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The front cover shows a functional multi-wheel 
micro gear built by micro laser sintering. The 
smallest cogs are 140 µm long and 55 µm wide 
at the tip, separated by 60 µm wide gaps. They 
demonstrate the freedom of design offered by 
additive manufacturing. See article on p 26.

A front page cover of a recent issue of The 
Economist magazine (see Most Gorgeous Part 
on p 15) gave a clear sign, if one were needed, 
that manufacturing industry needs to be looking 
seriously at this disruptive technology. 

The rapid introduction of high power, high 
brightness fibre-delivered laser beams into 
flatbed cutting, traditionally the domain of the 
CO2 laser, is addressed in the Job Shop Corner 
(see p 18) and an article on p 23 makes a careful 
comparison of the metal cutting capabilities of 
the two laser technologies.
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The principal objectives of AILU 
include:

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

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

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

 • To disseminate professional and 
other information to members.

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

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

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

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

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

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

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

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

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

The AILU objectives

Benefits of  
membership 

Helping you make the most of laser technology

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

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

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

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

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

+44 (0)1235 539595



Janet Stoyel wins 2011 AILU Award
An appreciation by Alan Ferguson of 
Oxford Lasers

I have known 
Janet for 
almost 10 
years, first 
meeting her 
through activi-
ties as a Senior 
Research 
Fellow at UWE 
Bristol, where 
we looked 
to run some 
laser machin-
ing of Copper 
and Alumina 
together.

Janet trained 
and qualified as a pattern cutter, before 
graduating with a Bachelor of Arts (Hons) 
in Constructed Textiles and then went on 
to gain an M Phil at the Royal College 
of Art, in London. In 1994 she founded 
The Cloth Clinic, in Devon, to meet the 
requirements of emerging fashion design-
ers for unique textile production. It was at 
this time that she was granted a patent 
on “Apparatus and Machinery for Laser 
Cutting with Textiles”

This business now supplies many nota-
ble individuals and businesses associ-
ated with fashion, interior design and 
architectural design, including Donna 
Karan, Gucci, Paul Smith, to name but a 
few. Janet has also undertaken work for 
a number of London-based architects, 
for example Norman Foster and her pri-
vate commissions have ranged from a 
woven steel interior for a restaurant in 
Tokyo to exotic lengths of textile for the 
film Lost in Space.

(continued on p36; see also Janet's  
article on p20 and Observations on p 35)
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Lightening strikes twice at Heriot-Watt

Only 3 years after a Heriot-Watt 
researcher last won the AILU Young UK 
Engineer's Prize, the university has again 
produced winning laser work. Norbert 
Lorenz, a graduate of the University of 
Applied Science in Emden (Germany), 
is studying within the Applied Optics 
and Photonics Group at Heriot-Watt 
University towards a PhD on “Laser-
based Packaging of Micro-devices”. He 
was successful in winning the prize for 
his work on developing a laser-based 
process for hermetic packaging of 
micro-devices in a joint project between 
the university and GE Aviation Systems 
(Newmarket). 

Norbert designed and constructed suit-
able equipment to allow the laser-based 
process to be used in an inert gas or 
vacuum. Excellent results were achieved, 
with parts passing leak testing, tempera-
ture cycling, constant acceleration, and 
shear force testing.

GE Aviation Systems are looking to 
exploit the technology to seal tem-
perature sensitive devices, such as 
Microsystems, to operate in vacuum. 
The laser sealing process could provide 
significant advantages over generalised 
heating techniques.

Full details of Norbert's work can be 
found in Norbert's article on p28

Janet Stoyel receives the 
AILU Award from President 
Paul Hilton at ILAS 2011

AILU's new committee
Major changes to the AILU committee 
were confirmed at AILU's 17th AGM, 
which took place on 15 March 2011 at 
Birchwood Park, Warrington. Paul Hilton, 
having served 2 years as Vice President 
and 1 year as President, handed over to 
Martin Sharp (see feature on p 15); Neil 
Main was elected Vice President and the 
steering committee was strengthened by 
the election of four new members. 

The new AILU sign
After 15 years 
of use, the 
original plastic 
sign displayed 
at AILU work-
shops and on the AILU stand at exhibi-
tions, was in need of refurbishment. 
Thanks to Dave Connaway, MD of Cirrus 
Laser, the Association now has a new 
large (600 x 250 mm) sign, in the form of 
a logo laser cut in mirror polished stain-
less steel on Dave's 3.2 kW Trumpf 3030.

Dave generously donated the sign, com-
plete with legs and a red plastic backing, 
in time for the packed opening of ILAS 
2011. Like AILU itself, it was designed to 
last a very long time!  

3D Lasertec on top of the world!!
Wayne Kilford, 
Managing Director 
of 3D Lasertec Ltd 
recently reached the 
top of Kilimanjaro, 
the highest moun-
tain in Africa (19,340 
feet). With this he raised over £3500 for 
the charity Children with Leukaemia, in 
memory of his cousin.

WELCOME TO NEW  
CORPORATE MEMBERS

Brinell Vision

Lasertube Cutting 

Ophir Optronics GmbH

Tata Steel Nederland

Wall Colmonoy Ltd

Dr Mark Greenwood is 
Technical Director at JK 
Lasers, Rugby and has 
worked in the UK in the 
field of laser development 
for over 15 years. Most 
recently, he was a mem-
ber of the ILAS organis-
ing committee.

Dr Paul Goodwin held 
several technical indus-
trial positions before 
joining Laser Cladding 
Technology in 2007 as 
R&D Metallurgist special-
ising in laser materials 
processing. This is Paul's 
first AILU committee role.

Prof Duncan Hand is 
Head of the School of 
Engineering and Physical 
Sciences at Heriot-Watt 
University, Edinburgh. He 
served a full 3-year term 
on the AILU committee 
from '06-'09 and then as 
a co-opted member.

Dr Jack Gabzdyl has 
over 20 years of laser 
materials processing 
experience and is cur-
rently a Product Line 
Manager at SPI Lasers 
for ns pulsed fibre lasers. 
Jack chairs AILU's 
Micro:nano group.

Neil Main is Managing 
Director of Micrometric 
Ltd and has over 30 
years experience with 
industrial lasers. He has 
served as a steering 
committee member from 
2007 and was Chair of 
AILU's job shop group in 
2007 & 2008.

Norbert Lorenz receives a plaque and cheque for 
£275 from AILU President Paul Hilton at ILAS 2011
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Full details of all news items in the magazine, plus additional news items, can be found on the AILU web site

Laser Micromachining expansion
Laser 
Micromachining, 
one of the UK’s 
leading providers 
of laser manufac-
turing services, 
has moved into 
its own larger 
premises in the St. Asaph Business Park 
in north Wales. The move allows LML to 
offer a wider range of laser prototyping 
and production services to industry.
The new LML facility contains 10 com-
plete laser workstations from the UV 
to the far-infrared, making it the most 
diverse commercial operation of its kind 
in the UK. As a result, LML aims to meet 
the requirements of the most demanding 
micro-machining applications.

Nadeem Rizvi, LML’s Managing Director, 
commented to AILU: “Despite the gen-
eral economic climate, the high-tech 
sectors in which LML operates are con-
tinuing to show a strong performance 
and LML’s expansion is testament to 
this solid outlook. The team at LML has 
never been busier and we look forward 
to helping more businesses benefit from 
laser manufacturing technologies.”

Contact: Nadeem Rizvi 
E: n.rizvi@lasermicromachining.com 
W: www.lasermicromachining.com

LVD and Pullmax merger
In an agreement between LVD and 
Pullmax, LVD will manufacture Pullmax 
punching machines for the world market 
and Pullmax will represent LVD laser 
cutting, punching, bending and shearing 
equipment, as well as LVD software and 
mid-range automation products. 

Conversely, the complete range of 
Pullmax punching machines will be 
added to LVD’s existing punch press 
product portfolio. The result will be the 
industry’s most comprehensive punch-
ing product offering with a broad range 
of capabilities and an extensive line of 
automated systems.  

The agreement creates one of the indus-
try’s largest sheet metalworking equip-
ment manufacturers.

Contact: Chris Phillips 
E: c.phillips@lvduk.com 
W: www.lvdgroup.com

Vigorous recovery in LMP
The global market for laser systems for 
materials processing accounted for € 5.9 
billion in 2010, according to the annual 
survey by Optech Consulting. This cor-
responds to an increase of 50% in the 
global laser system market, which stood 
at € 3.8 billion in 2009

After the historic slump in the crisis 
year 2009 the growth in 2010 was not 
fully sufficient to take the market back 
to its former record high of € 6.4 bil-
lion reached in 2008. Market growth in 
2010 was especially spurred by strong 
demand for lasers and laser systems for 
micro processing, with applications in 
the manufacturing of semiconductors, 
printed wire boards, flat panel displays, 
and solar cells. Geographically, the Asian 
market, particularly China, showed a 
remarkable increase. 

Contact: Arnold Mayer 
E: mayer@optech-consulting.com 
W: www.optech-consulting.com

Rofin-Sinar exceed 2011 forecasts
A strong demand from the consumer 
electronics industry made a significant 
contribution to the record quarterly finan-
cial results posted recently by Rofin-
Sinar Technologies Inc. In the October to 
December 2010 period, sales of lasers 
for marking and micro applications rose 
72% - whilst sales of laser products for 
macro applications increased by 24%. 
Component sales also increased in the 
period by 43%. Stability within the North 
American market, a strengthening of 
European markets, sales to Asia, cou-
pled with higher demand from the major-
ity of the industries which they serve, 
marked a new quarterly record high. 

The recent acquisition of Swiss LASAG 
AG also made a positive contribution 
to these results. “The recovering global 
macroeconomic climate and our back-
log, one of the highest in our Company's 
history, provide us with a solid basis for 
the upcoming quarter,” said Günther 
Braun, Rofin-Sinar's CEO and President

Contact: Andrew May 
E: sales@rofin-baasel.co.uk 
W: www.rofin.co.uk

Record order intake for Winbro Group
Following a significant expansion in the 
UK workforce and the launch of a new 
technology, development and produc-
tion centre in Rock Hill, South Carolina in 
late 2010, Leicestershire based Winbro 
Group Technologies achieved a record 
order intake in March 2011.

Winbro Group Technologies, a leader 
in cooling hole technology for aero and 
land based turbine engines, supplies UK 
manufactured Laser, EDM and ECM turn-
key machining systems as well as gas 
turbine engine components machined 
within the company’s WAM (Winbro 
Advanced Machining) facility. In March 
the Company booked orders for 14 new 
machines valued at over £5.5 million. 
includes the first two machines won by 
Winbro’s new facility in Rock Hill.

Contact:  Richard Baxter 
E: sales@winbrogroup.com 
W: www.winbrogroup.com

Prima Industrie recorded in 2010 an 
order acquisition of € 271.8 million and a 
growth of 30% over the year 2009.  

During the last quarter of the year, the 
geographic breakdown highlighted the 
considerable weight of China, which 
represents about 11% of the amount 
collected and the strong recovery of the 
North-American market (about 26% of 
the total orders collected).  

Contact:  Andy Butlin 
E: andy@primafinnpower.co.uk 
W: www.primauk.com

Prima recovers to the pre-crisis levels 

OpTek Systems celebrates 10 years of 
trading with a Queen’s Award
Laser processing solution provider 
OpTek Systems has won The Queen’s 
Award for Enterprise, in International 
Trade. The award was announced as 
OpTek Systems celebrated the comple-
tion of its tenth year of trading with a 
third consecutive record year for rev-
enues in 2010, in spite of the turbulent 
economic climate over the recent past. 

OpTek Systems, headquartered in 
Abingdon, Oxfordshire, provides equip-
ment and services for precision laser 
processing and micro-machining, across 
a wide range of applications and indus-
trial sectors. 

OpTek Systems enjoyed revenue growth 
in 2008 and 2009 based on increased 
demand for machine tools used in the 
manufacturing and testing of Photovoltaic 
cells in both USA and Asia. This was 
augmented in 2010 by a significant 
uptake in the company’s proprietary 
and patented LaserCleave™ range of 
products for processing optical fibres for 
applications in FTTH (fibre to the home) 
and AOC (active optical cable) mainly 
in Asia, but also in Europe and North 
America. In combination with OpTek’s 
traditional micro-machining operations, 
these markets have pushed exports to 
over 80% of OpTek’s turnover. 

Contact: Gideon Foster-Turner 
E: gideon.ft@opteksystems.com  
W: www.optek.co.uk
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Record open-house at Trumpf

Three hundred people attended Trumpf’s 
In-Tech open house, the highest ever 
recorded. And during the three day event 
£ 5 million of orders were received for 
machines. With the addition of In-Tech 
orders, March will be Trumpf’s highest 
earnings month ever. By comparison 
with March 2010, order intake is 50% 
greater. Trumpf is also on target to 
record FY 2010/11 as its best yet.

“Our success is indicative of how well 
our customers are doing,” explained 
Technical Director, Scott Simpson. 
“Many are near to maximum production 
and they are investing in new manu-
facturing technology to support this 
upturn.”  The export market in particular 
is proving a real money-spinner for many 
Trumpf customers.

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

Rofin-Sinar UK wins Queen’s Award

Rofin-Sinar UK Ltd, manufacturer of 
lasers and laser systems has won 
the Queen’s Award for Enterprise: 
International Trade. It was presented 
to Ken Lipton, Rofn-Sinar’s Managing 
Director, by the Hon. Mrs. Susan Cunliffe-
Lister, Lord Lieutenant for the East Riding 
of Yorkshire at a special ceremony. 

In particular the award is in recognition 
of Rofin-Sinar’s successful export growth 
over the last six years. During this period 
Rofin has doubled the size of its busi-
ness to £14M and increased its staff by 
over 60% to 120 people.  

Contact:  Ken Lipton 
E: Kenl@rofin-uk.com 
W: www.rofin-uk.com

Growth at Laser Process
Laser Process has 
appointed Craig Dwyer 
as Technical Sales 
Representative for the 
North West of England. 
Craig joins after 
nearly twenty years 
in the steel stock-
holding industry with 
Armstrong Steel (latterly ASD). 

Laser Process is making an investment 
of nearly £1m in new Trumpf laser cut-
ting systems. The two systems (L3030 
& L3040) are scheduled for delivery at 
the end of June and represent the first 
investment by the company since the 
economic downturn of 2008. 

Laser Process is one of the leading 
UK jobshops and intends to maintain 
its position. March 2011 was a record 
month for Laser Process. After two years 
of economic uncertainty the company 
has completed its best ever month. The 
previous best was in February 2008, 
some months before the downturn.

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

PROCESS ENGINEER – LASER WELDING 

Consilium Group is currently recruiting for this leading Global first and second tier automotive supplier of Mechatronic Systems
and Electric Motors who is seeking to augment the engineering team, in line with ambitious growth plans and new programme 
activity.

We are seeking a Welding Process Specialist who can demonstrate skills including: 

• Continuous development and problem solving of all welding processes and the technology involved in the laser welding of 
products and systems. 

