  
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Figure 2. Laser consolidated flextensional sonar projectors. (Clockwise from top left) (a) an assembled FSP using IN-625 
shell (Design #1) and a half shell showing the cross-sectional view; (b) an FSP shell of modified design (Design #2) in IN-
625; (c) Shear Mode Projector (SMP) shells in Ti-6Al-4V; (d) an FSP shell in Ti-6Al-4V.  The laser consolidation process is the 
only proven rapid manufacturing method capable of building functional net-shape Ti-6Al-4V shells for the FSP and SMP.

a b

dc

Figure 3 (a) an IN-625 shell (Design #1) without post polishing; (b) 
magnified horizontal cross section of the shell.

a b

See Observations p37
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State of the art in laser hardening and cladding 
Part 3 - Laser cladding

Frank Vollertsen, Knut Partes and Johan Meijer

This third and final part of the review 
addresses laser cladding of metal-
lic materials. As in earlier parts we 

present the process principles, process 
development, materials properties and 
applications and provide a bibliography for 
further reference at the end.

Process principle
The aim of laser cladding is to encase the 
surface of a workpiece by deposition in order 
to generate functional layers or regenerate the 
natural shape of the piece. 

In practice the material is deposited by pow-
der injection, pre-placed powder or by wire 
feeding. In combination with the laser beam 
generating a melt pool the additional material 
is melted. Powder injection is the most popu-
lar technique at the present time. 

A great variety of materials can be deposited 
on a substrate by powder injection. The dep-
osition process generates the cladding in the 
form of a track. By putting track beside track 
areas can be treated. Layer thicknesses range 
from 0.05 to 2 mm. Multilayer cladding is pos-
sible to achieve higher cladding thicknesses. 

The process is shown schematically in figure 
1. The powder flow can be off-axis or co-
axial. In both cases the powder travels some 
distance through the laser beam causing 
the particles to be preheated or even melted 
before they reach the melt pool. To protect 
the optical components a cross jet is usually 
applied in order to avoid damage caused by 
heated powder particles. For long running 
clad operations additional heat shield is used 
to protect the equipment (e.g. gas supply tub-
ing) from excessive heat radiation.

Another characteristic of laser cladded sur-
faces is a comparably small dilution zone of 
substrate and clad material. In order to realise 
a low dilution zone the process parameters 

and material combinations have to be fitted 
to the geometrical boundary conditions of the 
workpiece.

Process development
Industrial applications made a break through 
in 1983 in companies such as Rolls Royce, 
Pratt&Whitney, Combustion Engineering, Fiat, 
GM, Rockwell, Westinghouse and others 
[Mac1983, Ebo1983]. 

The process development started with a two 
step process whereby a layer of the clad 
material was supplied on the substrate first 
and in the second step was melted by the 
laser. The clad material was supplied mostly 
as a paste which had the disadvantage of 
contraction at the edges of the track causing 
unevenness in the case of overlapping tracks. 
Moreover, the process took much more time 
than a one step process.

One step processes feed the clad material 
continuously during the procedure mostly as 
a powder transported by inert carrier gas. 
Initially lateral off axis powder delivery noz-
zles was applied. Today it is still common to 
use off axial powder feeding configurations 
for one dimensional process. Coaxial pow-
der nozzles have been developed in order to 
be independent of the direction of motion. 
In [Lin1999] it was shown that the powder 
efficiency can be higher at off axial nozzles 
compared to the coaxial nozzles. Several 
nozzles have been developed for special pur-
poses. Islam et al. [Isl2001] developed a mul-
tiple nozzle for manufacturing and repairing 
turbine blades. Jeantette [Jea2000] invented 
a coaxial nozzle which is used for the genera-
tion of complex shapes, a development that 
has been licensed to Sandia Corporation. 
Keichner [Kei2001] has developed a multiple 
beam and nozzle system to increase the 
deposition rate, a design now licensed to 
Optomec Design Company. 

A combination of laser cladding and painting 
is described by Stiles et al. [Sti2004]. Shortly 
behind the clad nozzle a primer is sprayed 
over the cladding, having a temperature of 
some 150 °C. This protects the clad area 
because the original protective coating 
immediately near the clad track is removed 
by the high temperature. This one step proc-
ess is of particular interest for shipbuilding 
components. 

Historically, the CO2 laser is the source most 
commonly used for cladding because of its 
high power and good efficiency of about 
10%. Currently also Nd:YAG and high power 
diode lasers (HPDL) are successfully used for 
laser cladding. Because their flexibility Nd:
YAG lasers are applied in combination with 
optical fibres and robots. HPDL can also be 
equipped with optical fibre delivery but they 
can also be connected directly to a robot or 
Gantry system [Clu2004, Han2004, Sei2004]. 
The absorbtion of Nd:YAG and HPDL laser 
radiation at the melt pool is high compared to 
the CO2 laser. The HPDL efficiency of about 
35% is also comparably high but the beam 
quality is comparable low. However, as was 
shown in [Hab2003] the relatively poor beam 
quality is not a problem for surface cladding 
but it does limit the ability to use the HPDL 
for going into bores or other deep lying sur-
faces. The application of high power fibre 
lasers is a more recent development; these 
lasers might be incorporated into a mobile 
clad installation, which is expected to be the 
next big development for in-situ repair appli-
cations of laser cladding. 

Research activities are underway [Par2003] 
to improve the treatment time scales of laser 
cladding processes while simultaneously 
improving the process efficiency. The aim of 
this work is to understand the laser cladding 
process at high scan velocities, laser powers 
and powder feed rates [Par2005]. 

Materials properties
It is useful to divide material combinations 
into two main categories: clad materials on 
ferrous and on non-ferrous substrates. 

Most cladding is done to improve surface 
properties of relatively heavy and cheap sub-
strate materials. Consequently, the ferrous 
substrate forms are now the majority.

- Ferrous substrates
    Cobalt base powders 
Cobalt base superalloys (trade name 
‘Stellites’) are popular to improve the wear 
resistance of mechanical parts in hostile envi-
ronments. 

These powders are mixtures of cobalt 
and other elements such as nickel, chro-
mium, tungsten, carbon and molybdenum. 
Chromium is added to form carbides and to 

Figure 1. Principle of laser cladding (BIAS).
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provide strength to the cobalt matrix as well 
as to enhance the resistance against cor-
rosion and oxidation. Tungsten and molyb-
denum have large atomic sizes and give, 
therefore, additional strength to the matrix. 
They also form hard brittle carbides. Nickel is 
added to increase the ductility. The carbide is 
mostly of the chromium rich M7C3 (M=metal) 
type. These carbides (2200 HV) are respon-
sible for the hardness of the clad (~ 550 HV) 
and for the wear resistance. In low-carbon 
alloys other carbides such as M6C and 
M23C6 are found. The hardness and the wear 
resistance for a given cobalt-base powder 
mixture can be further improved by adding 
hard particles, such as carbides, nitrides and 
borides directly to this mixture. An example 
is the addition of tungsten carbide (WC/W2C) 
to a cobalt base powder in order to enhance 
the abrasive wear resistance. Acker et al. 
[Ack2005] investigated the influence of the 
WC distribution in laser cladded metal matrix 
composites on the wear resistance. Tungsten 
carbide allows no plastic deformation, the 
thermal expansion is low and the wet ability 
by molten metals is good, especially cobalt. 
Tungsten carbide is dissolved by molten 
cobalt. The dissolution increases with the 
temperature of the melt and the interaction 
time. Depending on the carbon concentra-
tion in the melt, dissolved tungsten carbide 
crystallizes to WC, or with low carbon con-
centrations, to W2C or brittle phases such as 
Co3W3C and Co6W6C. The temperature of the 
melt should be as low as possible to prevent 
the formation of these phases.