• Development of low cost manufacturing methods ensuring product quality, optimisation of resources, plant & equipment. 
• Ensuring Overall Equipment Efficiency (OEE) of welding equipment, developing and implementing new ideas to strengthen 

the growth of the technology. 
• Set up of machines, trouble shooting, preventative maintenance and repairs to fixtures. 
• Supplier and customer liaison relating to welding technologies. 
• Establish, introduce, improve and enforce MTM standard times. 
• Design safe / stable and cost optimised assembly and logistics processes including Poka Yoke. 
• Maintain basic data, FMEA's and control modifications. 
• Facilitate and drive CI activities in line with business targets and objectives. 

To succeed in this role you should ideally be Degree qualified or equivalent in Manufacturing or Production Engineering and 
have significant experience of working with welding technologies – including robotic and laser welding, gained within a world 
class manufacturing environment. 

To Apply, Please Send Your CV to Scott Beadle: sbeadle@cgl.eu.com
Or Alternatively Call On: 01299 828 347 

PROCESS ENGINEER – Laser Welding             West Midlands 

£ Highly Competitive + Benefits + Relocation Support 

www.cgl.eu.com 
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Low cost compact mid-IR fibre laser

The UBQ-7810 Ultra-Compact fibre 
laser available from Laser Lines Ltd, 
provides a typical output of 3 mW at a 
wavelength of 1925 nm in a circular, low 
divergence output beam.

Designed by Ubiquilight and manufac-
tured by Diode Laser Concepts, the 
UBQ-7810 offers product developers the 
lowest-cost, most compact fibre lasers 
in wavelengths beyond 1700 nm for 
high-volume applications.

Ubiquilight fibre laser modules are by far 
the smallest commercially available mid-
IR fibre lasers. These paradigm-shifting 
devices extend wavelength range and 
improve wavelength stability in applica-
tions that require maximum power in  a 
device with miniscule footprint, minimum 
cost and a wavelength of 1700 nm or 
greater. 

Contact: Steve Knight  
E: stevek@laserlines.co.uk 
W: www.laserlines.co.uk

Ultra-compact short pulse oscillators
With TRAIN™ UC (ultra compact) prod-
ucts an assortment of extremely com-
pact and industry-compatible ultrafast 
oscillators are available for a wide range 
of applications at a very attractive price.

The femtoTRAIN™ UC offers femto-
second light pulses with a duration of 
<200 fs at a repetition rate of 63 MHz 
and an average power of more than 
200 mW. It is available at fixed center 
wavelengths of 1040, 1053 and 1060 
nm, respectively. The picosecond version 
picoTRAIN™ UC offers a pulse duration 
of 5 or 7 ps. These oscillators can be 
extended with harmonics modules for 
generation of visible and UV light.

The TRAIN™ UC line incorporates an 
ultrafast resonator and pump diode in 
one monolithic housing, in a footprint of 
only 12 by 20 cm. 

The ultrafast oscillator can be used for a 
wide range of applications such as seed-
ing, multiphoton microscopy, THz gen-
eration, Two-photon polymerisation, sec-
ond/third harmonic microscopy, fluores-
cence lifetime imaging or Spectroscopy.

Contact: Doug Neilson 
E: douglas.neilson@photonicsolutions.co.uk 
W: www.photonicsolutions.co.uk 

Dilas' new mini diode laser system
The new Dilas MINI diode laser system 
delivers up to 50 W CW at 980 nm from 
a 400 μm fibre and up to 35 W CW with 
a 200 μm fibre. Cooling is provided by 
Peltier elements and air flow. 

The MINI can be used for a variety of 
applications in direct materials process-
ing such as selective soldering and 
welding of plastics. 

The MINI can either be controlled via an 
USB port or by conventional analogue 
and 24V signals. It is available as an 
OEM or desktop version. A fibre optic 
cable with SMA connector allows flexible 
beam guidance to the work area and a 
range of accessories, including process-
ing heads are available. An integrated 
red pilot beam facilitates alignment of 
the laser to the work piece. 

UK Contact: Robert Church 
E: r.church@estechnology.co.uk 
W: www.estechnology.co.uk 

  

Watch it
LED signs and 
protective eyewear

ADM1000 
Power Meter

Screens, curtains
and blinds

ICS range of safety
interlocks

Measure it Capture it Stop it For Laser Safety think

For over 20 years we have been
closely involved in defining the
standards of laser safety, firmly
establishing our position as the
laser safety experts.

Keep safe! Learn how!
• Training
• Consultancy 
• Certification
• UKAS Accredited Testing

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

Keeping an eye on laser safety

LSE_half_192x125mm_Eye.qx8_Laser Systems Europe  08/03/2011  15:01  Page 1
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Optics with difficult specifications
Laser Beam Products (LBP), the UK’s 
largest manufacturer of infra red mirrors, 
is offering great value to customers who 
have a requirement for mirrors with unu-
sual specifications. 

“We can offer customers one-off, unusual 
shaped or sized mirrors for a reasonable 
price, without excessive set-up charges,” 
explains LBP's MD Mark Wilkinson. 
“Over the years we have produced a 
wide range of non-standard parts for 
many applications including prototypes 
for research and development. We now 
have an impressive collection of case 
studies and experience to draw on.”

LBP have 
repaired and 
manufactured 
thousands 
of different 
parts includ-
ing mirrors 
with central 
holes, concave cone mirrors, mirrors 
with grooves, gold cubes, lipstick mir-
rors, tungsten mirrors etc. More detail 
are available on the LBP website.

Contact: Mark Wilkinson 
E: info@lbp.co.uk 
W: www.lbp.co.uk

JK Lasers new fibre coupler

The Mode Converter Fibre Coupler 
(MCFC) introduces further flexibility to 
users of JK Fibre Laser products. 

The MCFC takes a Gaussian profile single 
mode fibre input from any of the JK Fibre 
Lasers and couples it into a JK Luminator 
fibre, providing a uniform ‘flat-top’ beam 
profile output. Use of the appropriate JK 
Luminator™ process tools provides beam 
diameters of 150-600 μm and focal spot 
sizes from 60-1500 μm.

Use of the MCFC can bring real process-
ing advantages to welding applications 
where the profile and small spot size of 
the Gaussian beam are not optimal, such 
as butt welding parts with fit-up toler-
ances larger than the Gaussian spot size 
or thin foil welding, where high intensity 
on-axis can lead to burn through in the 
weld centres. 

Contact: Sales Division 
E: sales.laserdivision@gsig.com 
W: www.gsiglasers.com

Beam delivery Component handlingMeasurement
Lasermet ADM1000 laser power meter
The ADM1000 
is a hand held, 
easy-to-use 
high perform-
ance laser power 
meter with a 
sampling rate of 
1 MHz and can 
measure peak 
power down to a few microseconds. 
This enables the user to view wave-
forms and determine the power output 
of pulsed waveforms up to 400 kHz in 
oscilloscope mode.

As the ADM1000 is calibrated – trace-
able to national standards – it can be 
used to accurately measure laser power 
outputs repeatedly.

Users of the 
meter are able to 
achieve excel-
lent results 
especially when 
used with the 
relevant heads.  
For example, 
when measuring strobe light from a high 
powered LED source, the integrating 
sphere head is ideal as users can make 
full use of the measurement feature to 
examine the pulsed waveform. The high 
frequency response enables users to see 
the waveform edges and these can be 
measured on the screen.

The cursor facility enables users to 
select any number of points on single or 
multiple waveforms and determine the 
energy under the curve. 

The ADM1000 provides peak power, 
average power and pulse energy, making 
it an ideal tool for use in development of 
laser or high power LED systems. 

It is portable, powered by a rechargeable 
4.8V NiMH battery lasting up to 7 hours. 
A range of detector heads is available: 
compact photodiode heads, integrating 
sphere photodiode heads and patented 
thermal heads. Each is automatically 
detected by the ADM1000. 

The thermal head provides highly 
accurate readings due to the Patented 
Accelerator Circuit and the Thermal 
Stabilisation Electronics. Standard pho-
todiode heads are supplied with integrat-
ing spheres to minimise reflections and 
for easy alignment and high accuracy. 

Contact:  Paul Tozer 
E: office@lasermet.com 
W: www.lasermet.com

Cartesian micro-positioning system
Aerotech has released a new X-Y 
Cartesian gantry micro-positioning sys-
tem as part of its ultra-high precision 
AGS series that features direct-drive 
brushless linear motors, non contact 
optical encoder feedback and linear 
motion guide bearings - complete with 
cable management and optional granite 
support bases and machine frames. 

The new 
small-
footprint 
AGS1500 is 
available in 
four X-Y travel 
range options 
from 200 mm to 500 mm, and retains the 
impressive dynamic performance and 
accuracy characteristics of Aerotech's 
longer travel AGS15000 model, with 
nanometre level resolution, velocity to 
3 m/sec and acceleration to 5g. 

Aimed at high-throughput production 
and micro-positioning applications 
including precision micromachining, the 
AGS1500 can be supplied with coun-
terbalanced Z axes and rotary axes 
as complete customised motion sub-
systems for turnkey operation including 
customer specified fixtures, cabled serv-
ices and other special requests that can 
include an electroless nickel finish for 
ESD protection.

The AGS1500 X-Y gantry includes dual 
brushless linear servomotors and non-
contacting optical encoders for the 
base axis, and together with Aerotech's 
HALAR calibration option helps to 
ensure an overall stage accuracy of bet-
ter than ± 1.5 μm and repeatability to 
± 0.5 μm for the 500 mm travel version. 

Using Aerotech's encoder multiplier 
technology, resolution can be speci-
fied between 1 μm and 1 nm and X-Y 
orthogonality is within 5 arc-sec. The 
planar stage design includes a fully 
preloaded linear motion guide bear-
ing system with wiper seals and grease 
fittings for long life, low maintenance 
operation for lower axis stage loads up 
to 37 kg and payloads on the upper axis 
to 3.2 kg.

The AGS1500 is typically supplied com-
plete with Aerotech's high performance 
motion controls and servo amplifiers to 
ensure optimum performance. 

Contact:  Simon Smith 
E: ssmith@aerotech.com 
W: www.aerotech.com

ADM1000 with intergrating 
sphere

Continued over ...
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New nano Motion resource guide
Aerotech's new nano Motion Technology 
resource guide provides design consid-
erations and full specifications across 
its recently released range of ANT series 
linear and rotary nanopositioning stages, 
and the advanced motion controls that 
together provide high-throughput per-
formance at fantastically precise 'one 
nanometre at a time' displacement inter-
vals and exceptional levels of in-position 
stability.

The nano Motion Technology range has 
been introduced over the past several 
months and is now fully illustrated in the 
resource guide as a modular range of 
95 mm and 130 mm wide ANT series 
nano-positioning components that 
include linear, rotary, and multi-axis posi-
tioning stages with single nanometre or 
sub-arc-second resolution. These stages 
are combined with highly advanced 
yet easy-to-use motion and machine 
controls for best-in-class performance 
that is characterised by extremely high 
positional accuracy and repeatability, 
fast high-throughput dynamic capac-
ity for large loads, and long linear travel 

Auotdesk Inventor 2012 certification
Encompassing design, manufacture and 
production control for all sheet metal 
components and products, Radan 2011 
R2 has gained full certification from 
Autodesk for use with its Inventor 2012  
CAD software.

Developed by Planit as a total CAD/
CAM solution for the sheet metal indus-
try, the latest release of Radan, 2011 R2, 
is supporting the company’s drive for 
the generation of digital prototypes.

In striving to save planning and produc-
tion times, Radan extends the digital 
prototyping philosophy into manufac-
turing, enabling users to see how their 
prototypes will be machined and allows 
early identification of any potential man-
ufacturing problems before they happen 
on the shopfloor. Autodesk Inventor 3D 
mechanical design software provides 
a comprehensive set of CAD tools for 
producing, validating, and documenting 
complete digital prototypes.

Contact: Trevor Glue 
E: TrevorGlue@planit.com 
W: www.planit.com 

ranges from 25 to 
160 mm or rotary 
travel ranges from 
20 degrees to full 
rotation. 

The new nano 
Motion Technology 
range resource 
guide also includes 
a complete over-
view of available compatible nano 
motion control systems and the optional 
Motion Composer modules that pro-
vide control algorithms to increase 
system performance by influencing 
settling time, positional accuracy, in-
position stability, and/or velocity stabil-
ity. These controls include Harmonic 
Cancellation, Threshold and Dynamic 
Gain Scheduling. 

The new 128 page resource guide is 
available as a downloadable PDF from 
the Aerotech website or as a hard copy 
printed booklet. 

Contact:  Simon Smith 
E: ssmith@aerotech.com 
W:  www.aerotech.com

Long Life...Smooth...Fast...Accurate

Aerotech PRO Series stages are also
available in competitively pricied and
interchangable ball-screw versions.

Dedicated to the Science of Motion

www.aerotech.com
AH0311LTD_LM_PRO

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

165 mm

• Direct-drive linear motor for
smooth, precise motion and
high speed.

• Linear motion guide bearing
system means long life and
minimal downtime.

• Thirty-eight different models with
travels ranging from 100 mm to
1.5 m to ideally match almost
any application.

• Unique side-seal design provides
superior debris protection,
increasing up-time and keeping
your process moving.

8 Models
PRO560LM

8 Models
PRO280LM

12 Models
PRO225LM

10 Models
PRO165LM

PRO-LM Series 
Linear Motor Stages
Aerotech’s PRO-LM series
linear-motor stages offer a
cost-effective, high-
performance solution for
positioning applications that
require smooth, precise
motion. The PRO-LM series is
ideal for applications such as
laser machining, medical
component manufacturing,
and other applications
requiring high accuracy and
extremely smooth motion in a
production environment.
Contact Aerotech today to
learn how a PRO-LM stage
can improve your up-time and
application throughput.

225 mm

280 mm

560 mm

Load capacities
from 45 to150 kg

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

AH0311LTD_PRO_LM_Series_184x130:AGR_halfpage.qxd 15/04/2011 11:37 Page 1

SoftwareComponent handling (cont.)
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As a global specialist in the manufac-
ture of industrial laser solutions, JK 
Lasers (part of the GSI Group) will be 
participating in the 2011 Laser World 
of Photonics exhibition in Munich 
Germany from 23-26 May. 

During the event, JK Lasers will show-
case a number of their newest products 
including a 1 kW Fibre Laser, a 500 W 
Fibre Laser and the JK System 5000. 

JK System 5000
The JK 
System 5000 
is a flexible 
workstation 
that can be 
integrated 
with lasers 
from the JK 
Fibre and 
Nd:YAG 
ranges. With 
a variety of 
customis-
able options 
including 
linear and 

rotary axes, process tools and scan 
heads, and proprietary software closely 
coupling motion and laser control, it 
provides a highly versatile solution for 
many industrial cutting, welding and 
drilling applications.

A 400W modulated, air-cooled JK Fibre 
Laser will be integrated into the system, 
to demonstrate a combined metal cut-
ting and welding operation on a single 
part, made from a material that is typi-
cally used for industrial applications. 

This mid-power, air-cooled Fibre Laser 
is suited to a wide variety of industrial 
manufacturing and precision applica-
tions. It can be used with a selection 
of JK processing heads and combines 
single mode fibre beam delivery, high 
efficiency and patented processing 
technologies, without requiring a cool-
ing water supply for operation. 