    Nickel base alloys
Nickel base alloys are used for applications in 
aggressive atmospheres at high temperatures. 
They have a good high temperature corrosion 
and oxidation resistance. Nickel base alloys 
can also be used as a substitute for cobalt. 

Elements that can be mixed with nickel are 
chromium, boron, carbon, silicon and alu-
minium. The formation of hard borides and 
silicon carbide improves the wear resistance 
and hardness but these hard phases make 
the coating brittle. Hard particles can also be 
mixed with the clad powder. Addition of tung-
sten carbides to a mixture of Ni-B-Si gives a 
nickel rich structure with fine distributed Ni3B 
and dissolved tungsten. The addition of boron 
and silicon improves the wetting behaviour 
resulting in very smooth surfaces. Aluminium 
can be added to further increase the hard-
ness by the formation of intermetallic phases 
(NiAl3 and Ni2Al3) or oxides (Al2O3).

    Iron base alloys
Mixtures of iron, chromium, carbon and man-
ganese or tungsten show a good wear resist-
ance due to the formation of carbides. The 
carbides are of the type M6C instead of M7C3, 

such as are found in cobalt 
base clad materials. One 
application is the cladding of 
austenitic corrosion-resistant 
layers on top of low carbon 
steels. The corrosion resist-
ance can be further improved 
by increasing the molybdenum 
content.

- Non-Ferrous substrates
    Nickel base substrates
Nickel base alloys retain their mechanical 
properties up to high temperatures in com-
bination with a good corrosion resistance. 
They are especially useful in applications 
such as diesel exhaust valves and jet engine 
turbine blades where they are exposed to 
corrosion and wear at high temperatures. The 
wear properties of the nickel base alloys are 
not very good but they can be improved by 
using cobalt base clads, by protective oxide 
layers such as chromium oxide or by the 
addition of hard particles in a binder alloy. 
Beside their hardness, oxide layers also form 
a thermal and chemical barrier to the harsh 
environment. A problem with ceramic layers 
is the often poor adherence to the coating. 
Elements such as Hafnium and Yttrium can 
improve this adherence. 

A typical application of a cobalt based clad 
alloy is laser cladding of notches of jet engine 
turbine blades.

    Aluminium and titanium base substrates
Aluminium and titanium alloys are popular for 
parts used in the aerospace and automotive 
industries because of their low weight and 
high strength. 

At high temperatures, however, the mechani-
cal properties and the wear resistance are 
poor but this can be improved by a nickel 
base clad layer, combining the advantage 
of light weight with a high temperature wear 
resistance. Nickel, titanium and aluminium are 
known to form brittle intermetallic composi-
tions as Al3Ni, Al3Ni2 and AlNi which are sen-
sitive to cracking. Sandwich layers such as 
Ni-Al bronze can prevent this. 

Well bonded aluminium oxide layers can be 
obtained by cladding aluminium alloys with a 
mixture of aluminium and silicon oxide. This 
leads to the reaction: 

   4Al+3SiO2               2Al2O3+3Si 

The presence of silicon in the oxide layer is 
favourable for the wetting by liquid aluminium. 
The hardness of an aluminium or titanium 
alloy can also be increased by the injection of 
a mixture of hard particles and an aluminium 
respectively titanium alloy. Silicon carbide and 

titanium carbide seem to be especially useful 
hard particles. An application is a clad layer 
of a very hard cubic boron nitride and Ti6Al4V 
mixture on a Ti6Al4V compressor blade.

Applications
Laser cladding is applied for coating, repair 
and refurbishment, rapid prototyping and 
rapid tooling.

    Wear resistant layers
Probably the most common cladding applica-
tions are in the domain of wear resistant lay-
ers on machine components. 

An example of a new product is the cladding 
of hydraulic cylinders in heavy roof supports 
in Australian coal mines by UNS-S43100 on 
4140 Alloy Steel. This has improved the life-
time considerably compared to the previously 
applied hardchrome on steel. Examples of 
repair are components of heavy coal trucks by 
the same company, [And2002].

In sheet metal forming, especially in deep 
drawing, tools are made of high grade nodular 
cast iron materials. These have a good impact 
and wear resistance but are difficult to cast 
without inclusions or porosity. An application 
of laser cladding in this area is make the tools 
of alternative materials such as low grade cast 
iron and apply a laserclad layer to provide a 
high-grade surface. Masen [Mas2004] has 
tested several materials and coatings in deep 
drawing experiments. He found a wear reduc-
tion better than a factor of three compared 
to untreated nodular cast iron. The wear was 
found to be only 4 104 µm3 N-1 m-1, which is 
the same as what could be obtained with 
more expensive titanium nitride coatings.

Examples of wear resistant clad layers are 
shown in figure 2.

Another option for achieving strong wear 
resistant layers is to use carbides as powder 
particles in addition to the conventional clad-
ding powder. 

In one example the hard particle powder 
Cr3C2 – Co was taken. This was combined 
with a NiBSi matrix filler material. This two 
powder compositions were treated in one 
process to generate a clad metal matrix com-
posite MMC. 

 

Figure 2. Laser cladding tool for sheet metal rolling (Photo courtesy NedClad)
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LASER CLADDING

In order to avoid 
high local changes 
in the mate-
rial properties 
the hard particles 
concentration 
was changed 
during the multi 
layer process. By 
this technology a 
gradient of hard 
particles concen-
tration pointing 
perpendicular to 
the surface was 
build up. At the 
surface Cr2C3 concentrations of 70 vol% were 
realized [The2003].

    Corrosion resistant layers
Corrosion resistant layers are applied in 
marine applications, on new components as 
well as for repair. Such lasers are also used 
in high temperature applications in industrial 
furnaces and also in aircraft engines. One 
example, shown in figure 3, is the regenera-
tion of valve seats by laser cladding.

    Other applications

Other applications are found in several 
domains. An example is the surface textur-
ing of roller mills for the transportation of 
cow skin for collagen extraction in difficult 
environmental conditions, see figure 4. By the 
application of laser cladding several 100,000 
tracks of hard clad were deposited on the 
outer surface of the mill to obtain a good 
track with slippery material. It is expected that 
more of such application will follow. 

In the domain 
of prototyping 
and tooling 
the applica-
tions cover a 
wide area from 
spare parts 
and dies in the 
heavy machine 
industry to 
small dedicated 
dental inserts. 
An example of 
refurbishment 
of engine parts 
is given in fig-
ure 5.

Today, work 
continues 
to make the 
processing 
even better. 
Bremer [Bre2004] has shown a strategy in 
order to handle the huge amount of parame-
ters and data. A detailed comparison between 
laser cladding repair welding on aerospace 
materials and conventional TIG welding was 
shown by Sexton et al [Sex2002].

Conclusions
All the laser surface modification techniques 
addressed in the three parts of this review 
have a great potential to address many of the 
demands on surface properties. Some repre-
sentative values are given in Table 1. 

Researchers all over the world are working 
on optimisation and process development in 
order to increase the field of applications for 
laser hardening and cladding even more. The 
computational modelling is very important in 
this development. 

Deeper process understanding and process 
optimisation e.g. in terms of efficiency and 
process speed will help to get a wider appli-
cation in industry for the laser surface treat-
ment technologies.
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Bremer Institut für angewandte Strahltechnik, 
Bremen, Germany 
Johan Meijer is at University Twente, Department of 
Mechanical Engineering, Twente, Netherlands 
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Figure 3. Laser cladding of a 
diesel engine intake valve.  
(Photo Univ. Twente)

Figure 5. Repair of a diesel engine crankshaft (Photo courtesy NedClad)

Figure 4. Detail of transportation tracks on miller rolls, 
with a mm scale on top. (Photo courtesy NedClad)

Table 1: Overview of surface treatment processes

               Typical values

method laser type treated material average laser  treated area per 

   power [kW] time [cm²/min]

 Excimer, aluminium,  

Shock hardening Nd:YAG, titanium, 0.04 – 0.16 0.3 - 60 

 Nd:Glass steel

Transformation  Diode,  

hardening  Nd:YAG,  heat treatable steel 0.5  – 5 20 - 100 

 CO2

 Diode,  aluminium, bronze, 

Remelting  Nd:YAG,  steel,  0.1 – 5 0.5 - 150 

 CO2  cast iron

 Diode,  aluminium, 

Alloying  Nd:YAG,  titanium, 2 - 6 10 - 50 

 CO2  steel

 Diode, aluminium, 

Cladding  Nd:YAG, steel,  0.2 - 5 1.5 - 50 

 CO2  super alloys

See Observations p37
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Gordon Gould's laser patent:  
lessons from history

Peter Roberts

Peter’s article is an excellent and informative 
study of one of the patents that must have 
affected most of AILU members at one time 
– even if they weren’t aware of it! It is gratify-
ing to note that there are now staff, like Peter, 
who are laser qualified, joining a number of 
patent agent companies. This is a tremen-
dous help in drafting and getting photonics 
type patents through the system.

However, on a personal note, I am extremely 
concerned about the patent system as it cur-
rently stands. It is expensive, extremely so 
following the first year, especially if you wish 
to patent in different countries and transla-
tions into multiple languages are required. 
Also, the robustness of the patent seems to 
depend greatly on the amount of cash that 
objectors can use against it. Ordinary compa-
nies often find it difficult, or impossible, to try 
to defend their patent against a larger multi-
national who have in-house patent lawyers. 

A notable exception to this was James 
Dyson, who beat off the big guys. His web 
site has an extremely useful insider’s view 
regarding patents, see http://www.dyson.
co.uk/invent/default.asp Some text from his 
web site puts the patent process into per-
spective nicely:

The patent nightmare
The Dual Cyclone™ was nearly never made 
due to patent and legal costs. Unlike a song-
writer who owns the song he writes, an inven-
tor has to pay substantial fees to renew his 
patents each year. During the development 
years when James Dyson had no income, this 
nearly bankrupted him. He risked everything, 
and fortunately the risk paid off. Then in 1999, 
Hoover tried to imitate a Dyson and James 
Dyson was forced back to court to protect his 
invention. After 18 months Dyson finally won 
a victory against Hoover for patent infringe-
ment.”

I suspect not all of us are that brave! Having 
said all that, if you have a sufficiently valuable 
invention, then you must consider patent-
ing. However, you need to be aware of all 
the downsides as well as the upsides in this 
process and not count chickens!

Tim Holt   Institute of Photonics

This article by Peter Roberts uses a famous 
example of patent law and one that is clearly 
pertinent to AILU(!) to demonstrate the advan-
tages and pitfalls of patenting. It also very 
usefully explains the differences in the patent 
law between the US and other countries.  As 
an academic, I am less familiar with filing pat-
ents than I guess many of our industrial mem-

bers; however whenever I do a patent search 
I am always amazed at the number of very 
similar patents that exist – all good business 
for the patent lawyers I am sure, if anyone 
decides to contest them. 

The principal of patent law is clearly a good 
one, as it allows individuals and companies to 
develop their new ideas into useful products; 
it also makes these ideas public knowledge 
which can help spark off other new ideas and 
further developments.  However, it can be a 
very expensive business (particularly if pat-
ents are contested), make it difficult for small 
companies to know what/when to patent; in 
many cases it may better to simply not tell 
anyone how something is done.

Duncan Hand   Heriot-Watt University

The example of the Gould patent clearly 
demonstrates that IP, if properly protected, 
may yield significant benefits. However, if 
mistakes are made during the patenting then 
the potential to realise the benefits can easily 
be lost. It is extremely important that patent 
protection is applied for as early, and that the 
application is written to be watertight provid-
ing as much detail and the widest possible 
coverage as possible. If in any doubt, consult 
IP professionals and follow their advice. It 
is also very important to follow up an initial 
patent application both by adding improve-
ments to the original application during the 
early stages of the process and by applying 
for additional patents to cover ideas related 
to the original invention. A group of intercon-
nected patents can be very effective at pro-
tecting the valuable core IP.

John Laczik  Oxford University

In this article Peter Roberts picks his way 
expertly through the complexities of interna-
tional patent law. In the process he reveals a 
number of important truths; some explicitly, 
others implicitly. The explicit advice - to file 
early with plenty of detail, to pay careful 
attention to further developments and to 
decide what you really want if push should 
come to shove – can’t be faulted. The implicit 
points – that establishing and protecting 
your rights to intellectual property can be a 
long drawn-out affair, that the outcome can 
be very uncertain and that the costs can be 
substantial – are clear from the experiences 
of everyone involved in the Gould case. The 
final point – which Peter makes only obliquely 
– is that the best way to avoid problems is 
to get the best possible advice at the earliest 
possible stage. IP protection is a specialist 
business and expert guidance can help both 
to maximise the benefits of a patent and to 
minimise the risks.

Graeme Hirst   
Rutherford Appleton Laboratory

Laser nanotechnology for the  
electronics industry

Minghui Hong 

The Data Storage Insitute (DSI) in Singapore 
has been active in laser micro-machining, 
especially laser cleaning, for a long time; and 
have established an international reputation 
in this area. Recently they have moved into 
the area of laser-based nano fabrication tech-
nology and have pioneered the particle lens 
nano-patterning technique. They are one of 
the leading groups in the world in laser-nano 
fabrication. This article reports some of the 
recent work, high quality and diverse. 

Dr. Hong is one of the leading research sci-
entists in the DSI group and he has led many 
high impact projects. His first PhD gradu-
ate, Dr. Zengbo Wang, currently works in my 
group (Laser Processing Research Centre) 
in Manchester as a team member in the 
Northwest Laser Engineering Consortium, 
on laser nano-patterning. Dr. Hong will visit 
the Manchester Laser Processing Research 
Centre for a month in 2007, thanks to a 
Simon Industrial/Academic Fellowship.  

Lin Li     Manchester University

Dr Hong’s article is a concise review of the 
existing state of art in the area of laser nan-
otechnology, an area that could easily take 
up an entire issue of this magazine. Given 
the limitation on article size the author has 
only been able to touch on a small number 
of applications and was not able to go into 
the amount of detail that I am sure he is well 
positioned to do.

I came to this article as a novice in the field, 
but was quickly attracted by the wide range 
of technology and applications that Dr Hong 
describes. I found the article an ideal starting 
point for further research into some of the 
topics.

The area of nanomaterial synthesis by pulsed 
laser ablation was particularly interesting, 
especially if it can lead to the creation of a 
visible nano laser on a Si substrate. One point 
that may have gained from more explanation 
was how pulsed laser ablation differs from the 
more widely used term 'pulsed laser deposi-
tion'. Were researchers, carrying out PLD stud-
ies in the 1990s, creating nanomaterials while 
not actually looking for them? I also re-exam-
ined work, carried out in Queens University 
Belfast, which used a gaseous environment 
to act as high pass / low pass mass filter to 
control the particle size of deposited material. 
It would be interesting to see if this work has 
applications to Dr Hong’s studies.