JK500FL 
At the exhibition JK Lasers plan to 
launch a new addition to the JK Fibre 
Laser range. The new JK500FL will pro-
vide 500 W CW output powers, single 
mode beam quality and patented back 

reflection 
protection. 
These fea-
tures will 
allow manu-
facturers to 
process a 
range of materials with high speed and 
accuracy.

Similarly to the other products in the 
JK FL range, the 500W Fibre Laser will 
require minimal maintenance and will 
be supplied in a water-cooled, rack-
mounted format, providing enhanced 
efficiency in the workplace. It has been 
designed to be a modular system that 
is fully compatible with all standard JK 
FL process tools. 

Visitors interested in any of JK Lasers’ 
Nd:YAG Lasers, Fibre Lasers or associ-
ated products are invited to visit the JK 
Lasers stand at Munich to discuss their 
requirements with the Sales team. JK 
Lasers can be found at booth C1.466. 

Contact: Sales Division 
E: sales.laserdivision@gsig.com 
W: www.gsiglasers.com

www.gsiglasers.com

JK Lasers, part of the GSI Group
Rugby, England - UK
Tel: +44 (0) 1788 517800
Fax: +44 (0) 1788 532605
Email:  sales.laserdivision@gsig.com
Web: www.gsiglasers.com

With over 30 years experience of industrial lasers, JK Lasers has 
developed a portfolio of solid state and fiber laser products that 

are suitable for a wide variety of applications. 

With knowledge of the medical, automotive, electronic, 
semiconductor and aerospace industries, JK Lasers can provide 
in-depth advice about the best lasers for specific processes. The 

range allows manufacturers to produce strong, seamless and 
highly reliable welds, complex cuts and precisely drilled holes.

For more information visit their website at 
www.gsiglasers.com or call +44 (0) 1788 517 800

JK  
Lasers

TM

part of the GSI Group

Versatile. Lasers 
that weld, cut & drill

Welding Cutting Drilling

JK Lasers Set to Showcase Latest Products at Laser World of Photonics 2011
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Any material, any thickness, any time
ADS Laser in Leicester, a stockholder 
offering a wide range of materials and 
thicknesses, has purchased a Trumpf 
TruLaser 3030 L20 laser processing 
centre.

The significant benefit of the TruLaser 
3030 L20 is the inclusion of a univer-
sal cutting head for the entire range of 
sheet thickness. And for ADS Laser this 
means the 5kW laser machine can cut 
mild steel up to 25 mm, stainless up to 
20 mm and aluminium up to 12 mm.

“Obviously downtime during job change-
over is greatly reduced,” explained ADS 
Director, Duncan Keates. “Rather than 
us trying to collate batches of various 
thicknesses for higher cost efficiency, we 
can now accommodate any job, thick or 
thin, at any time. This speedy machine 
has given us ultimate flexibility and more 
production time.”

ADS Laser has been a Trumpf customer 
for five years and runs the L20’s forerun-
ner, the TruLaser 3.2 kW 3030 and two 
TrumaBend press brakes alongside its 
new addition. 

“The energy efficiency of this machine 
was a big attraction to us initially,” 
Duncan explained. “At present both 
the 3030 and the L20 machines are on 
the same ring main so we can’t make 
a direct comparison on electrical con-
sumption but we’re certain that the abil-
ity of L20 to go into standby mode when 
not laser cutting is enhancing its cost 
efficiency.”

Within weeks of its installation its cutting 
capacity had secured a lucrative order 
for the processing of 10 mm aluminium,  
and as time has gone on other features 
on the L20 have proved increasingly 
valuable. The ability to tag parts at the 
machine for example has reduced down-
time and so too has the way the L20 
processes poly coated stainless steel. 

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

Full details of all news items in the magazine, plus additional news items, can be found on the AILU web site

New touch screen GUI for laser cutting
LVD has introduced the Touch-L, a touch 
screen Graphical User Interface (GUI) 
on select models of its CO2 laser cut-
ting systems. Touch-L brings the ease of 
LVD’s Intelli-Touch user interface tech-
nology to laser processing so that both 
routine and complex operations can be 
quickly and efficiently accomplished with 
minimal operator input. 

Touch-L 
simplifies the 
laser cutting 
process by 
using intui-
tive graphi-
cal icons 
and visual 
indicators 
to display and control functions such as 
lens and nozzle selection, download of 
an NC file to the machine memory, quick 
file searching and file editing, preview of 
the part/nesting, and to provide real time 
reproduction of the cutting path. 

After selection of the parts, Touch-L 
performs automatic nesting and job 
generation and production can begin. In 
an easy and intuitive way, the operator 
can change cutting qualities, the position 
and type of lead-in, and add or relocate 
micro joints for all online generated jobs.

Contact: Chris Phillips 
E: c.phillips@lvduk.com 
W: www.lvdgroup.com

Turbine industry orders Laserdyne
Proving that the commercial aircraft, 
defence aircraft and land based turbine 
industries are continuing to grow and 
rapidly modernize, Prima North America 
recently announced receipt of six 
Laserdyne Systems orders from a col-
lection of customers worldwide. These 
orders, for the company’s latest multi-
axis laser system technology, are from 
U.S. based customers with international 
operations and from an Asian customer 
involved in production of parts for new 
aircraft engines and in repair of turbine 
engine components. 

“The aerospace industry is committed 
to aircraft designs that are more fuel 
efficient, safer, quieter and have a more 
positive impact on the global environ-
ment,” reported Terry VanderWert, presi-
dent of Prima North America. “New and 
upgraded engine designs are key to an 
airline’s profitability and increasingly this 
requires the latest multi-axis laser tech-
nology. The same forces are at work in 
MRO (maintenance, repair and overhaul) 
operations as well as in the manufacture 
of land based turbine engines.” 

Of the current Laserdyne order mix for 
six systems, five will be used for new 
engine component manufacturing. 
Turbine engines require ongoing main-
tenance that includes refurbishing the 
thousands of cooling holes designed into 
every engine, and the sixth order is from 
a turbine engine component refurbishing 
operation that provides engine mainte-
nance support to many of the leading 
land based turbine users worldwide. It 
arose from an analysis of current technol-
ogy by a group of turbine engine com-
ponent engineers, which concluded that 
there is a clear cut advantage for laser 
processing over competing technologies.  

Laserdyne research has shown how a  
system used for laser drilling ‘conven-
tional’ cylindrical holes can be used for 
shaped hole production as well. Shaped 
holes, when used in properly designed 
components, result in fewer holes being 
required to accomplish a superior result. 
Fewer holes means shorter production 
cycle times, lower production costs, 
and a lower cooling air requirement. 
When put into practice, this results in a 
more efficient and cost effective engine 
brought about by Laserdyne Systems 
shaped hole technology. 

Contact:  Peter Thompson 
E: pthompson@prima-na.com 
W: www.prima-na.com

Motorised zoom beam expander
JK Lasers 
has intro-
duced the 
Motorised 
Zoom Beam 
Expanding 
Telescope 
(ZBET), for use with the newly enhanced 
JK604D drilling laser. The ZBET has 
been designed to rapidly and remotely 
change the laser’s beam size and focus 
position using the integrated LaserView 
software, which is supplied with all of 
the company’s Nd:YAG lasers.

The magnification of the laser can be 
continuously driven from 1-4X in less 
than 5 seconds, which can consider-
ably reduce set-up times and enhance 
in-process flexibility. This new product 
also has a very low beam wander, whilst 
maintaining diffraction limited perform-
ance across the entire expansion range.

Contact: Sales Division 
E: sales.laserdivision@gsig.com 
W: www.gsiglasers.com
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The laser has been a key technology in 
thin-film development and photovoltaic 
cell production for over two decades. 
The two main applications are scribing 
and edge deletion. In both cases the 
Q-switched DPSS lasers have major 
benefits over other processes. Rofin‘s 
PowerLine SL and PowerLine L series of 
Q-switched, diode-pumped Nd:Vanadate 
lasers (1064 nm or 532 nm wavelength) 
with ns-pulse widths are used for these 
applications, μJ pulses for scribing and 
mJ pulses for edge deletion, in the pro-
duction of a-Si/μ-Si, CIGS and CdS/
CdTe solar cells.

By contrast, in crystalline cell manufac-
turing, the benefits of laser technology 
are not so clear and it is only considered 
if it contributes to reducing cost per 
Watts produced (c/Wp) e.g. by stream-
lining the production process or by 
improved photovoltaic efficiency.

Laser assisted selective doping
A possible laser process for overcoming 
current difficulties in mass production of 
crystalline cells involves laser ablation of 
dielectrics as a step to selectively doping 

emitters, which 
promises effi-
ciency gains of 
about one per-
centage point. 
Like most new 
selective emitter 
concepts, the mass production scale will 
rely on laser material processing.

Back side contact technology
Another well-explored concept for 
increased efficiency is back side con-
tacted solar cells, which eliminates the 
otherwise necessary front side strip 
lines, and in this way enhances the 
solar-active surface. A q-switched disc 
laser such as Rofin's StarDisc, can pro-
vide the necessary throughput rates. 

The laser is a key technology for many 
tried and tested high-efficiency con-
cepts. In addition, laser patterning and 
selective ablation of dielectric layers 
generally opens a broad field for new 
efficiency improvement approaches.

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

Laser marking inked Delrin
The requirement 
for marking Delrin 
LED cases is 
to laser mark a 
four-digit code, 
readable under 
a microscope, to 
aid product trace-
ability. This was 
easily accom-
plished using a Synrad CO2 laser, which 
produces a nicely engraved mark on 
most plastics. Since the cathode of each 
LED is marked with a swatch of green 
ink, a high contrast mark was obtained, 
readable even by the naked eye. 

What makes this application special is 
the character height of only 0.5 mm, 
which is needed in order to fit the four-
digit text string onto the 2.7 mm wide 
LED body. To accomplish this, a 80 mm 
focusing lens was fitted to a Synrad FH 
Series marking head and Synrad 10 W 
sealed CO2 laser. Cycle time for this very 
small mark is a fast 60 milliseconds.

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

A summary of laser uses in Thin Film and c-SI Photovoltaics

Laser drilling of a solar cell 
using a Rofin StarDisc laser
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Trumpf’s new TruMicro Series of ultra-
short pulse lasers are lowering the 
manufacturing cost of photovoltaic cells 
as well as enhancing their performance. 
Maximising cell efficiency is the result of 
extremely precise and fine surface struc-
turing and these lasers do this far better 
and more cost effectively than alternative 
processes.

In the production of solar modules from 
amorphous silicon (aSi) or cadmium tel-
luride (CdTe), conductive and photoactive 
films are deposited on large substrate 
areas, such as glass. After every depo-
sition, the laser subdivides the surface 
so that the cells created are automati-
cally switched in series by the process 
sequence. In this way cell and module 
tensions, depending on the cell width, 
can be set.  

The transparent conductive oxides are 
usually processed with lasers in the 
infrared wavelength. At typical feed 
rates, repetition rates of over 100 kHz 
are required. An optimised pulse-to-
pulse overlap makes for a clean kerf and 
minimises adverse heat effects.  

The small and compact Trumpf TruMicro 
Series 3000 with wavelengths of 1064 

and 532 nm are ideal for P1, P2 and P3 
patterning. Thanks to their high pulse-
to-pulse stability, these diode-pumped 
solid-state lasers achieve very good 
processing results. They can also be 
easily integrated into existing production 
environments because of their advanced 
cooling design.

The patterning of thin-film cells made 
from Cu (In, Ga) (S,Se)2, also known as 
CI(G)S, presents a particularly demand-
ing challenge for the laser process. 
The same applies to the structuring of 
molybdenum. For this application, nano-
second lasers are still used but picosec-
ond lasers offer a far better solution.

With these lasers, the material is ablated 
with ultra-short pulses without significant 
heating of the process edge zone. This 
prevents cracking, melting and exfolia-
tion of the layers. Trumpf Series 5000 
picosecond lasers are ideal for this task.  
They have a wavelength of 1030 nm for 
structuring molybdenum and 515 nm 
for processing photo-active material 
and patterning the front of the contact.
Additionally the Trumpf TruMicro pico-
second laser with 50 W output power 
significantly reduces process costs.

Edge deletion
To protect 
thin-film solar 
modules against 
unfavourable 
environmental 
influences, a 
10 mm width 
of the sub-
strate coating is 
removed along 
the edge. The Trumpf TruMicro laser (30 
ns, average power 750 W) provides a 
suitable process.

Crystalline solar cells
Up and coming laser applications 
include the selective ablation of pas-
sivated layers on crystalline solar cells. 
Trumpf TruMicro lasers with ultra-short 
pulses and high pulse energies are par-
ticularly well suited to this work thanks 
to their excellent beam quality. 

The simple scalability and high beam 
quality of the laser output enables a 
higher production capacity and solar 
cells efficiency to be achieved. 

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

Additive layer manufacturing for direct 
part production continues to grow and 
is fast becoming a significant part of the 
overall ALM industry. The many benefits 
of this process have seen the technology 
embraced by a number of manufactur-
ing sectors including the Automotive 
Industry, where the technology is already 
being used, for not only rapid prototyp-
ing, but pilot production and small series 
production of engine and other mechani-
cal components.

The ability to produce components in a 
wide range of materials including steel, 
titanium and aluminium alloys, presents 
the industry with immense potential for 
direct part production using ALM.

Since its inception in 2001, Concept 
Laser has been regarded as a pioneer 
in the field of generative metal laser fus-
ing with their unique LaserCUSING® 
technology. Now, with more than 100 
systems installed, Concept Laser has 
become one of the leading providers in 
this sector. 

LaserCUSING® has been used to manu-
facture components such as a racing 
exhaust manifold (see figure). Produced 
on a Concept Laser M2 cusing machine 

from CL 31AL (AlSi 10Mg), using a 
200W fibre laser system, this component 
was able to be directly fitted to the test 
vehicle upon completion.

Other Automotive components produced 
using this technology include oil pump 
housings, wheel suspension components 
and thin “sheet metal” style parts which 
were used in the development of a pro-
totype vehicle. In each case the parts 
were produced direct from CAD using 
3D/CAD-design software systems such 
as CATIA/ Pro-Engineer and AutoCAD. 

Concept Laser has also developed 
a range of materials for use with the 
LaserCUSING® process, and ideally 
suited to the production of Automotive 
components, including: CL 20ES 
(1.4404) a stainless steel for technical 

prototypes and small series production, 
which is acid and corrosion resistant; 
CL 31Al (AlSi10Mg) an aluminium alloy; 
and CL 40Ti (TiAl6V4) a titanium alloy. 
The latter two offering low weight and 
are suitable for technical prototypes and 
small series production.

In-built quality
The QMS for LaserCUSING Systems® 
includes comprehensive real-time moni-
toring of process parameters, from the 
melt pool to the laser, the process gas 
atmosphere and powder quality, together 
with excellent preservation of the pow-
der quality.

ES Technology is the exclusive UK and 
Ireland distributor for Concept Laser AM 
systems. 