Surface nano patterning is also an area of 
great interest to the wider community, with 
a number of competing technologies such 

OBSERVATIONS
Short comments on papers in this issue
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as nano imprinting through soft lithography, 
making commercial in-roads. The ability of 
lasers to pattern on the nanoscale, without the 
need for an expensive mask and etch step, is 
where cost benefits can be made. It is for this 
reason that the application of laser induced 
phase change nanolithography to create FETs 
in a massively parallel process may make 
more commercial sense than super resolution 
nanoimprinting through microlens arrays.

The article was also interesting in that it 
described the use of a l wide range of lasers 
such as Excimer, CO2 and femtosecond laser 
nano patterning. It would be interesting to 
know if a short pulse picosecond system 
could perform as well as a femtosecond sys-
tem and what the effects would be on resolu-
tion and throughput. This would be important 
from the view point of system integration into 
a commercial application and may open up 
the technology to current electronic industry 
requirements.

In summary I was very impressed by the 
breadth of Dr Hong’s research and his ability 
to explain it to a non-expert audience. The 
article has brought new laser based applica-
tions to my attention and as part of my New 
Years resolutions I will certainly make the 
effort to follow them in more detail. 

David Gillen    Blueacre Technology

This review of recent work at the DSI in 
Singapore covers an enormous area of poten-
tial applications for nanotechnology and is an 
excellent reminder of just how widespread the 
uses of nanotechnologies are likely to be. The 
term nanotechnology is used so frequently 
nowadays – often as a throwaway tag or 
buzz-word - that it is good to remember that 
there are already hundreds of consumer and 
industrial products in the market using nan-
otechnologies and that many developments 
are in the pipeline which will enhance this 
uptake of nanotechnology further. 

These brief comments cannot do justice to 
the breadth of work mentioned in the article 
but a few points are worth highlighting:

• The approach of ‘bottom up’ fabrica-
tion is an exciting one as it opens up 
the opportunity to produce devices with 
bespoke characteristics down to an 
atomic level. This ‘nano control’ of mate-
rial composition is likely to lead to vastly 
superior performance for many functional 
devices.

• It is interesting to note that something 
as simple as excimer laser ablation of 
materials can lead to the production of 
pure nanomaterials and that the material 
properties can be controlled so precisely. 
Visible emission from silicon, as shown 
in the article, may be revolutionary in 
many applications due to the ubiquity 

of silicon as a manufacturing material 
and this result comes alongside recent 
breakthroughs in silicon lasers in the US. 
Although the specific details of the exci-
mer ablation process are not discussed, 
it may be the case that many of us may 
have been making nanowires in the past 
without even knowing about it!

• The same applies to the production of 
nanobumps on glass with a CO2 laser 
– even less is said about how this was 
done, which is a shame.

• The developments in nano-lithography 
and nano-patterning mirror much of 
widespread interest in these areas and 
the one thing which this article does 
highlight is that such nano-lines and 
nano-holes/bumps can now be routinely 
made with extremely high degree of con-
trol and reproducibility. 

Institutes such as the DSI play a vital role in 
connecting basic ‘lab’ research to industrial 
applications. Their work can show us how 
quickly some of these new technologies are 
maturing and what is on the horizon. This 
article gives us a glimpse of what may be to 
come.

Nadeem Rizvi   
UK Laser Micromachining Centre

Laser micromachining in 3D and  
large area applications

Andrew Holmes and James Pedder

The article introduces an area of laser 
micromachining that is creating an enormous 
interest from industry: 3D structuring of large 
areas.  With numerous applications, such as 
microelectromechanical systems (MEMS) and 
large area visual displays, microstructuring of 
polymers on a large scale is an enabling tech-
nology that offers high throughput and optical 
quality finish.  

An interesting process for polishing of the 
final component is mentioned in the arti-
cle. The technique is used to improve the 
half-tone machined surfaces and the result 
achieved, a roughness of 8.4 nm, is very 
impressive. The author also reports on the 
SIS producing similar results, which is even 
better given the fact that it is a layer-by-layer 
removal process.

Todor Dobrev   Cardiff University

How do you produce optics with micron 
dimensions, sub-micron precision and 
defined curvatures, up to many square metres 
in size and without artifacts or optical dis-
continuities? This is currently the challenge 
facing many display manufacturers and exist-
ing techniques cannot meet all these criteria. 
Laser machining, however, can provide the 

solution and this article provides a clear and 
through appraisal of the methodology for 
doing it. The evidence is clear enough – such 
micro-optics can be produced and the results 
show an excellent control and understanding 
of the processes. 

This is a comprehensive article and the spe-
cifics of the process are well detailed. The 
measurements of surface quality made with 
DHM are interesting to note. These show 
that although the surface quality may not 
be sub-50nm in all cases (e.g. <l/10 for the 
visible), it does not matter if the sample is 
fit-for-purpose and has other attributes which 
are equally important, e.g. lack of optical dis-
continuities or large area coverage. It is the 
balance of all the specifications which make 
the entire structure usable and not just the 
reliance on a single factor. In my experience, 
when discussing factors such as quality or 
reproducibility, it is quite common to be given 
a specification (and tolerance) which is an 
‘ideal world’ figure – further discussions usu-
ally reveal that a more realisable set of specs 
are acceptable and that some specs can 
be relaxed if all the critical features are met. 
The message is that although a request may 
start off stating that Ra values of 10nm are 
needed, 50nm roughness may be perfectly 
acceptable if combined with large area cover-
age and high repeatability, for example. Laser 
machining allows such a balance of effects 
to be produced and this article illustrates this 
very well.

Nadeem Rizvi 
UK Laser Micromachining Centre 

Laser processing of composite materials

Duncan Hand

The machining of composites is possible, 
provided the correct laser with the correct 
parameters are chosen. Possible but often 
resulting in disappointment. 

As is pointed out, both organic fibre and 
metal matrix composites pose challenges.  
The edge is usually rougher; the higher melt-
ing component is over represented on the 
surface; there may be thermal damage of the 
matrix or substrate into the bulk; The laser 
processed edge may have various undesir-
able attributes. Often the cut edge of a com-
posite is in many ways "worse" than a homo-
geneous material. 

From a Job Shop point of view,  when real 
composite applications are discussed there 
is a much greater problem in understand-
ing the application, discovering which of the 
multiplicity of trade-offs cause problems and 
understanding the costs of getting round the 
various induced faults than with 'standard' 
materials. Getting a technically acceptable 

OBSERVATIONS
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and affordable result has to be a very open 
and close partnership between the designer 
and the laser processor. 

As a post script, I had not thought of clad 
materials as composites but I suppose they 
could be. The technology is very different in 
adding rather than subtracting material. And If 
metal on metal cladding is a composite then 
surely also are the various lubricating and 
friction materials on metal substrates, and 
reflecting, non reflecting and luminous and 
scintillating coatings on substrates.  Many of 
these are laser processed successfully. 

Neil Main   Micrometrics

Duncan provides a nice introductory overview 
of laser processing of composites, materi-
als that are gaining increasing importance in 
industry - offering major benefits in terms of 
strength to weight ratio, for example. Perhaps 
the best know of all composite materials 
(apart from concrete - which everyone takes 
for granted - lets hear it for Roman engineer-
ing!) is carbon fibre for high end aerospace 
and automotive manufacturing. Processing 
composites such as carbon fibre is notori-
ously difficult by conventional means, which 
has hindered uptake. It is therefore implicit 
in this paper that lasers may potentially be a 
major enabling technology for the introduction 
such composite materials into mass produc-
tion for transportation, rather than for very 
high end niche military applications, as is the 
case today. 

To comment on the paper directly; additive 
laser processing of composites appears to 
be largely an extension of laser melting with 
non-molten hard particle being blown into the 
melt. It would be interesting to know to what 
extent wavelength influences the process; 
CO2 might for instance result in reduced heat-
ing of reflective particles for steel treatment, 
but might not offer sufficient bulk absorption 
for materials such as Aluminium. I am inter-
ested in the effect of the laser beam upon the 
additive particles and how that may affect 
ultimate mechanical properties.

Subtractive laser processing is more diverse. 
Duncan comments on laser drilling of 2mm 
thick multilayer carbon fibre, and observes 
that there is less lateral damage for longer 
pulsed lasers, a counter-intuitive result. This 
he ascribes to secondary plasma heat trans-
fer effects. However, he does not comment on 
the laser wavelength, pulse energy, rep. rate, 
M2 or focusing array - all of which would be 
highly significant. Nevertheless assuming the 
lasers had comparable M2 and other beam 
parameters, I would put forward an alternative 
hypothesis. When processing carbon fibre in 
an organic matrix, combustion must play a 
significant role. I think a longer pulse in ambi-
ent conditions (or with a reactive assist gas) 

would favour combustion rather than vapori-
sation. This could be a more efficient drilling 
mechanism compared to intense but low 
energy, millijoule, nanosecond pulses, vapor-
ising the material on a micron scale. Therefore 
it may be that more energy is required to drill 
a hole with ns pulses than ms pulses - and 
so the former is more prone to lateral energy 
transfer, being less energy efficient. This could 
be investigated by comparing the drill time 
normalised to laser output power.

Duncan also shows some excellent results 
relating to 'cold' laser machining of green 
state ceramic. It is lovely to hear description 
of a CO2 laser 'cold-process', a description 
usually zealously guarded by ultrafast and UV 
laser users. The detail of the results is impres-
sive and may be impossible to replicate by 
mechanical means. However, there must be 
some heat transfer into the reinforcement and 
nearby matrix material. I would be interested 
to know what effect that has on subsequent 
curing, particularly in relation to distortion, in 
comparison with conventional results."

Matt Henry   Powerlase 

Dr. Hand’s article is a good starting point for 
those who are interested in laser processing 
of composites materials. At present the major 
laser applications are cutting or drilling and 
the most important thing is to choose the 
right laser for the job, in terms of wavelength, 
average power, and whether CW or pulsed. 

Advanced composites have emerged as the 
structural materials of choice for many appli-
cations in a range of industries especially in 
aerospace because of their superior specific 
strength and stiffness properties. However, 
machining of composite materials often poses 
a tremendous challenge, particularly for fine 
profiles and counters and for hybrid laminates 
consisting of two or more vastly dissimilar 
materials. Conventional approaches used for 
composites, such as water- jet machining, are 
not always appropriate, and consequently, 
additional cost is often occurred; and in many 
cases more machinable materials are sub-
stituted. Laser machining of a range of com-
posites can offer a solution to some of these 
problems, although the laser- material interac-
tions are still are not well understood.

Many composite materials, for example glass 
filled epoxy resin, are ideally suited to CO2 
laser cutting. Cutting speeds and qualities 
are, in general, a compromise between the 
cutting characteristics of the materials joined 
to create the composite. Carbon-reinforced 
materials have been machined with some 
success, but the cut quality depends on upon 
the carbon content and degradation charac-
teristics of the matrix. High carbon content 
materials are difficult to cut, and the high 
temperatures reached combined with high 

thermal conductivity of carbon compared to 
glass, can result in heat- affected zones of 
matrix degradation of unacceptable width. 
These problems can be minimised by using 
CO2 in a pulsed mode rather than in a con-
tinuous mode.

In summary: 
• CO2 laser is best suited for cutting poly-

mer composite materials.
• Both CO2 and Nd:YAG can be used for 

cutting ceramic and metal based com-
posite material. 

• CO2 laser cutting of polymer composites 
is dependent upon the fibre reinforce-
ment and the thickness of composite.

• For carbon fibre reinforced composites 
it is difficult to achieve cuts in material 
thickness over 4mm. In addition, separa-
tion of fibre and the resin occurs.

• Cutting of ceramic materials is affected 
by cracking caused by thermal shock. 
Use of pre/post heating can reduce this 
problem but some microcracking still 
occurs. 

In my experience composite materials can 
be cut by using laser but the quality is not as 
good as with water jet. 

Mo Naeem   GSI Group

Applying laser consolidation to the manu-
facture of flextensional sonar projectors

Lijui Xue and Chris Purcell

The article is a perfect example of an applica-
tion where a novel manufacturing process is 
preferable to a conventional one. Laser con-
solidation is effectively the same process as 
Laser Cladding, Direct Metal Deposition, and 
Direct Metal Laser Deposition, in that metal 
powder is focused through a process nozzle 
into a melt pool formed by a laser. Dr Xue 
has very successfully optimised his process 
to net-shape manufacture which, depend-
ing on the specific application, can remove 
the necessity of post-deposition machining. 
However, it is likely that this benefit has been 
at the cost of building at lower deposition 
rates; which when coupled with the expense 
of laser processing may make additive manu-
facturing a high cost route. Nevertheless, as 
this application illustrates, the expense is not 
necessarily prohibitive.

Furthermore, this article illustrates the poten-
tial component performance benefits that 
additive manufacturing can produce. This, 
rather than reduced lead-times or material 
usage, may be the catalyst for cost effective 
industrial application of the process.

Phil Caroll   TWI

39

OBSERVATIONS

Issue 45.indd   41 13/12/06   08:00:47



The Industrial Laser User       Issue 45, December 2006

State of the art in laser hardening and 
cladding: Part 3 - Laser cladding

Frank Vollertsen et. al.

This has been a very interesting and useful 
series of articles. Laser cladding is now rela-
tively mature with commercial systems avail-
able (it would have been useful to list these) 
and there are specific industrial applications 
for the process, which are highlighted in the 
article. 

t was very briefly mentioned in the article that 
there are alternative methods for cladding 
that use a different thermal source such as a 
TIG or MIG gas metal arc. It is perhaps use-
ful to understand why the extra expense of a 
system using a laser for the thermal source is 
often selected.  

The reasons centre primarily on the high 
degree of control that is achievable with the 
laser. This leads to the following benefits:

• accurate control of depth an therefore 
cooling rates.

• good spatial resolution leading to even 
layer profiles

• the ability to combine the powder and 
beam delivery in one coaxial nozzle or, 
for off-axis systems, to accurately know 
where the laser beam is

• relatively high intensities are possible 
leading to high melting efficiencies.

Although not really mentioned in the article 
one of the main new applications for laser 
cladding is additive manufacture. Additive 
manufacture refers to the direct fabrication of 
(in this case) metallic structures by building 
up layers of material directly from CAD data. 
The systems are directly analogous to the 
stereo lithography systems that have been in 
common use for many years for rapid proto-
typing. For additive manufacture though, real 
parts can be made as the structure is metallic 
with reasonable mechanical properties. In fact 
many of the commercial laser cladding sys-
tems were developed for this rapidly expand-
ing field. Extremely complex shapes have now 
been demonstrated with high accuracy; it is 
an area of very active research here in the UK. 

Stewart Williams   Cranfield University

Laser cladding was one of the first industrial 
applications of lasers. As time has gone on, 
increasingly advanced systems involving 
complex optics, special powder delivery noz-
zles, process monitoring and control sensors 
have become available and these have pro-
vided new opportunities for this technique. 
The authors provided a good review of the 
development and application of the process 
and will be found particularly useful to anyone 
new in this area. 

Steve Shi   TWI

Once again the third and final part of this 
series of article has shown the variety of 
potential applications. For laser cladding 
the most important application has been the 
repair of turbine blade tips. There are at least 
three companies in the UK using this tech-
nique, and one American machine tool builder 
has dominated the market in blade repair 
machines.