Contact:  Colin Cater 
E: c.cater@estechnology.co.uk 
W: www.estechnology.co.uk

Additive Layer Manufacturing accelerates automotive and motor sport component development

Something new under the sun

Racing exhaust 
manifold  
produced using 
LaserCUSING® 
technology

Auto components produced using LaserCUSING  
(l to r) steel engine manifold, aluminium pump 
housing and aluminium door handle mounting
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Indoor signs for office buildings and 
other commercial structures are often 
produced by cutting out small letters or 
other shapes from acrylic sheets, and 
then affixing these cut pieces to a sign 
board with adhesive. But now, a new 
generation of CO2 laser based machin-
ing systems delivers the desired cost 
and quality characteristics to make 
them an attractive alternative for many 
sign makers.  

Acrylic cutting background
Most acrylic cutting in the sign indus-
try today is still performed with the 
mechanical router, producing a rough 
edge, that must then be subsequently 
buffed or flame polished in order to give 
it a smooth, transparent appearance. Its 
inability to produce sharp corners and 
render intricate detail are other draw-
backs of the router. On the other hand, 
the router is simple to implement and 
requires very little operator knowledge.  

Abrasive water jet cutting is also used 
by some sign makers to cut acrylic.  
One major advantage of water jet is its 
ability to cut sharp corners. But water 
jet cutting produces a frosted edge that 
requires post processing if a polished 
finish is required. The other major draw-
backs of the water jet is its high capital 
cost, the ongoing expense of abrasives  
and its relatively slow cutting speed.  

In contrast, the CO2 laser is in many 
ways an ideal tool for acrylic cutting. Its 
far infrared output is strongly absorbed 
by acrylics, enabling it to rapidly cut 
by essentially melting and vaporizing 
material; and it overcomes the main 
disadvantages of both mechanical and 
waterjet processes. First, laser process-
ing can deliver a variety of cut edge 
finishes, including a smooth, transpar-
ent edge which entirely eliminates any 
post processing. Also, laser cutting is 
substantially faster than other meth-
ods, especially when the time required 
for post processing steps is included. 
Moreover, the focused laser beam pro-
duces a very narrow cut width (as small 
as 150 μm), thus allowing the produc-
tion of very sharp edges, angles, and 
fine features. Plus, CO2 laser based 
tools are flexible and can perform 
anything from kiss cutting to through 
cutting, with very accurate control of 
cut depth and high repeatability, with-
out the need to change tools. It can 
be employed on materials over a wide 
range of thicknesses, from mylar sheets 
to 25 mm acrylic and, because it is a 

non-contact tool, there is 
no tool wear, resulting in 
highly consistent results.

Practical laser systems
The Coherent Omnibeam 
laser machining centre 
exemplifies the new-
est breed of automated 
tools for laser cutting of 
plastics (and even thin 
metals). Several models 
are available utilizing dif-
ferent Coherent Diamond series CO2 
lasers in the 150 to 500 W range, with 
higher powers translating directly into 
faster cutting speeds (over 50 m/minute 
at 500  W).  The cutting bed of the 
Omnibeam can accept material sheets 
of up to 1.2 x 1.2 m, and can process 
acrylic sheets up to 25 mm thick.  

The typical 
sign making 
operation is 
a relatively 
small shop, 
in which 
equipment 
may be 
crowded 
together at 
close quar-
ters and is often operated by personnel 
not familiar with lasers. For this reason, 
the Omnibeam is constructed to have a 
small footprint and is fully enclosed, so 
that the operator has no access to laser 
radiation or cutting fumes, which are 
completely removed by an extraction 
system. 

Recent advances in CO2 laser technol-
ogy have been key in reducing the cost 
and improving the capabilities of these 
systems. In particular, the development 
of sealed, slab discharge CO2 lasers 
such as Coherent's Diamond series, 
offer better performance and practi-
cal characteristics than older designs. 
Specifically, slab discharge lasers are 
now much more compact (for a given 
output power) and more reliable than 
their predecessors. These factors lower 
both pur-
chase price 
and long 
term cost of 
ownership 
over older 
CO2 laser 
systems.

Coherent Diamond series lasers pro-
duce a high quality TEM00 beam (M² 
<1.2) which can be focused to a small 
spot. This is critical to achieving the 
best edge quality when cutting thick 
pieces of soft plastics, such as acryl-
ics. These lasers also produce a nearly 
square wave pulse shape with high 
peak power. This facilitates process-
ing of harder plastics, such as ABS, by 
vaporising the material.  

To cut shapes with the Omnibeam, art-
work is first created using a PC based 
CAD or drawing program. Artwork 
files are then processed by Coherent’s 
LaserLink software, which assigns all 
the system variables such as cutting 
speed, gas parameters etc. Up to 10 
different processes (including rapid cut-
ting for a frosted edge, slow cutting 
for a polished edge, engraving) can 
be specified within a single job. Jobs 
are transferred to the Omnibeam itself 
through an Ethernet connection.  

The Coherent 
Diamond 
laser based 
Omnibeam 
machining 
system can 
cut a variety 
of materials, 
including 
plastics, 
wood, natu-
ral stone, 
fabrics and 
metals.  This 
broad capa-
bility, com-
bined with its 
compact size, ease of use, and low cost 
of ownership characteristics, make it an 
attractive alternative in sign making as 
well as many other industries.  

Stephen Lee is Marketing Manager, 
Laser Machining Tools, Coherent Inc.

E: Stephen.Lee@coherent.com

CO2 lasers improve sign and display fabrication

Omnibeam- cut acrylic with a 
polished edge appearance

The Omnibeam can cut and 
engrave materials such as 
wood and natural stone

MATERIALS PROCESSING

Fine details when cutting 
acrylic with the Omnibeam
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Photonics21 vision paper
Photonics21 now lists more than 1600 
members, and a capacity crowd of 
300 attended its annual meeting in 
Brussels last week to see the associa-
tion's "vision" handed over to European 
Commissioner Neelie Kroes (see http://
optics.org/news/2/2/21). That was a 
largely symbolic gesture, but it is fair to 
say that Photonics21 has been instru-
mental in pushing photonics up the 
political agenda in Brussels.

SME representatives at the event wel-
comed Kroes’ message on simplify-
ing the transfer of technology from the 
research stage to an industrial level. 

“We need new thinking on how to accel-
erate the entrepreneurial capacity and 
innovativeness of high-tech SMEs,” 
Kroes said. “I want to see more bridges 
between potential and the resources 
needed for commercialization.”

In the past, a push up the political 
agenda in Brussels has translated into 
increased funding for research projects 
in the main. But when the new EU 
budget comes into force from 2013, the 
emphasis is going to change. Expect to 
see more market-led funding for innova-
tion with a direct economic impact.

Edited from a news piece of 24/2/2011 
from optics.org.

Microscope with 50 nm resolution

UK researchers at the University of 
Manchester have demonstrated the 
highest-resolution optical microscope 
ever with the aid of micro-spheres.

The microscope imaged objects down 
to just 50 nm, about one tenth the wave-
length of visible light. Conventionally, 
the resolution of an optical microscope 
is set by the diffraction limit but this 
microscope makes use of "evanescent 
waves" emitted near an object and usu-
ally lost altogether. Instead, the beads 
gather the light and re-focus it, chan-
nelling it into a standard microscope, 
allowing researchers to see with their 
own eyes a level of detail that is nor-
mally restricted to indirect methods such 
as atomic force microscopy or scanning 
electron microscopy. The team says 
the method could even be used to view 
individual viruses.  

The first of the UK’s new network 
of Technology Innovation Centres 
was launched on 17 March 2011 at 
the University of Sheffield Advanced 
Manufacturing Research Centre (AMRC) 
with Boeing. The AMRC with Boeing, 
and its new sister facility the Nuclear 
AMRC, are part of a consortium of seven 
research centres appointed to run the 
Technology Innovation Centre (TIC) for 
High Value Manufacturing. 

Business Secretary Vince Cable MP and 
Deputy Prime Minister Nick Clegg MP 
announced details of the new centre 
before visiting the AMRC in Rotherham. 
The AMRC was identified as a role 
model for the TIC programme by Prime 
Minister David Cameron, as he launched 
the programme in October 2010.

Vince Cable MP said: “The Technology 
Innovation Centre will help to equip UK 
industry with the ability to capitalise on 
the future global market opportunities by 
drawing on leading edge research 

“The investment in the new centre will 
further bridge the gap between universi-
ties and businesses, helping to com-

mercialise the outputs of Britain's world-
class research base.”

The AMRC and Nuclear AMRC will joint-
ly operate the High Value Manufacturing 
TIC as part of a consortium of seven 
established manufacturing and process 
research centres. The other centres in 
the consortium are:

• Advanced Forming Research Centre, 
Glasgow

• Centre for Process Innovation, 
Teesside

• Manufacturing Technology Centre, 
Coventry

• National Composites Centre, Bristol
• Warwick Manufacturing Group

The TIC funding, worth £30 million pa 
over 10 years, allows the seven centres 
to build on their established success 
and expertise and create a national net-
work. The bulk of the new money will be 
invested in new facilities, to expand cur-
rent operations in response to industry 
needs and create research programmes 
in new technology areas.

Over 10 years, the centre is expected 
to lead to some £2 billion of additional 

manufacturing R&D in the UK, and the 
creation of 3000 new research engineer 
jobs across the seven centres.

Professor Keith Ridgway OBE, Research 
Director at the AMRC with Boeing and 
Programme Director at the Nuclear 
AMRC, said: “We are delighted that the 
Government is backing high value manu-
facturing. The Government recognises 
that we are a manufacturing nation, 
and supporting the kind of collaborative 
research pioneered at the AMRC is a way 
of making sure that our manufacturers 
are at the cutting edge of innovation.”

For further information contact the AMRC 
Communications Manager, Tim Chapman

E: t.chapman@amrc.co.uk

University of Manchester in the news
Breakfast Workshop 
On 4 March 2011, 22 industrialists 
from 19 companies attended a work-
shop organised by the University of 
Manchester at a location convenient for 
companies in Lancashire and north of 
Manchester, on laser surface engineer-
ing, laser marking and fibre lasers. It 
was funded by the KE-LAS (Knowledge 
Exchange in Laser Engineering) pro-
gramme as a ‘technology breakfast 
knowledge transfer to industry’ event. It 
lasted two hours, including breakfast. 

The event was well received, measured 
by the fact that around two thirds of the 
audience stayed behind after the pres-
entations for 1-2-1 conversations with 
University staff, and by the companies 
interested in engaging with the univer-
sity. 

Most companies attended had no 
prior knowledge or experience in laser 
processing technology. As a result of 
promotion for the workshop many com-
panies are discussing various forms 
of collaboration with the University to 
develop laser technology for their appli-
cations.

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

Sheffield’s AMRC takes lead role in the UK's first Technology Innovation Centre

The Advanced Manufacturing Research Centre, 
Rotherham
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EDITORIAL

Golden Oldies
The start of a regular feature highlighting articles in The Laser User that made an impact at the time and still have a message today. 
This humorous piece appeared a decade ago (Issue 25, December 2001) and was a big hit with the laser job shop community.
Like all Golden Oldies, members can download PDFs of past articles from the AILU web site and clicking 'The Laser User Magazine' link.  

My name is Isaac Leverdick and 
I am a laser cutting machine 
operator. I would like to 

enlighten you on the day-to-day activi-
ties of a laser cutting professional.

The laser cutting industry really has 
presented me with a career opportunity 
I never thought would happen. Here I 
am today, a fully qualified laser cutting 
expert when it seems like only yester-
day I was a security consultant at the 
local lap dancing club.

When I came to the interview for this 
job the boss told me that the machines 
were so good these days that, virtu-
ally, all I had to do was press the right 
buttons. As my wife has told me that I 
always know how to press the right but-
tons, I knew this was going to be the 
job for me.

I soon found out that it was not quite 
that simple, I had to put material onto 
the machine and check the components 
and pack them for delivery, for ten 
minutes in every hour it was non-stop – 
much harder than I expected.

Picking the right material is easy, mild 
steel is dark, stainless steel is shiny and 
aluminium is the same as stainless steel 
except it’s lighter. Sometimes if I can’t 
find the right mild steel I use stainless 
steel but the customer doesn’t mind 
cause he likes it when it’s shiny.

It’s important to place the material in 
the right place on the bed and some-
times this can be difficult (because 
sometimes it is very heavy) - unless it 
is polished stainless steel, then it’s OK 
because it slides easy.

When I have cut the first part I have 
to check the measurements – this is 
the easy bit.Sometimes it can be a bit 
confusing because the part I have cut 
doesn’t look like the drawing I have 
been given. This is usually because I 
have been given the wrong drawing and 

so I just cut them anyway, the last 
thing I want to do is to waste sev-
eral hours until someone comes in 
the morning.

Talking about drawings, sometimes 
the customer sends us a new draw-
ing because he can’t make up his 
mind what he wants. In this case 
we have a choice which one to use 
and we usually use the old one 
because that’s the one we know 
best.

You have to take a good look at 
the profile and count the holes to make 
sure you have got enough of them, it’s 
better to have an extra one than be 
short. (It’s also important to make sure 
that they are packed well because I 
have known the time when I have cut 
holes that have not been there when 
they arrive).

To check the measurements you use 
a vernier or a ruler. An important point 
here is to make sure that, if you use the 
vernier to open the Budweiser you had 
with your sarnies, you should make sure 
you have no bits of cork stuck between 
the prongs.

Checking the thickness is important 
and you have to know what you’re 
doing. Sometimes it might be 10 mm 
or 10 swg (the same thing) or 5 mm or 
6 mm (nearly the same thing) or it might 
be 1 mmm which is quite thin.

Before you can be certain that the job 
is finished you have to make sure that 
you have cut enough. I never thought I 
would say this but I really am glad that 
we spent all that time at school chant-
ing the multiplication tables. It really 
is useful to know that nine times eight 
is ninety-eight and seven times six is 
seventy-six etc. etc.

There are a few rules that we have to 
follow, this is some of them:

1. If we must go to sleep and fall head-
first into the Sun crossword we should 
make sure we do it when there are no 
visitors in the building.

2. We must not walk over sheets of 
steel unless the tread pattern on our 
boots has been approved by JCB.

3. If we have a slow job and plenty 
of time on our hands we are allowed 
to clean up around our machine if we 
want to.

4. If another operator needs a hand you 
are expected to help but it is usually 
OK to leave it until you have finished 
the paper or, if there is a match on the 
radio, until half time.

5. Once you have started a job on the 
machine it is alright to walk away as 
long as you return within half an hour of 
it finishing.

I hope this has given you an idea of 
what it is like to be a professional laser 
operator. For me it’s the greatest thing 
since Walsall drew with Manchester 
United and the wife won a free set of 
teeth in the bingo raffle.

(This article was written without collabo-
ration with management and was pub-
lished just after Isaac Leverdick’s return 
to the security industry)

David Lindsey is MD of Laser Process Ltd, 
Cannock

A Day In The Life Of ....

A Laser Operator (We’ve all employed this guy!)
Some hard experience and light relief

David Lindsey
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The jewellery industry is renowned as 
being built upon detailed knowledge of 
precious metals and gems coupled with 
intricate manual skills and techniques 
that have been used for generations.