Outside of this area, take up in the UK 
has been limited. One reason for this was 
a degree of conservatism in the design / 
fabrication sector. Laser cladding was an 
expensive way of depositing 5mm thick coat-
ings over any significant area. Yet despite the 
fact that such thicknesses were more than 
adequate for many applications, designers / 
fabricators have been reluctant to go for coat-
ings of 1 to 1.5mm thick that would make the 
process economic. Perhaps a subject for the 
Design for Laser Manufacture initiative?

Martin Sharp    
Lairdside Laser Engineering Centre

The article initially covers the fundamentals 
of laser cladding covering powder delivery, 
including pre-placed, off-axis and co-axial 
and their advantages and disadvantages and 
the laser systems used for the process and 
moves on to deal with the substrates and 
deposited powders. 

The process description is split into ferrous 
and non-ferrous substrates which I think 
would be very easy to follow for a reader with 
limited exposure to the process.  

The three main powder alloy types (iron, 
nickel and cobalt )are covered in some depth 
together with their main areas of application ie 
wear or corrosion. Again, I found this section 
to be very useful for a novice in the field as it 
provides a very good summary of the metal-
lurgy associated with the different substrates 
and powders.  

The last section deals with some of the clad-
ding applications. The applications are dis-
cussed in general terms with little information 
provided on the process details; a point that 
could be addressed in any future articles on 
the topic.   

Overall, I found the article to be useful to a 
potential user with little knowledge or experi-
ence in this area. It provides a good starting 
point on the process, types of powders used, 
lasers used for cladding and current applica-
tions of the technology.   

Milan Brandt    Swinburne University of 
Technology, Australia

CBM Annual Dinner 

28 March 2007

Marriott Forest of Arden  
Hotel & Country Club

After dinner speakers 2007:
RACHEL LOWE and ROBBIE GLEN

Rachel Lowe
Ex-taxi driver Rachel’s roasting in the 
Dragon’s Den gave her the incentive to 
prove the Dragons wrong. Her board game, 
Destination London, became one of Hamley’s 
Christmas bestsellers last year. 

Now she is on the verge of selling it as the 
spin-off to a screen production in a deal 
worth £5million. ‘Their negativity did drive 
me on to make it more successful,’ said Ms 
Lowe.

Robbie Glen
Robbie Glen has a dry Scottish wit, timing 
and an ability to read an audience which 
makes him one of the finest UK after dinner 
speakers you are ever likely to hear. He has 
a rare gift for making people laugh and is a 
great favourite on the after dinner circuit.

"Robbie Glen had them rolling in the aisles. 
This man should carry a government health 
warning: He is seriously funny"  
The Sunday Times

Sponsorships
The Confederation of British Metalforming is 
looking for sponsors for this event. Sponsors  
are featured in the CBM newsletter and 
magazine (Feb 07 or April 07), have their  
logo/artwork displayed in the flyer and or 
programme [depending on what they spon-
sor] and have exhibition stand space on the 
night in the function room

Sponsorship opportunities include the dinner 
flyer/invitation, the programme/attendance 
list circulated on the night, the menu and 
placecards

For further information about sponsorship contact 
Kirsi Lintula at the CBM

E: kirsi.lintula@britishmetalforming.com

As a sign of the closer co-operation 
between AILU and the Confederation 

of British Metalforming, the 
Association will be supporting the 

CBM Annual Dinner
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EVENT REVIEW

Nearly 500 laser industry profession-
als and students attended the 25th 
ICALEO organised by the Laser Institute 
of America in Scottsdale, Arizona, 30 
October - 2 November. It included a Laser 
Microprocessing Conference, a Laser 
Materials Processing Conference and a 
number of short courses. The technical ses-
sions contained approximately 200 papers 
and 30 poster presentations. 

The attendees at this year's ICALEO repre-
sented 27 countries with large delegations 
from Germany, Japan, Canada, the UK, 
France, Finland and the U.S.

Reflections
I think one of the most interesting points in 
recent conferences has been an open compe-
tition between disc and fibre laser technolo-
gies. In a few years we will see if either of 
these becomes a dominant source in the high 
power range and if they can they can over-
come the CO2 laser!

We saw at ICALEO that fibre and disc lasers 
are becoming efficient tools for deep pen-
etration welding (close to electron beam), for 
high speed welding and cutting of sheet met-
als, for high quality cutting with optical fibre 
delivery and for remote welding. They will 
surely take a share of the activity in the laser 
processing of metals, but how soon and how 
big a share it will be will have to be seen.

Veli Kujanpää  Lappeenranta University 

Once again, the laser material processing 
session was dominated by fibre lasers: this 
source alone had three full sessions dedi-
cated to it and nearly every other session has 
at least some mention of fibre lasers! They 
are gaining very strong momentum in thick 
section laser material processing. Most frus-
trating about the fibre laser sessions was the 
absence of any mention of their disadvantag-
es. More balance would have been refreshing; 
more interesting still if there had been any 
paper on disc lasers.

Another interesting session was laser welding 
of polymers and plastics. This session had a 
good mix of new process ideas and additional 
information on the current techniques for 
welding these materials. 

Mo Naeem    GSI Group

It was noticeable that the excitement sur-
rounding fibre lasers had quieten since the 
last ICALEO as the supplier industry has 
become more established, and there were 

several excellent sessions that got to grips 
with what these lasers can really do. 

There were some very strong micro and nano 
processing sessions that showed a lot of 
great technical work being undertaken. This 
included one presentation that described 
100nm radius holes being drilled into silicon 
using a Femtosecond lasers - and the great-
est problem was positional accuracy! There 
was also an excellent session that dealt with 
lasers in the flat panel display industry.

Overall this was a very informative conference 
with an array of relevant sessions.

Paul Harrison   Powerlase

This years ICALEO was again one of the high-
lights of the year. With one session dedicated 
to the modelling of laser processes and more 
papers with significant modelling and simula-
tion content in specialised sessions it again 
testified to the need for simulation to provide 
further understanding of laser mechanisms 
and to aid the development of new proc-
esses. The healthy mix of practitioners with 
industrialists and scientists aided sparked off 
new collaborations and ideas. Some of the 
awe-inspiring advances made in the applica-
tion of laser sources and the development 
of new sources will undoubtedly create new 
demands for modelling work 

For next years event I would like to see more 
papers that report not only the success-
ful reproduction of experiments in colourful 
simulation movies but that also advance our 
understanding and shake established inter-
pretations, and provide essential insight on 
the complexity of interactions around highly 
focused laser beams. 

Marcus Gross   Cambridge University

I had been the student paper prize judge 
during ICALEO06 and had to run between 
various parallel sessions during the confer-
ence. I also chaired a session on Direct Metal 
Deposition, which allowed me to sit for one 
complete session, during which there were  
three papers I found particularly interesting:

Laser cutting of 2024-T3 aeronautic aluminum 
alloy' by Antonio Rivero et al from University 
de Vigo, Spain reported the use of an off-axis 
ultrasonic gas jet for the CO2 laser cutting 
aluminum alloys without leaving recast. They 
also reported that the cut edges are free from 
heat affected zone and crack, although this 
was challenged during the conference. They 
are sending one of their group to Manchester 

to confirm their results using our 1 kW single 
mode fibre laser.

In the presentation 'Laser-assisted combus-
tion-flame synthesis of diamond films' by 
Y.X.Han et al from University of Nebraska-
Lincoln, USA it was amazed to see diamond 
produced in open air when soot produced by 
a flame torch was blasted by excimer laser 
pulses at 248 nm. The technique appears 
simple to apply as coatings on substrates.

Finally, I was also greatly impressed by the 
Lijue Xue et all of the National Research 
Council of Canada, which appears in this 
issue of the magazine (p32). 