With such a traditional reputation the 
image of the jewellery designer’s work-
shop to those outside of the industry is 
likely to be of a place left behind in the 
technology race. In reality however for-
ward thinking, innovative designers and 
goldsmiths such as David Poston have 
combined traditional skills and crafts-
manship with the latest laser welding 
technology, to produce intricate and eye 
catching items which would otherwise be 
impossible or completely impractical to 
produce using any other joining process.

The picture shows a gold bracelet pro-
duced by David and is produced from 
very thin sheets of 18 carat gold that 
are welded together to create a finished 
item which weighs a mere 4 ounces. 
Using the microscope on Rofin-Baasel 
UK's manual welding system, David 
was easily able to join the hand-held 
parts within the light-proof work cham-
ber. Heat input to the piece is mini-
mized as the focussed laser beam is 
only about 0.3 mm in diameter. David's 
method of sheet metal construction 
depends upon these attributes.

Laser welded joints are three times 
stronger than soldered joints, with the 
added benefit that laser welding does 
not anneal the surrounding metal. This 

metal thus retains its maximum rigidity, 
making the production of these brace-
lets possible. The finished bracelet gives 
every impression of being solid gold; 
only the wearer knows otherwise.  

It has to be LASER
Examples of where laser technology provides the only practical means of manufacturing an item or feature. This issue's winner is 
Dave MacLellan of Rofin - Baasel UK 

Use of lasers in fine jewellery welding

There is a worldwide proliferation of 
overpowered (and under classified) laser 
pointers (AKA 'laser pens', 'handheld 
lasers') which present both a high risk of 
injury to the eye and an extreme dazzle 
hazard with a potential to cause even 
more serious injury in scenarios such as 
aircraft landing or persons working at 
heights. Thanks to their low manufactur-
ing cost and availability on the Internet 
it has become practically impossible to 
prevent such injuries.

One of the most 
moving recent stories 
I've come across 
is of an 11 year old 
Norwegian girl (pic-
tured) who acquired 
a green laser pen 
and shone it into 
both her eyes. In a 
TV interview she tells 
(in Norwegian) how, 
when she did this, she experienced a 
pink colour which she loved to look at. 
The result of this is that she has lost 
90% of her high acuity sight in both 
eyes, leaving her with little but peripheral 
(side) vision. Such injuries to the retina 
are permanent. An active child, she has 
now had to give up football and many 
other sports because she cannot see the 
ball. The TV interview can be seen at:  
http://www.nrk.no/videoskadet_av_laser/ 
6A24CDE250653DF7/

As a laser safety professional who was 
involved for many years in the drafting 
of international standards on laser safety 
I am only too aware of the challenge 
of keeping up with the consequences 
of technological and societal develop-
ments. The challenge here is the mini-
aturization and low cost made possible 
by diode laser technology, its portability 
and the potential to produce higher 
power output (albeit with reduced laser 
life). Combine this with the freedom of 
Internet shopping, the irresponsibility 
of some manufacturers in not comply-
ing with safety standards (especially in 
regard to proper classification and safety 
controls), and unscrupulous dealers 
pitching the sale of higher power devices 
with scant mention of the laser hazard 
and it is surprising that more young peo-
ple are not injured. The suspicion is that 
many such injuries are not reported. 

In the UK, trading standards authori-
ties follow the Health Protection Agency 
advice to restrict the sale of laser point-
ers to the general public to Class 2 
devices (see the laser pointer information 
sheet on www.hpa.org.uk). This corre-
sponds to a maximum of 1 mW in a vis-
ible beam; enough to cause serious daz-
zle but so far there have been no docu-
mented cases of actual eye injuries. For 
the same beam power a green output is 
much more visible to the eye than a red 
beam (typically by a factor of 20) but the 
risk of eye injury is the same.

In my experience assessing laser point-
ers involved in accidents and incidents 
I have come across many with outputs 
of around 10 mW and some close to 
100 mW. These lasers, if properly clas-
sified, are Class 3B and the laser safety 
product standard requires them to carry a 
number of engineering controls, none of 
which a typical laser pointer possesses. 
The pen-like body, often replete with 
clip for carrying in the pocket, belies its 
potential for causing serious eye damage.  

Perhaps what upsets me most about the 
case of the Norwegian girl was her fasci-
nation with the pink afterimage from the 
laser beam. How sad that such innocent 
interest in laser light beams, something 
shared with most AILU members, is so 
irresponsibly exploited by purveyors of 
overpowered laser pointers and can lead 
to such awful injuries. We in the laser 
community need to play our part by tak-
ing every opportunity to publicise the risk 
and educate our young people.

Mike Green Pro Laser
Certified Laser Protection Advisor 
E: mikeg@prolaser.co.uk

Gold bracelet by David Poston. Despite 
dimensions of 100 x 70 x 35 mm it weighs a 
mere 4 ounces (88 grammes).

Reflections on laser injuries by overpowered laser pointers
Extreme case: 
this hand held 
laser marketed 
at the general 
public gives 1W 
of blue light. A 
single direct eye 
exposure to even 
1% of the output 
could be enough 
to permanently damage eyesight.

http://www.wickedlasers.com

11 year old Jeanette 
seriously injured her 
sight with a laser pen

C
ourtesy: nrk TV, N

orw
ay
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This issue's winner was sent in by 
Stuart Jackson of EOS Electro Optic 
Systems Ltd. The choice of a violin  
gives an easily understood message 
about the potential for AM in the manu-
facture of complex 3D structures 

To quote The Economist: 'It is impos-
sible to foresee the long-term impact of 
3D printing; it will create winners and 
losers in the short term, but in the long 
run it will expand the realm of industry-
and imagination.'
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EDITORIAL

It is an honour and 
a privilege to be 
appointed President 
of the Association, 
and first and fore-
most I would like to 
thank Paul Hilton for 
his efforts in guid-
ing AILU through a 
tough period caused 
by the financial crisis. 

In addition, Paul was the chairman of 
the ILAS committee and delivered an 
excellent and successful event with 
attendance beyond expectation and 
a two day meeting that was bursting 
with content and full of opportunity for 
knowledge exchange and networking. 

It was also good to talk to laser and 
systems suppliers and hear reports of a 
healthy start to 2011. However, it is still 
early days and it would be wrong to 
assume that business will be booming 
from now on, particularly as the impact 
of the government's public spending 
cuts feeds through into the economy. 
Still, upbeat news about sales in our 
industry is heartening to hear.

So, all in all, my period of office, begin-
ning at ILAS itself, has seemingly 
started on a high note. But there are 
issues that will need to be addressed 
for AILU to continue to provide its 
membership with a quality offering and 
embracing a wide and diverse member 
profile. Membership needs to grow 
again, and we need to see an increase 
in income from workshop attendance 
and advertising. Without much hope 
of external UK or EU grants there will 
have to be an even greater emphasis 
on income generation and efficiency 
in operation to maintain the level and 
quality of service. 

This will certainly have to be a key 
issue for my period of office, and 
Mike Green and I are really pleased 
to be joined in this by our new Vice 
President Neil Main, whose business 
acumen will be greatly welcomed.

The AILU committee will be making 
fresh efforts to start a period of growth 
in membership numbers and benefits. 
But I ask all members to help make 
this happen and to continue to support 
AILU by attending workshops, taking 
out advertising, and encouraging new 
companies to join AILU. 

Martin Sharp

PRESIDENT'S MESSAGE

I provide independent laser service for 
companies throughout Australia and 
New Zealand; recently I took on a job to 
refurbish a chiller.

This machine is in tropical North 
Queensland near the coast, plus the 
chiller is outside, as it is already warm 
enough in the factory, not to mention 
the humidity! Tropical rain, intense sun 
and salt spray had taken their toll on 
the chiller and its condition belied its 6 
years of age.

I had agreed to do this on a Sunday so 
as to minimise downtime to the enter-
prise. I disconnected my “loan chiller” 
that allowed them to run while their unit 
was refurbished. After completion, I 
slotted the chiller back into service and 
set about draining the Citranox solu-
tion from the tank of the chiller: this had 
been run through the system to clean 
all the pipework and heat-exchange 
surfaces in both the laser and the chill-
er. The tank was now flushed and clean 

and I started to refill it with the coolant 
mix that had been retained in drums. 

Testing the concentration of the mix 
I found it to be a bit low on inhibited 
glyco. "No worries,' I thought, "I know 
that the customer had some undiluted 
coolant on hand." The customer had 
provided an assistant to help me, so I 
sent him off to find the containers. He 
came back with a pallet labelled 'cool-
ant' and stacked with black 20 litre 
containers. I poured 3 or 4 of these into 
the tank and checked the concentra-
tion, still not enough: grabbed another 
container, cap off, in it goes. 

It was then that I realised that there was 
something wrong with the colour and 
wrong with the smell!  Someone has 
put a container full of oil on the pallet of 
coolant. It could have be worse than it 
was, since luckily I didn’t have the cir-
culation pump running, and oil floats on 
water! So, several hours later and a lot 
of skimming, pumping, cursing and all 
was good. We have had enough natural 
disasters in Queensland this summer; 
thankfully this man-made disaster was 
averted.

'Greatest Cock-up' contributed by Pat 
Mulhern of ELS Expert Laser Solutions, 
one of AILU's loyal Australian members

E: patmulhern@bigpond.com

Disaster in Paradise

A chiller after 6 years outdoors in North 
Queensland

During and after: servicing an external chiller unit

Most Gorgeous Part
Front page of 
The Economist 
12 February 
2011 with the 
title 'Print me a 
Stradivarius - the 
manufacturing 
technology that 
will change the 
world' and a 
caption 'This 
violin was made 
using an EOS 
laser- sintering 
3D printer (and it 
plays beautifully)'.
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Heriot Watt is one of only two UK univer-
sities to have a graduate win the Young 
UK Laser Engineer’s Prize, and both in 
the past 4 years and under your supervi-
sion! Heriot-Watt University also aver-
ages more attendees at AILU meetings, 
which is especially impressive given the 
greater cost and distances involved. Why 
do you think this might be?

More than one question here! For the UK 
Young Laser Engineer’s Prize I would like 
to think that it is because we try and do 
research which is industrially focused, 
and driven by the real needs of our col-
laborators.  Regarding the AILU meet-
ings, I find these particularly useful for 
students and postdocs new to industrial 
laser applications, allowing them to come 
up to speed quickly with relevant tech-
nology.  They also provide excellent net-
working opportunities, and it is vital that 
students and postdocs have access to 
such opportunities – after all it might be 
where they make the contacts for a future 
job offer.  Of course you could simply 
say that my students win prizes because 
they of the valuable training they have 
received at the AILU meetings...  

UK technology transfer in laser materials 
processing is a great challenge. How do 
you approach it and how would you like 
to see it developing both at Heriot-Watt 
and more generally in the UK? What 
do you think of the new Technology 
Innovation Centre initiative in the UK?

At Heriot-Watt our approach to 
Technology Transfer is by working 
directly with companies on collaborative 
projects, driven by the requirements of 
the company.  Even so, there can still 
be problems with the company taking 
our results at the end of the project and 
developing them into a manufactur-
ing process.  The Technology Strategy 
Board-type funding is a good vehicle 
for this, as it takes the technology much 
closer to market.  The Technology 
Innovation Centres (TICs) are certainly a 
good idea, but as there is not that much 
really new money involved, it is likely that 
this will have the effect of reducing funds 
for manufacturing elsewhere – and of 
course the TIC is not going to cover all 
aspects of manufacturing.

How important is it for Heriot Watt 
University to generate and protect its 
intellectual property (IP)? 

It is very important for us to generate IP, 
however this is usually done in collabo-
ration with companies, so protection is 
typically carried out by a collaborating 
company.  In my view, it is not the role 
of universities to make significant money 
directly out of IP but rather to work with 
industry to ensure that this IP is exploit-
ed; however I am well aware that others 
have different views!

For those in laser materials processing, 
there seems to have been an especially 
large activity in collaborative grant appli-
cations during this last year, possibly 
linked to shortfalls in direct funding. How 
have you experienced the funding crisis 
and how do you see the view of funding 
bodies towards support of laser materi-
als processing activities?

At Heriot-Watt we are fortunate to 
currently be part of an Innovative 
Manufacturing Research Centre (IMRC), 
and so the impact of the funding crisis 
has not been too direct so far.  However, 
funding for this Centre is due to end in 
2 years time, and it is somewhat unclear 
what funding mechanisms will be avail-
able at that point.  Overall there seems 
to be good support for manufacturing 
by both the Engineering and Physical 
Sciences Research Council (EPSRC) and 
the Technology Strategy Board, how-
ever we need to ensure that laser-based 
manufacturing receive a fair share of the 
associated funding.

There are a couple of funding changes 
which I think could have quite serious 
implications not just in manufacturing 
but across the board.  Firstly, EPSRC 
have announced that they will only pay 
a fraction of any equipment costing 
more than £10k (they do not specify 
what this fraction will be, but remind us 
they have a capital budget cut of 53%).  
This could have serious implications 
for groups when they need to update 
equipment to maintain a state-of-the-art 
facility.  University groups will need to 
explore different ways of funding, includ-
ing part industrial sponsorship; leasing 

arrangements rather than purchasing; 
more collaborative working between uni-
versities.  The second important change 
is a significant reduction in EPSRC 
funding for studentships.  This has two 
impacts; firstly reducing the number of 
people working on research projects in 
universities and secondly reducing the 
number of trained people exiting the uni-
versity system.

How can you really understand the 
needs of industry when you have always 
worked in a university?

It is true that I went to university at the 
age of 17 and then never left…(although 
at least I did move between universities).  
However in the 20 years I have been 
at Heriot-Watt I have always worked 
closely with industrial collaborators and 
so have come to understand well the 
requirements of industry.  A good meas-
ure of success here is repeat business 
– for example I have had 11 separate 
contracts from the same industrial part-
ner over the past 12 years.

Have you ever felt the desire to set up a 
start-up company?

Not really. Although I wouldn’t completely 
discount it as a possibility, I think it is 
often more effective to work with an 
established company.  Start-ups can 
actually have quite a negative effect on a 
university research group, diverting sig-
nificant academic energy to something 
that will most likely fail.  However, there 
are of course exceptions – and best of 
luck to anyone who goes down this road!

The development of high brightness and 
ultra-short pulse solid-state sources 
continues to have a major impact on 
laser materials processing applications. 
Which trends in laser source/ beam 
delivery / laser machine development do 
you feel will be particularly important.

Laser beam manipulation and beam 
delivery are certainly areas of interest.  

An academic working with industry 
Interview with Duncan Hand
Professor Duncan Hand, Head of the School of Engineering and Physical Sciences 
at Heriot-Watt University Edinburgh, addresses matters industrial

The AILU INTERVIEW



The Laser User       Issue 62, Spring 2011 17

SHARP COMMENT 

For example, with the recent develop-
ments of very high average power ultra-
short pulsed lasers, beam manipulation 
and work handling of course becomes 
particularly important, with requirements 
for very high speed scanning systems, 
to prevent average power effects from 
dominating. Also, fibre optic beam deliv-
ery is an important technology, enhanc-
ing safety and simplifying machine 
design; however its use with ultra-short 
pulses and with the UV is currently 
rather limited due to optical damage 
problems.  Novel hollow core fibres are 
a potential solution here.

Another technology where I think there 
is still potential for development is 
fibre-delivered direct diode technology.  
Although this solution will never have the 
brightness of a fibre laser, many applica-
tions, such as welding and other joining 
processes do not require a high bright-
ness beam.

How do you address the challenge of 
keeping up to date with the latest laser 
materials processing equipment? 

I find that the best way of keeping up to 
date is by attending suitable major con-
ferences / exhibitions.  One of the best 
of course is Laser Munich, held once 
every two years n

In March AILU held 
its second Industrial 
Laser Applications 
Symposium, in 
Warrington. Over the 
two days there were 
some 175 attend-
ees. The attendees 
were treated to two 

full days of talks that illustrated the 
strong laser activity we have in the 
UK. It proved to be a successful 
event for AILU, building well on the 
first event held nearly two years ago 
In Cambridge. And already a review 
has taken place to help formulate our 
plans for a similar event in 2013.

Part of the review included an analysis 
of the attendees and the figures suggest 
that less than 1 in 5 of organisations 
represented were laser users from indus-
try. The biggest contingent, around 1 
in 3, were research organisations, most 
(but not all) from university groups. 

Perhaps this is not too surprising, It 
might be felt that ILAS is aimed at the 
research community. But I don't think it 
is, and neither was It intended to be. It 
is an opportunity for the UK laser com-
munity to get together, network and find 
out what new developments there are in 
laser technology and processes. Clearly 
this should be attractive to research 
organisations, but it should also be in 
the interests of engineers and managers 
from industry to know what is happening 
in the laser processing field.

We would dearly like to see more indus-
trial users of lasers at AILU events and 
indeed as AILU members. This has been 
a recurring topic for discussion within 
the AILU committee and two key issues 
have been identified - how to make con-
tact the right people in manufacturing 
industry and how to convince them of 
the benefit of engaging with AILU. 

One of the most obvious ways of finding 
out who our laser users are would be for 
the supplier companies to encourage 
their industrial customers to join AILU 
and attend events, but there may be 
reluctance to do this and risk some cus-
tomers moving to a different supplier.

It can be argued that vendors should 
have courage in the strength of their 
relationships with customers and expect 
a degree of loyalty in return for an excel-
lent product, expertly supplied and well 

supported. And whilst it should be true, 
I know as an academic that I become 
very protective of consultancy contacts 
and collaborative grant applications. 
Indeed, I am always surprised to find 
people in industry holding the misguided 
view that academics are happy to share 
ideas and contacts around our commu-
nity. Grant funding is highly competitive 
these days!

Another source of potential reluctance 
to engage with AILU is Intellectual 
Property. It could be very damaging to 
a company if a competitor discovered 
that it had an interest in lasers; it could 
be enough to lose the first company its 
competitive edge.  

All this aside, we are all under pressure 
to to do more for less, especially in the 
current financial climate. So whilst it 
might be ideal for an engineer or direc-
tor to join AILU to keep up to date with 
laser processes and technology, the 
case for expending time and money 
might be turned down unless there is a 
specific short requirement that would be 
clearly met by such action.

It is therefore not surprising that AILU 
struggles to attract as many from 
industry as it would like, but as an 
Association of Laser Users it must strive 
to meet user needs, to justify the time 
and cost of their involvement. They 
are ultimately the key members of the 
Association, and ones that us "suppli-
ers", whether it be products, services, 
consultancy or academic research, 
depend on and seek to engage with.

ILAS was a great success for the 
Association. It confirmed Stewart 
Williams' vision for AILU to hold such an 
event when he was President, and the 
chairing and leadership of Paul Hilton for 
this second ILAS should be commended.

It was an honour for me to take over the 
Presidency from Paul. It is the second 
time I have "worked" under Paul, the 
first being at Control Laser, fresh from 
my PhD studies with Bill Steen, now 26 
years ago. Both times I've learnt quite a 
bit, and I'd like to thank him for this. And 
now that I have to write a Presidents 
column, this one will have to go, at least 
for now. Perhaps its time for a column 
dealing with "The Main Issue" or similar. 

Martin Sharp
E: m.sharp@ljmu.ac.uk

Where are our users?
A series of personal opinions by an industrialist turned academic
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JOB SHOP CORNER

When I was told that I should 
take a look at social media, I 
wasn’t convinced. Like many 

businessmen, I felt that too many peo-
ple must have too much time on their 
hands. Why did they feel the need to 
tell the world what they had for their 
breakfast or share their thoughts 
about their favourite TV soap? I just 
didn’t get it.

But that changed when I took time 
to discover that actually social media 
doesn’t have to be about such trivia. It 
can be about anything you want it to 
be, and in business, it can become a 
powerful tool for marketing, networking 
and keeping in touch with your custom-
ers. I’m not saying that social media is 
now the be-all and end-all for business, 
there are too many so-called experts 
and gurus already extolling its virtues as 
a 21st century saviour for industry and 
commerce. But I can see the benefit. 

As I start my own journey in social media 
I know that I can make my own way, fol-
low my own path and do my own thing 
– not for the sake of veering into ‘too 
much information’ but for highlighting 
my company’s achievements, successes 
and developments with an audience I 
can build up as a loyal and genuinely 
interested community around my com-
pany’s products and services. These are 
very exciting times and as the director 
of a company which is often thought of 
as high-tech, I embrace these innova-
tive communication methods to help my 
company progress.

Gone are the days for example when if 
I want to highlight a newsworthy item 
about my company that my first thought 
is preparing a press release for my local 
paper, where my latest announcement 
will sit in a ‘to do’ file and be tweaked as 
a hard-pressed journalist sees fit, to go 
where they want in the paper. Now I am 
in control, I can tweet about our good 
news stories, share pictures and pro-
vide as much or as little information as 
I would like. I’ve become a ‘citizen jour-
nalist’ reporting on my own company – 
or my allocated member of my team has 
- and this can be a much more satisfying 
way of getting our news out there than 
relying on an exhausted reporter. It’s also 

a lot more cost effective. 

With the help of Passionate Media, a 
local agency, we’ve just set up a Laser 
Process blog, a Twitter feed and a 
Facebook page. We’ve already shared 
blog posts and tweets on a wide range 
of subjects including new services we 
offer, major contracts, exhibitions we’ve 
attended and staff developments. The 
people we have following us on each 
of these platforms include a wide range 
of customers and partners as well as 
influential business organisations like 
the Birmingham Chamber of Commerce 
Group. The number of followers is still at 
the very early stages but we believe it’s 
about quality not quantity. Those early 
followers have become solid advocates 
for our services, discussing and shar-
ing our content online, helping us make 
more of a splash and strengthening our 
marketing activities.

A major misconception
I think one of the biggest misconcep-
tions about social media is that it can 
take up too much of your time. When 
you already have a million things to do in 
a day, how is social media activity going 
to get a look in? 

Well it’s up to you. But don’t forget that 
these new means of communication 
can also save time – you can research 
latest industry developments, keep up 
with important media, carry out research 
and share best practise with like-minded 
contacts, all at the touch of a button.

Sounds easy, doesn't it?  Why not give it 
a go? You may just find that it is... 

To see how I've set things up, feel free to 
visit Laser Process online:

Blog  
http://laserprocess-blog.typepad.com/
laser-process/

Facebook 
https://www.facebook.com/pages/Laser-
Process/176556909046776?ref=ts

Twitter 
http://www.twitter.com/laserprocess

Website 
http://www.laserprocess.co.uk/

Like Me, Follow Me or get LinkedIn?
Getting up to speed with communication technology

David Lindsey
Laser Process, Cannock

Top five tips on getting started

Tips from 'Passionate Media'  
(www.passionatemedia.co.uk) on the 
new communication technology.

1. Anyone calling themselves an expert 
or guru, probably isn't. This is such a 
fast-moving, emerging phenomenon 
that there's already lots of noise made 
by people trying to make a quick profit 
by persuading others that there are 
rigid rules governing the use of social 
media and their way is the best or only 
way. But that isn't really the case, save 
using a bit of common sense.

2. Don't be blinded by the technology. 
It is a way of communicating: it's as 
simple as that. You may be the least 
technically proficient person you could 
meet, but you will still be able to find 
your way around Twitter and a decent 
blogging platform.

3. Quit concentrating on how long you 
are worrying it takes and think about 
the benefits. It is going to take time 
to build up a meaningful presence on 
social media but the benefits are huge. 
Sounds obvious doesn't it? If you are 
passionate about your message, isn't it 
important to get it out there?

4. People buy off people, even online. 
When you venture into social media, 
remember that just as you wouldn't 
steam on in at a networking meeting to 
scare people witless with an aggres-
sive sales pitch, nor would you do this 
in a social media environment. Relax, 
be yourself and be interesting. Give 
people a reason to follow or engage 
with you - that's what counts.

5. It's all about community. In real life, 
how do you approach business net-
working meetings? If you go in with 
your amazing sales pitch every minute 
you are there, you will fail miserably. 
But you can also make contacts, learn 
interesting stuff and generally talk with 
pride about your products or services. 
Crucially, you also listen to others and 
may even do them the odd favour! 
The end result? People know you and 
your company; you build a community 
around it. It's exactly the same with 
social media. See also the Jargon Buster opposite ...
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Fibre lasers have been the subject of 
a lot of jobshop interest for a couple 
of years now – but what are they and 
what’s the big deal? – and what, for 
that matter, is a fibre delivered disk 
laser? Aaaagh …

In some ways it’s a bit like being back 
in the 80’s when CO2 laser sales folk 
were bandying around high-tech jargon 
and the jobshop owners had to sift 
through all the bullshit to work out what 
M2 meant and whether or not it was 
important.

In fact, as far as a jobshop manager is 
concerned there is no real difference 
between a fibre laser and a fibre deliv-
ered disk laser. The differences between 
them are similar to the differences 
between the various technology batteries 
you can get for your torch. As long as 
the torch helps you to avoid stepping in 
the dish of cat food during a power cut, 
what do you care if it runs on Lead Zinc 
batteries or Scotty’s diLithium crystals? 

So – for the remainder of this article I will 
use the term fibre laser to mean both 
fibre and disk lasers (a technical term for 
both is ‘high brightness 1 micron lasers’). 

At the recent AILU ILAS meeting we 

had a talk from the world’s leading laser 
cutting expert – Dr. Dirk Petring, who 
summed up the fibre laser situation by 
saying that, ‘If you compare the CO2 and 
fibre laser performance for thin section 
metal cutting, the CO2 laser is dead’. 
Within hours I heard a fibre laser cutting 
salesman misquoting this as ‘The CO2 
laser is dead as far as cutting is con-
cerned – Dirk Petring says so’. But two 
of the most important words in Dirk’s 
original statement are ‘thin section’.

Fibre lasers do a great job cutting met-
als thinner than 3 mm – they are much 
faster than their CO2 counterparts and 
the edge quality is just as good. If you 
are a manufacturer of metal cabinets, air 
ducting components or point of sale dis-
play racks, where metal thicknesses are 
well within this region, the fibre laser will 
do the job faster – and will probably be a 
better choice than a CO2 machine.

3 mm might be a fairly low maximum 
thickness to allow the fibre – I have seen 
good quality cuts up to 5 or 6 mm – 
however, as the thickness exceeds these 
intermediate thicknesses, it is true that 
the cut edge quality of fibre laser cutting 
is inferior to the CO2 laser. Fibre laser 
salesmen will point out that its pretty 

good – but my custom-
ers would be unhappy 
taking a reduced cut 
quality to the one they 
are used to.

For a jobshop the 
choice is less obvious. My own firm uses 
four big CO2 machines working away 24 
hours a day. If some new government 
incentive came along and offered to 
replace all my machines for free (I wish), I 
would not choose to get four fibre lasers. 
I would get two or three CO2 lasers and 
one or two fibres.  I would then feed my 
fibre lasers everything under 3 mm and 
give the rest to the CO2 machines. 

Later in the year I will be writing a full 
description of the comparative costs 
and advantages of fibre laser cut-
ting machines as compared with CO2 
machines – but for the moment my gen-
eral guideline for the average jobshop 
would be that a fibre laser could be a 
great addition to an existing team of two 
or more CO2 machines – it all depends 
on how much time you spend cutting 
thin stuff.

John Powell
jpowell@laserexp.co.uk

Chairman's report

                      A jobshop view of fibre lasers
Jo

b Shop Group

JSG

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

Blog: short for web log. Some may say 
an online diary. But a blog can be any 
website published through blogging 
software

Feed: same as RSS (see below)

Feedburner: site/service allowing you 
to add a feed to your blog to deliver 
your content to readers without them 
having to log on to read it

Follow Friday: Twitter initiative where 
tweeters recommend others to follow – 
and should explain why – some calls for 
it to be done away with…

Google reader: service to bring feeds 
from your favourite blogs together to 
help you read them in one place

Hashtags:  created by adding # on 
Twitter – terms invented to add to 
tweets on a given subject and build a 
community of tweets/build towards a 
‘trending topic’

Meme: seen by some as similar in 
nature to a ‘chain letter’ circulated 
online. Bloggers invent them and ask 
others to take part – then tag others 
to do the same, creating links to their 
blogs in the process

Ping: short for packet internet gopher. 
It lets content aggregators such as 
Technorati know when a blog has been 
updated

Permalink:  Link to a blog post, link to 
this to enable your blog readers to track 
the influence for what you have written/
relevant information

Podcast: audio file made available 
online

RSS: Really Simple Syndication. 
Delivers internet content to subscribers

Social bookmarking: Tagging, storing 
and sharing internet content

Tag: a descriptive label used to index 
content

Technorati: blog search engine, cur-
rently undergoing major changes

TinyURL: website/service providing less 
cumbersome links

Trending topics: Most popular subjects 
on twitter in a given period of time

Tweet: to publish something on Twitter 
or noun describing a message pub-
lished on Twitter

Vlog: a blog where the content is pro-
vided in the form of video Web 

Wiki: website allowing users to edit and 
control content

2.0: The second generation of web 
where online content is created, collab-
orated on and shared by the community

Internet Jargon Buster
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Where textile and material 
based substrates are con-
cerned, the CO2 laser, with a 

wavelength particularly suited to fab-
ric and paper-type mediums, may be 
judged to be an optimum commercial 
cutting tool. However, it also has the 
capacity to excel in many previously 
unplumbed areas of both functional 
and decorative product realisation.

n the Creative Industries and in par-
ticular within the designer hand-craft 
industries a laser machine tool is not 
generally thought to be appropriate. 
The main objection of hand-craft artists/
designers is that the machine is compu-
ter programmed and usually operated 
by a technician and therefore the artist/
practitioner is not in complete control 
of the production process. Indeed, it is 
frequently the case that the outcome 
depends on the type of laser used, the 
various machine control software and 
hardware and, most important, the flex-
ibility of the machine to work outside 
normal parameters and the permission of 
its owners for such system exploration. 

Even if the practitioner has personal 
access to the technology, who in their 
right mind would allow such a person 
– a textile designer at that, to by-pass 
all the Health and Safety protocols to 
play with their expensive piece of kit – a 
piece of kit that is generally purchased, 
specifically set-up and has to perform 
the tasks for which it was purchased 
with little or no down-time available for 
any work other than contract cutting? 
How does one get around the old chest-
nut of being in complete control of all 
aspects of the work in order to qualify 
for the Designer Hand-Made Craft title?