Lin Li   Manchester University 

There was a strong direct metal deposi-
tion theme at the conference; interest in this 
process is increasingly from users of high 
performance nickel and titanium alloys. And 
there were papers that challenged aspects 
of ‘conventional’ thinking about the process. 
For example, researchers form Canada found 
no relation between specific energy (generally 
adopted as an ‘overall process variable’) and 
dilution or pool depth; and proposed a com-
pletely different combined parameter.

Fbre and disk lasers featured prominently. 
Welding received more overall attention than 
cutting. The overall feeling was that use of 
these types of lasers will continue to expand 
into other areas of laser materials processing.

Outside the session halls, the consensus was 
that different applications require different 
lasers; and different processes according to 
scale, required speed, surface finish etc. 

Andrew Pinkerton   Manchester University

ICALEO 2006 proceedings are available on 
CD-ROM and can be ordered online at www.
laserinstitute.org. AILU members can enjoy 
the LIA member price of $180. 

ICALEO 2006: Scottsdale, Arizona 30 October - 2 November
Reflections of some AILU delegates

The Beer's Law group of musical delegates perform at the 
'Meet & Greet Fiesta' with the help of several members of 
the LIA team (blue tops). AILU members may have spotted 
our own Matt Henry (Powerlase) on lead guitar
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EVENT REVIEW

The workshop 'Fine laser cutting: working at 
the sub-mm level' at BOC in Wolverhampton 
on 20 September 2006 addressed an area 
that has fallen through the gap between flat-
bed, large scale laser cutting on the one hand 
and laser micromachining on the other. AILU 
regularly holds workshops on these topics, 
but fine laser cutting at the sub-mm level 
hasn’t really been considered in it’s own right. 
However, as delegates at the workshop dis-
covered, there is a lot of activity in this field. 

The fine laser cutting process can be 
described as cutting a relatively thin and pos-
sibly highly flexible material to produce small 
features with high accuracy and repeatability. 
Very often these materials are very difficult to 
process using conventional methods, and as 
the techniques and technology of fine laser 
cutting has expanded and developed, so has 
an industrial demand for it emerged. 

A comprehensive set of speakers lined up for 
the day representing a cross-section of laser 
manufacturers, system integrators and end-
users. The speakers presented between them 
an account of fine cutting of a wide range of 
materials, with many commercial examples of 
cutting of silicon, ceramics and a broad range 
of metals from stainless steel to copper. There 
was also some nice original thinking present-
ed by Prof. Steen who opened the workshop 
with an entertaining and highly original review 
of new and potentially highly efficient laser-
assisted metal cutting techniques involving, 
among other phenomena, laser-controlled 
fracturing and laser-generated coherent shock 
waves!

During the workshop it became clear that fine 
laser cutting has several distinct features that 

sets it apart from other types of laser 
cutting, including:

• A demand for a wide range of 
materials to be processed and 
consequently a variety of laser 
types to be employed. Generally 
any laser that can generate a small 
tightly focused spot is a candidate 
for such processing. Potential 
laser types include sealed CO2, 
many types of Nd:YAG (flashlamp 
pumped and diode pumped, at 
fundamental and harmonic wave-
lengths and at different pulse 
widths) and fibre lasers. The choice 
of laser remains dependant on two 
factors – the material character-
istics of the part being processed 
and cost of ownership of the laser.

• Jobs are more individual than for 
other types of cutting and requires a 
specific machine configuration including 
dedicated part handling and fixturing. 
Short batch runs are less common, the 
cause of which is often associated with 
long set-up times. There are, however, 
standard machines for certain fine cutting 
jobs - such as the production of stents 
by thin tube cutting. 

Following the workshop a brief tour of the 
BOC facility was provided, with a presenta-
tion of the current gas storage and regulation 
options and finishing with a practical dem-
onstration of the capabilities of liquid nitrogen! 

In conclusion, a most interesting and enter-
taining day, underpinned by the generosity of 
the BOC staff and the excellence of the facili-
ties they provided.

Fine laser cutting: working at the sub-mm level
Reflections by the workshop Chair, Paul Harrison

Speakers at the 'Fine laser cutting' workshop. (l to r)  
Richard Jessett (GSI Group), Mike Jackson (Loughborough University),  
Bill Steen (Past AILU President), Andrew Kearsley (Oxford Lasers),  
Martin Sharp (Lairdside Laser Engineering Centre),  
Neil Main (Micrometric), Juergen Stollhof (Trumpf Laser GmbH),  
Mark Cole (BOC), Andy May (Rofin-Baasel),  
Tuan Anh Mai (Synova, Switzerland), John Tinson (SPI Lasers),  
Heather Booth (Exitech), Richard Simons (OpTek Systems),  
Paul Harrison (Powerlase, Chair)

MEDTEC Ireland 2006
Reflections by John Cocker (Laser Trader)

The MEDTEC Ireland 2006 show 
was held in Galway 20th – 21st 
Sept 2006.    

The venue for the show was 
the Radisson SAS Hotel and in 
conjunction with the exhibition 
there was also a 2 day confer-
ence. The conference focused 
on quality control and regulatory 
compliance within the medical 

industry, topics ranging from measurement 
error to risk management.  

MEDTEC is the only industry event dedicated 
to Ireland’s US$4 billion medical device 
market. The event was organised by Canon 
Communications LLC, which publishes 
European Medical Device Manufacturer 
and Medical Device Technology magazines.   
There were approx 100 companies exhibiting 
at the show and there was a good selection 
of equipment suppliers, material suppliers and 
device manufacturers. Many of the companies 
in this sector are using lasers in the produc-
tion of medical devices – stent cutting, heart 
pacemaker welding and biopsy needle manu-
facture to name but a few.  

The medical sector in Ireland looks to be 
expanding at a rapid rate and is an exciting 
area for laser processing.  You only have to 
drive around the Hi-Tec industrial estates on 
the outskirts of Galway to see that a lot of 
money is being spent within this sector.

I would encourage other companies to attend 
future events in Ireland.

Thanks to AILU support for LIM 2007, members can enjoy the discount enjoyed by the mem-
bers of WLT, the conference organisers. This means that for delegates registering before the 

end of March 2007 the fee will be € 440 instead of the non-member fee of € 550.  Registration 
details are available at http://www.wlt.de using the 'LIM 2007' link.  

The reduced registration fee is only available by registering via the WLT

Abstract submission
Due to WLT web site problems with downloading the template for submitting abstracts, they will 
accept submissions in free format. Minimum information required is:  authors name(s) and affili-
ation; full address of the corresponding author; title of the presentation; a short abstract of at 

least 300 words and a reference to one or two topics according to the call for papers. Abstracts 
should be sent via e-mail to lim@bias.de by 12 January, 2007. 

The authors will get the notification of acceptance by 2 February, 2007 latest.  
The due date for full paper submission is 15 March, 2007. 