The only practical way, it seems to me, 
to tick all the boxes and therefore qualify 
a crafted piece of work as Hand-made, 
work that is capable of commanding a 
high designer end price, it for the prac-
titioner to own a laser system. Perhaps 
academic and university researchers 
are able to get around this with free 
access to university in-house laser sys-
tems as part of their academic remit 
and presumably with financial support 

from research monies available to such 
persons through educational bid-funds 
and/or as part of ongoing doctoral pro-
grammes of study, but it turns out not to 
be so difficult or expensive to own your 
own laser machine.

The need to be “Different”
As a Designer I believe it is of para-
mount importance to be “different”. I 
choose to make my difference using 
CO2 lasers and ultrasound. Such tech-
nologies are in complete harmony with 
personal ethics and the textile mediums 
that are my chosen discipline. I do own 
my own laser machines - a large-bed, 
practically antique, Class 4 mechanical 
monster and a fast Class 1 insubstantial 
other. These machines have quite sepa-
rate and different programmes to run 
them and they definitely do not speak 
the same language – no talking to each 
other - a major influencing factor in my 
quest to be different.

As a Designer straight out of a Master 
of Philosophy Research Degree at the 
Royal College of Art, London, in 1992-
1994, I could see the potential for using 
lasers as design tools of the future within 
the textile industry. For this reason alone 
I did not opt for further study and con-
vert my M.Phil to PhD; I wanted out, to 
be able to push and make laser technol-
ogy my own and to make it speak loudly 
for textiles, before someone else did so.

I proposed no dyes, no chemicals, no 
wet-processes and no stitch – environ-
mental ethics to answer my own moral 
judgements. I reasoned that perhaps, if 
this technology were accepted by the 
industry it would make a real difference 
for environmentally responsible produc-
tion, for decorative textile finishing, and 
to art and design realisation within uni-
versity courses.

One month before graduating from the 
RCA I had a CO2 laser machine com-
missioned and built by a local Ministry 
of Defence supplier. It was installed in a 
disused deep-litter chicken shed. All the 
theoretical knowledge gained from two 
years of pertinent research could now be 
explored without anyone telling me “your 
ideas are all in your head”, “rubbish”, 

“you have no tangible proof” and “it will 
not work”. 

I cut my laser baby teeth at Avimo*, 
Taunton, over a two year period, using 
their MOD lasers to burn test materials 
and trial combustible elements pertain-
ing to fire-retardancy, chemical coating 
and engineered waterproofing com-
pounds.

My RCA M.Phil was entitled 'Treatments 
and finishes for apparel and interior 
application'. During the research I had 
established contacts within the Textile 
Finishing world and had access to 
industrial product realisation – the use of 
invisible textile finishing remains a strong 
ingredient for the success of my sub-
strate material creation and to the way 
these materials perform under CO2 laser 
processing.

I grew my professional laser design 
teeth, by experimenting with anything 
and everything that would fit under the 
head of my laser system. No one to 
lecture me; to tell me I was wasting my 
time, that I should do it this way or that 
way, no academic boxes to tick or politi-
cally motivated staff to persuade. 

I embarked on a grand adventure that 
still unfolds in my head, before my eyes 
and beneath my fingers every single time 
I switch on a laser – this is guaranteed 
to be for me: Pure Unadulterated Magic.

This withstanding, I do believe that it is 
vitally important to know and understand 
the rules and regulations of how/why/
what/when. How else may anyone con-

Burn, Slash, Scorch and Stick
- a personal testimony to the joy of creative working with lasers

Janet Stoyel

*now called  Taunton Aerospace     Ed.

Figure 1: Bunch Pleating. Laser plus additional 
ultra-sound. Polyester, polyester/cotton and 
polyolefin film.

20



The Laser User       Issue 62, Spring 2011

trive to throw away the manual and bend 
all the rules in pursuit of the technologi-
cal excellence that I am always chasing?

Because of this thinking I whole-
heartedly support and approve of 
Apprenticeship Schemes, much more 
than the university/college awards and 
certificate routes; and I endeavour at 
every opportunity to support UK gradu-
ates from Art and Design establish-
ments. I seek to encourage insurrection 
and original contributed thought by 
permitting the use of “play” through my 
chosen technology. I seek to inspire so 
others may explore Blue Sky thinking 
and advise a personal path by not to fol-
low where other have already trod. Yes, 
do learn by it, but do not emulate it.

Difference is desirable
In the world of textiles, repetition is 
generally the norm. Often dictated by 
price-point; surface print, weave and 
knit structure may also be restricted by 
the size of a print-screen, loom width or 
knit-bed and by software restrictions. As 
a result, they all follow repetitive formula 
with techniques such as full-drop, half-
drop, motif placement – lasers too may 
adhere to a similar patterning principle, 
with the size of a laser bed frequently 
dictating the pattern repeat.

The laser that I installed in the chicken 
shed truly was an experimental machine. 
It arrived with the panels to construct a 
3 x 2 m perforated bed, whereas I had 
envisaged a smaller table-top model: 
up to this date I had only seen beam 
tubes with a flashing light, nothing more. 
After it was explained to me that I could 
have this bed cut up or keep the large 
bed size for the same cost specifica-
tion, I was so glad I removed the interior 
wall of the shed and kept the big table! 
I had owned the machine for 6 months 
before I joined the AILU and came to 
understand anything about laser hazard 
classification and health & safety issues. 
Thank you AILU!

There were many initial hiccups and 
headaches. I lived in a tiny Devonshire 
village, on the end of an electrical cir-
cuit and next door to a farm. Electrical 
spikes and surges created havoc during 
milking times, with bad echo commands 
and manic multiple passes over one area 
becoming the norm. The air-line to the 
flying head was regularly chopped off 
inside its regulation steel box covering. 
After removal of the cover  little black 
burn marks would periodically appear on 
the nearside hardboard wall. 

At this point in time I was actually fright-
ened of the machine and once it was 
running departed quickly for an adjoining 
room where I could listen and smell if 
something was untoward. In this way I 
learned to listen to the machine, identify 
materials by their characteristic aroma 
and the tune of the particular pattern 
that was cutting, to take no risks, make 
sure stop buttons functioned and off-
switches worked, and to fully respect 
the machinery. But how exciting it all 
was, just to think that I could burn my 
eyes out, cook my brain, pierce my 
cheeks with clinical precision, and make 
wonderful material adventures unlike 
anything else anywhere. I do enjoy such 
stress and tension in my creative work – 
the adrenaline rush of laser-danger adds 
a different perspective to a simple bit of 
polyester, a square of cotton, a length of 
shear steel.

The programme was developed specifi-
cally for my laser system and has some 
peculiarities: bad echo commands, 
shutter opening and end-stop bumping 
caused powers to ramp up and down 
in amazing shocking-pink synchronised 
sequences. Optimisation remains a 
mystery and illustrates how independent 
the performance of the laser system can 
sometimes be.

I was and still remain, enthralled. The 
machine initially owned me and I prac-
tically lived in the workshop while I 
stroked and fed my practical design 
imagination. The enchantment with this 
old laser system continues unabated, 
Push, push, push the boundaries of 
design and I can now make this laser do 
the most creatively unique things. Not 
so with the “insubstantial other” that 
was purchased to do a single job and 
remains functional and much unloved.

Copyright and designing
Paper experiments always predate laser 
experiments. There are several reasons 
for this decision:

• To create a paper trail for copyright 
purposes.

• To test size, proportion and visual 
consistency of a particular design.

• To avoid unnecessary cost – it is 
less expensive to cut with a scalpel 
than a laser.

• I am able to sample designs any-
where I can take a knife.

Also, there are paper substrates available 
that accurately mimic the majority of tex-
tile materials, these may be coated, per-
forated, dyed, printed, pleated etc, etc. 
By choosing such a “paper” reasonable 
decisions may be quickly made as to the 
suitability for laser processing. Although, 
after 17 years of “play” I now know what 
will and will not work I still keep this tried 
and tested formula for research, design, 
creation, manufacturing purposes – this 
continues to inform my own personal 
laser encyclopaedia.

Sampling and designing
I construct a design book for the elite cli-
ent who wishes to commission a design 
and hold the copyright. Usually the 
design source is provided by the client. 

I work pencil ideas, construct paper, cut 
and style then present for approval or 
modification. Final designs are laser cut 
into selected textile/material and sent 
for approval. Once approved, the entire 
research/design/creation collection is 
hard-back bound and becomes an inte-
gral aspect of the commission – a true 
record of design and creation activity. All 
laser work is treated this way – I keep 
and retain my own copy and the client 
retains their own. 

This sampling is also important for the 
generation of seams and joined edges. 
Conventional seaming is readily under-
stood but it is often difficult for a client 
to understand how a laser seam looks 
and performs. This in turn leads to ques-
tions of garment pattern shape and how 
tight angles and curved seams may 
be created for a garment. This in turn 
leads to questions of fibre, synthetic 

TEXTILES IN FASHION

Figure 2: Laseretch® Drawing with smoke.  
Acrylic filled rep-weave Fibreglass.

Figure 3: Laseretch® Drawing with differential 
ramped laser power
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versus natural and all the in-between 
engineered substrate mixes and combi-
nations. And because I am able to bend 
the rules I have been able to trial some 
unusual creative aspects of laser:

I have managed to seal together 22 
layers of material without raising the 
head on the system. Differential cutting 
between the layers enables 3D effects 
to be realised: this effect is particularly 
effective visually if the base substrates 
are sheer in quality and shade and hues 
of colour are explored.

It is possible to imitate a corduroy effect 
by bunch pleating and using the shrink 
capacity of a base substrate while under 
slow laser burn, the material creeping 
lengthways as the heat builds up down 
the table. (figure 1)

Simple Meld techniques may be made 
by line, curve or spot if using compat-
ible synthetic substrates. Power, speed 
and dwell times are crucial for compe-
tent melding but interesting effects are 
obtainable when utilising ramped power 
of slice/surface/full-cut techniques on a 
single piece.

The black edge that most lasers users 
try to avoid is in fact a beautiful design 
effect and adds value to a cut line. 
Switching off the airline that blows air 
across the surface of the laser-bed cre-
ates a great deal of smoke – it also 
necessitates continual cleaning of the 
laser optics but it is capable of being 
channelled to accentuate a line thereby 
creating a visual 3D effect. The sub-
strates in this technique are processed 
up-side-down and are reliant upon the 
extreme use of the vacuum bed sucking 
the smoke through the substrate and the 
remainder out through the filtration sys-
tem. (figures 2 and 3)

The technique of adding colour to a suit-
able substrate is an interesting topic. 
Can colour be derived directly from a 
material – other than the interesting burn 
and char options? This is an aspect of 

colouration that has been achieved and 
is currently in progress industrially. It is 
also currently being investigated through 
the usual academic (PhD) routes. The 
Designer Way - is my secret and one 
that I hope will keep my contemporary 
designer competitors guessing for a 
while longer. 

Commercial collections of Laserlace® 
are derived quite simply from small 
pieces of polyester, these to be worn as 
a scarf, shawl or wrap, or to be used for 
tableware: napkins and runners, or pro-
duced in lengths to perform as curtains 
and drapes... (figures 4 and 5)

Commercial collections for women’s 
wear accessories must have that perfect 
soft-edged feature. In some instances 
it is important to have a laser edge that 
may be obvious to the touch. This slight 
edge acts as a restraint and deters 
shoulder slippage whereby it actually 
clings to a secondary material – in par-
ticular to wool fabrics.

Conclusion
I believe it is vitally important to be dif-
ferent. To be perceived as being differ-
ent is of benefit as a Designer of Hand 
Crafted work. So too is the use to which 
I put laser technology.

By burning, slashing. scorching and 
sticking, using CO2 laser technology I 
am able to command attention from my 
peers within the worlds of textiles, fash-
ion and architecture. I am also able to 
make a significant difference to what I 
create and produce, to what I sell com-
mercially and create artistically, and, to 
how others perceive, relate to, and, often 
employ laser technology.

Lasers are tools, there to be used and 
abused if necessary in the quest to 
be unique. The pushing of the design 
boundaries with laser benefits every-
one – as more is expected from the 
technology so will more flexible laser 
machines be built, more sophisticated 
programmes be written, and as demand 
for laser machinery increases prices will 

come down to more affordable levels, 
hopefully to the point where graduate 
designers can afford to purchase their 
own machines, bend their own rules and 
create original product.

Where next? Faith and Fashion (www.
faithandfashion.co.uk) is a recent venture 
for Laserlace®. In an attempt to blur the 
boundaries between different faiths, I 
resort to Textiles and Fashion, two inter-
ests the majority of women understand. 
(figure 6) Of course the textiles/fashion 
is Laserlace®, but in a new guise for a 
new audience. Once this audience is 
comfortable with commercial realisation 
I shall be back to my Burning, Slashing, 
Scorching and Sticking for introduction 
to an entirely new clientele!

Finally, I make no apologies for the 
absence of academic vigour or such bla-
tant personality, or for the thoughts and 
philosophies prevalent throughout this 
paper; such are merely the prerogative of 
a humble, laser owning, Textile Designer. 

Janet Stoyel MBE is owner manager of 
The Cloth Clinic, The Old Rectory Sheldon, 
Honiton, Devon EX14 4QU 

E: clothclinic@btinternet.com

See Observations p 35

Janet Stoyel MBE has 
earned a reputation for her 
use of lasers in the world of 
textiles. Recently, as a part-
time Senior Research Fellow, 
she established a laser 
department at the University 
of West of England.

Figure 4: Laserlace® Chrysanthemum Lace Shawl 
Metropolitan Museum of Art, NY.

Figure 6: Laserlace® Faith and Fashion. 
Polyester. Oak Leaf Hijab & Lotus Niquab

Figure 5: Laserlace® Polyester double layer Rose 
Border Shawl

TEXTILES IN FASHION
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The preferred technology for laser 
cutting stainless steel and other 
high-alloyed steels is the inert-

gas fusion cutting process. The CO2 
laser at 10.6 µm wavelength is the 
best established sources for this but 
high-power diode pumped solid-state 
(DPSS) disk and fibre lasers with a 
wavelength of about 1 µm appear to 
be attractive alternatives due to their 
advantages in power efficiency, beam 
guidance and beam quality. A direct 
comparison has demonstrated that, 
the same laser power level, DPSS 
lasers are much faster than the CO2 
laser for cutting thin and medium 
thickness material. For thick sections, 
cutting speeds are comparable [1]; 
and as well a loss in cutting speed 
performance cut edge quality for 
DPSS laser cutting poorer in compari-
son to that achieved by a CO2 laser. 
Three main explanations for this have 
been presented in literature: the first 
relates to the smaller focal spot sizes 
and narrower cutting kerfs achievable 
with the DPSS lasers, leading to a loss 
of efficiency during the ejection of 
molten material [2]. The second pro-
poses that the higher recoil pressures 
created by the high brightness of the 
DPSS laser beams by the evaporation 
of molten material on the cut front 
strongly affects the dynamics of the 
blow out of the molten material from 
the cut kerf, making cut quality worse 
[3]. The last of these explanations 
involves wavelength effects in relation 
to the absorption of the laser radiation 
by the inclined cut front [4]. 