AILU support provides delegate discount

Lasers in Manufacturing LIM 2007

Issue 45.indd   44 13/12/06   08:00:49



The Industrial Laser User       Issue 45, December 2006 43

EVENTS
FEBRUARY
14 IPOT Exhibition (14-15)
 NEC 

http://www.ipot.co.uk
 E: helen.thewlis@trident-exhibitions.co.uk

28 AILU Workshop
 New opportunities in 

rapid tooling, repair and 
cladding 
Innovation Technology Centre 
Rotherham
See inside back cover or web site for 
details

MARCH
28 Metal Industry Dinner
 See p40 for details

Further ahead...
APRIL
18 Step Into the Light

Innovation Technology Centre 
Rotherham
http://www.miwl.org.uk 
E: miwl@twi.co.uk

19 AILU AGM
 Warwick International 

Manufacturing Centre

MAY
1 SUBCON 2007 (1 - 3)
 NEC  
 http://www.subconshow.co.uk  
 E: jonathan.clark@centaur.co.uk

JUNE
18 Lasers in Manufacturing  

LIM 2007 (18 - 21)
 International Congress Centre 

Munich, Germany
 http://www.wlt.de/lim2007html   

E: lim@bias.de 
See p42 for details

AUGUST
20 11th NOLAMP  (20 - 22)
 Lappeenranta, Finland  

http://www.nolampjoin2007.fi  

EVENT REVIEW

It has been two years since AILU had held a 
workshop on polymer processing. The event 
on 22 November 2006 provided a timely 
update on the significant developments that 
have occurred in the last two years, exempli-
fied by a transition from R&D into large vol-
ume applications. Laser marking can now be 
carried out in many colours. Machining and 
welding is possible using greater precision for 
small complex components and applications 
in the automotive and electronics industries 
are multiplying, where polymer electronics will 
become increasingly important.

Paul Hilton, former AILU president, began the 
workshop with the David Greening memo-
rial lecture, an introduction to processing of 
polymers that highlighted the wide range of 
processes now using lasers.

In the first session, which dealt with laser 
marking of polymers, James Rowe from 
Gabriel Chemie presented the materials 
aspects, showing how additives are now able 
to provide dark marks in clear material and 
a range of coloured marks. Gary Broadhead 
(Laser Lines) and Mark Drechsler (Scanlab) 
provided details of the laser sources and 
scanning optic equipment now available for 
marking. Lasers can provide marking resolu-
tions below 50µm and scanning optics match 
this and allow scan rates of many m/s and 
extend the process to 3D scanning using on 
line optics to rapidly control the focus posi-
tion of the beam.

In the plastics welding session Marcus 
Warwick (TWI) highlighted opportunities for 
lasers to be used in welding textiles where 
sealed seams can be made whilst retain-
ing the outward appearance and feel of the 
fabric. The first welding application for diode 
lasers was in the automotive industry in 
Germany in 1998, and Dirk Hänsch, MD of 
Prolas, charted the rapid growth since then 
illustrating his presentation with a range of 

automotive applications that his company 
have put into production, including pressure 
vessels and electronic packages. Gareth 
McGrath (Gentex) provided further evidence 
of the expansion of plastics laser weld-
ing, using Clearweld, a technique allowing 
plastics to be welded without any restraints 
on colour. Most of the applications for laser 
welding plastics rely on transmission of the 
energy through the plastic to an absorbing 
surface. However, by careful selection of the 
wavelength it is possible to distribute heat 
through a significant depth of material. With 
potential for applications in future, Karsten 
Scholle (Lisa Laser), showed how a 2.0µm 
wavelength laser could be used for direct 
rather than transmission welding.

The final session covered micromachining 
applications. Not only is it possible to control 
feature size and resolution to a few microns, 
this can be achieved at commercially viable 
rates. Presentations by Andrew Kearsley 
(Oxford Lasers) and Mike Osbourn (Optek 
Systems) provided examples of such com-
mercial equipment, showing how picosecond 
pulsed solid state lasers and other new sys-
tems operating at pulse rates of many tens of 
kHz are providing a new range of possibilities 
in capacitor manufacture, fingerprint sensors 
and microfluidic analysers to name but a few. 

Janet Stoyel (The Cloth Clinic) rounded off 
the event with a dip into the world of fashion, 
where the variety of textures, patterns and 
joints possible on a vast array of fabrics with 
a CO2 cutting bed was truly amazing. Even 
more inspiring was that Janet has been pro-
ducing these creations for over 15 years.

Laser processing of polymer-based materials
Reflections by the workshop Chair, Ian Jones

Speakers at the 'Polymer processing' workshop. Back 
row (l to r) Marcus Warwick (TWI),  
Gary Broadhead (Laser Lines Industrial and Medical),  
Mike Osborne (OpTek Systems),  
Mark Drechsler (Scanlab AG, Germany),  
Karsten Scholle (Lisa Laser, Germany),  
Andrew Kearsley (Oxford Lasers),  
Dirk Hänsch (Prolas, Germany).  
Front row (l to r) James Rowe (Gabriel Chemie, UK),  
Janet Stoyel (The Cloth Clinic), Ian Jones (TWI, Chair) and 
Paul Hilton (TWI).  
Missing from the picture is Gareth McGrath of Gentex.

Laser Clinic at the Polymer workshop. With the launch of  
the Photonics KTN, the  Polymer workshop became the first  
AILU event to feature a PKTN 'laser clinic' where delegates 
could pre-book time during the lunch period for one-to-one 
discussions with speakers and other experts. This first such 
clinic proved a great success.
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Promotione L@ser is an Italian university-
led initiative recently launched from within 
the A.I.Te.M, a professional engineering 
institute. I was invited to give a presenta-
tion on 'AILU: the UK experience' at the 
launch on 30 November. Earlier corre-
spondence caused me to review again the 
relationship between suppliers and users 
in the laser community and it came as no 
surprise that the main topic of interest was 
for them to understand how AILU deals 
with competition between members who 
were suppliers.

I offer three insights into the nature of this 
competition. The first is the recognition 
that within the laser user community it is 
not just laser manufacturers and agencies 
who are suppliers; universities are sup-
pliers to laser users too, and they can be 
equally competitive! Indeed, one of the 
most promising aspects of Promotione  
L@ser is that it is inclusive and enjoys 
broad university support. The second is 
that an inclusive laser user association 
must expect to have a large fraction of 
suppliers as members (within AILU 35% 
of the current members are suppliers of 
equipment to laser users and a further 
25% are suppliers of technical services); 
and this is to be welcomed! Suppliers play 
a vital role within AILU; providing most of 
the input necessary to run the association, 
by assisting hugely in the dissemination 
of information (magazine, workshops, 
internet) and by helping the Association 
grow by providing good advice, financial 
support and encouragement to their cus-
tomers.

The final insight I offer is that competi-
tion between members need not inhibit 
the growth of a laser association. Indeed, 
AILU's success is proof of this. An excel-
lent example of this is provided by the new 
web site Forums, where hard-won experi-
ence is being openly shared. Certainly it is 
essential that the association be independ-
ent and even-handed in its dealings, but 
nothing would happen without the gener-
osity of members who are willing to share 
information for the common good and the 
health of the laser community, even though 
it may benefit competitors. And there is no 
better time than this Christmas season to 
acknowledge with gratitude that this hap-
pens within our Association.

I wish our readers a peaceful Christmas 
and a prosperous 2007. 

Mike Green, Editor 
mike@ailu.org.uk
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In support of suppliers

“ That half the 
membership 
are suppliers 
is to be wel-
comed... they 
provide most of 
the input nec-
essary to run 
the associa-
tion." 
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AILU Workshop
New opportunities 

in rapid tooling, 
repair and cladding

Wednesday 28 February 2007

Innovation Technology 
Centre, Rotherham

A full programme of speakers 
plus exhibition, clinic and tour

Scope includes:
Laser cladding for tooling; laser-assisted 

deposition; production of hard, wear-resist-
ant surfaces; injection and casting mould 

improvement; developments in laser, optics 
and metal delivery (powders and wire) tech-
nology; tool and component repair; job shop 
activities; direct rapid manufacture of com-
ponents; lightweight components (lattice), 

process modelling, application case studies 
and potential applications

Workshop Chair: Robert Scudamore, TWI

Speakers include Willem Husslage,  
owner/manager of NedClad, a Dutch  
laser cladding job shop 

Clinic 
A selection of experts available for 
discussion around key topics: pow-
der technology, commercial equip-
ment, laser sources
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