Several research papers in recent years 
have presented comparative experimen-
tal studies of inert gas cutting with disk, 
fibre and CO2 lasers [1,2,3,4,5], but the 
corresponding cutting trials were usu-
ally performed under dissimilar condi-
tions (e.g. focus diameter and Rayleigh 
length, the nozzle diameter and type, the 
stand-off distances and the gas pres-
sures), making it difficult to identify the 
main causes of the differences between 
CO2 and solid state laser cutting. This is 
not surprising in view of the many input 
variables in the laser cutting process. 

In his recent work Hilton [6] highlighted 
this issue and carried out a comparison 
of the cutting capability of a high beam 
quality disk laser and a CO2 laser, aiming 
to produce a “meaningful” comparison 
of two laser sources. In order to reach 
this goal, the innovative approach of this 
work is to use optical configurations with 
comparable values of focus diameter 
and Rayleigh length for both types of 
“laser light tool”. Gas pressure, stand-off 
distance, laser power, nozzle dimension 
and type were kept unchanged during 
the cutting trials with both lasers. 

Experimental procedure
Cutting trials were undertaken with 3 kW 
of laser power on 1, 5 and 8 mm thick 
tool steel 90MnCrV8 plate. The experi-
mental investigations, performed with 
disk and CO2 lasers, concentrated on 
analyzing the effect of cutting speed and 
focus position on predetermined output 
parameters. Nitrogen assist gas pressure 
(1.4 MPa), stand-off distance (0.7 mm), 
laser power (3 kW), nozzle dimension 
(exit diameter 2.5 mm) and type (conical) 
were held constant during the trials with 
both laser sources. 

Screening tests where first performed 
to establish the maximum cutting speed 
when focal position is set at -2/3 and 
-1/3 of thickness within the workpiece 
and on the sheet surface. This was fol-
lowed by cutting trials in which statistical 
Design of Experiment (DoE) techniques 
were employed to determine the effects 
of two main factors: cutting speed as a 
fraction of the maximum cutting speed 
(v/vmax) and relative focal position 
(f/ts), where f is measured from the plate 
top surface and ts is the sheet thickness. 

The Rofin DC035 CO2 laser for this work 
(maximum output power of 3.5 kW) was 
used in combination with a Precitec 
HP 1.5” cutting head with a 7.5” 
focusing lens. The Trumpf TruDisk 
5001 disk laser (maximum output 
power 5 kW, 1.03 μm wavelength 
and 100 μm output fibre core diam-
eter) used a high pressure HighYag 
BIMO FSC cutting head with a colli-
mating length of 100 mm and a 150 
mm focussing lens. As shown in 

Table 1, the selected optical parameters 
provided nearly the same beam from 
both lasers in terms of the focus diam-
eter and the Rayleigh length. However, 
the output M2 values for the two laser 
sources are very different and so are the 
maximum power intensities of the (near-
Gaussian) intensity profiles: 43.0 MW/
cm2  for the CO2 laser and 24.7 MW/cm2 
for the disk laser.

Energy balance in inert fusion cutting
The power distribution in the steady-
state laser beam cutting process can 
be evaluated from the general balance 
equation in the cut zone as follows: 
         PL = Pabs + Prefl + Ptrans 

This is shown in figure 1. 

Pabs is partly lost to the cutting process 
by heat conduction into the base mate-
rial and partly used for the heating up 
the kerf volume to melting and finally 
evaporating part of it [7]. 

Fusion cutting of steel with disk and CO2 lasers 

Leonardo Daniele Scintilla, Luigi Tricarico, Achim Mahrle, Andreas Wetzig, Thomas Himmer 
and Eckhard Beyer

CUTTING

Figure 1 Schematic diagram of the inert gas laser 
beam fusion cutting process. 

PL is the overall incoming laser power; Pabs the 
absorbed laser power; Prefl the power loss by 
internal and external reflection and Ptrans the power 
lost by transmission. The PMMA block shown in 
the figure was used in the experimental setup to 
measure the primary losses. 

Cutting speed, v

Molten 
material

Prefl

Ptrans

Pabs

PL

Cut front

laser 
source

cutting 
head 

M2 focal  
radius 
µm

rayleigh 
length 
mm 

Rofin  
DC 035

Precitec 
HP 1.5``

1.36 76.123 1.27

Trumpf 
Trudisk 5001

High Yag 
BIMO FSC

14.30 76.171 1.20

Table 1 Experimental values of beam propagation output 
parameters measured at 3kW after the laser beam has 
passed the cutting optics.
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The various losses from the cut zone 
can be divided into primary and second-
ary losses [8,9]. Ptrans and Prefl are referred 
to as primary losses i.e power that leave 
the cut zone at the same wavelength it 
enters. Secondary losses is power that 
leave the cut zone after thermal transfor-
mation of some kind, and thus include 
conductive, convective and radiative 
losses. 

Primary losses are difficult to estimate 
theoretically, but in this work they were 
measured experimentally by means of an 
acrylic block, as illustrated in the figure 
1, positioned to capture the laser beam 
losses, as described in [9]. Transparent 
PMMA was used in CO2 laser cutting 
trials, a material more commonly and 
widely used to visualize CO2 beam mode 
shapes. However, clear PMMA cannot be 
used to conduct the same measurements 
on the disk laser as is transparent  to 1 
μm radiation. However, black coloured 
PMMA can be used, as suggested in [11].

Screening test results
The maximum speeds measured during 
the screening tests at a three chosen 
focal positions (f/ts = 0, -1/3, -2/3) are 
illustrated in figures 2. The results con-
firm that the achievable maximum travel 
rates for disk laser cutting are higher 

than for CO2 laser cutting and that this 
difference increases as the sheet thick-
ness decreases. 

Cutting trials and discussion
The effect of relative cutting speed and 
relative focal position on the primary 
laser power losses for 1 mm thick sheet 
cutting with disk and CO2 laser is shown 
in figure 3. 

As implied by the results in figure 3, 
when cutting 1 mm thick steel sheet 
with the CO2 laser, less laser power is 
lost under the conditions of highest cut-
ting speed and when the focal position 
is set within the workpiece; the best 
result being achieved with relative focal 
position set at -2/3 within the work-
piece. When cutting 1 mm thick steel 
sheet with the disk laser, the opposite 
behaviour is observed i.e. a lower loss in 
power occurs when the focal position is 
set on the surface.

In general, the variation of primary 
energy losses with relative cutting 
speed is greater in disk laser cutting. 
Furthermore, comparing conditions of 
equal relative cutting speed, the disk 
laser has a lower primary energy losses. 
This can be explained by the higher local 
absorption of the shorter wavelength 
laser radiation and the cut front angle. 
The higher local Fresnel absorption 
for disk laser results in higher cutting 
speeds when cutting thin sheets [4].

The observed variation in primary energy 
losses with relative cutting speed in 

fusion cutting can be understood as a 
self-regulating process in terms of the 
absorbed power/speed relationship up 
to a limiting maximum speed, as report-
ed by Powell et al [12]. At low speeds 
only the leading edge of the laser beam 
irradiates the cut front, a large propor-
tion of the laser power travels straight 
through the cut zone and the laser beam 
is not fully utilized. As cutting speeds are 
increased the inclination of the cut front 
changes and more of the laser power 
irradiates the cut front and the laser 
power absorbed rises incrementally, 
reaching a maximum at the maximum 
cutting speed. Any further increases in 
speed are not accompanied by a bal-
ancing increase in absorbed power, and 
the cutting process fails. 

Figure 4 plots integrated absorptivity 
(laser power absorbed divided by total 
incident laser power as defined in [10]) 
as a function of the cutting speed for the 
laser cutting trials on 1 mm thick sheets 
using a 3 kW CO2 and disk laser. It is evi-
dent that for both lasers the primary loss 
power decreases as the cutting speed 
increases. Figure 4 also shows that over 
the narrow range of settings where both 
3 kW lasers cut at the same speed, the 
integrated absorptivity is higher for the 
CO2 laser than for the disk laser. This is 
because in the range of cutting speed 
explored, the CO2 laser operates with at 
higher values of relative cutting speed 
than the disk laser. For example when 
the relative cutting speed is 1 for the 
CO2 laser (i.e. when it is cutting at its 
maximum cutting speed of 13 m/min) the 
disk laser is only cutting at about 36% of 
its maximum cutting speed for the cor-
responding set focus position. Although 
the local absorptivity is lower at 10.6 μm 
wavelength than at 1 μm, the cut front 
inclination at maximum cutting speed 
surface intercepts more of the laser 
power (i.e. the interaction area between 
laser beam and material is greater). 

The cross sections of the kerfs in 1 mm 
thick sheets show no recast layer and the 
heat affected zone is limited. It can there-
fore be concluded that there are no fluid 

CUTTING

Figure 3: Effect of relative cutting speed and 
focal position on primary laser power losses 
for 1mm thick sheets with a 3 kW laser. (a) disk 
laser, (b) CO2 laser.

Figure 2: Variation in maximum cutting speed with 
relative focal position for CO2 and disk laser cuts. 
(a) 1 mm, (b) 5 mm, and (c) 8 mm thick sheets.

a

b

c

a

b

Figure 4: Integrated absorptivity as a function of 
cutting speed for 1 mm thick sheet.
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CUTTING

dynamics limitations to the ejection of the 
molten material and that the efficiency of 
the process is mainly determined by the 
(Fresnel) absorption process. 

Figure 5 is the same parameter plot 
as figure 4 but for cutting 5 mm thick 
sheet. Again, the integrated absorptiv-
ity is higher for the CO2 laser than for 
the disk laser over the range where both 
lasers cut at the same speed. In this 
case however, investigations of the cut 
kerf cross sections reveal for both lasers 
the presence of a recast layer, especially 
in the bottom part of the cutting edges, 
suggesting that fluid dynamic effects 
may limit the speed of ejection of molten 
material through the kerf. However, no 
recast layer is present at the maximum 
speed for CO2 laser cutting, where 
the higher amount of absorbed energy 
presumably increases process tem-
peratures, leading to a decrease in the  
viscosity of the molten material and thus 
easier ejection from the cut kerf [12]. 

Figure 6 illustrates the trends of the 
melted flow rate (solid line) and the 
ejected mass flow rate (dashed line) as 
a function of cutting speed. The ejected 
and melted mass flow rates do not coin-
cide, the difference made up by the for-
mation of a recast layer. 

In the case of inert gas cutting of 5 mm 
sheet with a disk laser, the cut kerf is 
similar in size to that for CO2 cutting but 
results indicate that the absorbed energy 
is used not so much to increase the aver-
age temperature of the melted material, 
but to melt a higher quantity of material, 
preventing full melt ejection, even at high-

er cutting speeds. This results in a lower 
quality of the cut edges, as it can be seen 
in figures 7 and 8. This behaviour is also 
found with 8 mm thick sheets.

Conclusions
Experimental results confirm that when 
cutting 1 mm thick sheets, higher 
speeds with the disk laser are obtained 
due to the local higher Fresnel absorp-
tion. With increased sheet thickness, 
the advantages of shorter wavelength 
are reduced. The process is not only 
dominated by the laser absorption but 
by fluid dynamic effects, proved by the 
presence of recast layer at the bottom of 
the cutting edge. A possible explanation 
is that the energy absorbed by CO2 laser 
is used for increase the process temper-
ature, leading to a lower viscosity of the 
melted material, whereas when cutting 
with a disk laser the absorbed energy is 
used to melt a higher amount of material 
with a lower average temperature and 
thus a higher viscosity. 
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Figure 5: Integrated absorptivity as a function of 
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Figure 6: Mass flow rate, melted and ejected, 
versus cutting speed for 5 mm thick sheet.

See Observations p 35
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Figure 7 CO2 (left) and disk laser (right) cuts. 
5 mm thick sheet cutting edges at the same 
process parameter (v=2.1 m/min  f=-1.65mm)

Figure 8 CO2 (left) and disk (right) laser cuts. 
8 mm thick sheet cross section at the same 
process parameters (v= 0.95 m/min  f=-4.5 mm)
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Currently, we witness an ever-
growing demand for technol-
ogy products that enable func-

tional integration into ever smaller 
components. The semi-conductor 
industry is spearheading this trend; 
other industries including medical 
products, automotive, energy genera-
tion are following too. The goal is to 
make parts of increasingly small size 
and greater complexity. Linked to this 
is a growing demand for components 
that can remove waste heat (such as 
heat exchangers, air diffusers, etc.); 
many of these too are complex mini-
ature parts.

Another current and future trend in man-
ufacturing is customisation. In medical 
engineering, the benefits of tailoring parts 
to a person’s anatomy are evident. Other 
reasons for a product customisation may 
be the traceability of components, the 
personalisation of consumer products or 
simply the goal to create product variants 
for specialised applications.

Customisation is especially challenging 
in the world of miniaturisation: As the 
details of the final product shrink, tools 
and moulds become more expensive 
and cooling issue can become more dif-
ficult to solve. Add geometric complexity 
on top of this and you have components 
that is virtually impossible to make by 
the tooling route. 

For many conventionally sized parts, 
additive manufacturing (AM) meanwhile 
has become a solution for manufacturing 
highly complex and customised parts. 
Stereolithography has even had micro 
capabilities for some time now.  

Laser Sintering of micro metal parts
The laser sintering technique
Direct Metal Laser Sintering (DMLS) 
is a technology to produce fully func-
tional metal parts in a single production 
step directly from CAD data. The CAD 
data are sliced into individual layers, 
containing the part’s cross-section at 
the respective height. During the laser-
sintering production process, metal 
powder in layers of uniform thickness is 
supplied over the building platform and a 
laser melts the powder across the cross-

section of the part 
and as it solidifies it 
becomes part of the 
single solid structure. 
The building platform 
is then lowered by 
one layer thickness 
and the process 
starts over again.  

This process offers 
three basic advan-
tages over conven-
tional manufacturing 
technologies such as 
casting or milling: 

1. No tooling or 
pre-programming 
is required; with 
each layer, the 
laser simply scans the part’s cross 
section. 

2. Undercuts, canals with high aspect 
ratios and complex cavities can be 
manufactured. 

3. Part complexity neither adds to pro-
duction time nor to costs per part; 
in fact, as for each single layer the 
primary driver for building time is 
the scanned cross section area, a 
complex grid structure of the same 
enclosed volume may actually be 
built faster than a simple cuboid.

Micro-scale manufacture
Since 1994, EOS has been offering 
DMLS as a technology. The standard 
EOS DMLS machines operate with a 
minimum layer thickness of 20 μm. While 
this is a sufficient layer thickness when 
producing high quality mechanical com-
ponents, it is not an adequate approach 
for the production of parts with microm-
eter scale features. In order to meet the 
later miniaturisation requirements, EOS 
have developed a dedicated Micro Laser 
Sintering (MLS) platform. 

Compared to standard metal laser 
sintering machines, the MLS process 
requires specialised laser scanning 
optics, improved mechanics and a differ-
ent way of material handling. 

The powder used in MLS is finer than 
that used for other laser sintering proc-

esses. This results in two side effects: 
metal material’s tendency toward oxidi-
sation is enhanced and individual pow-
der grains are potentially more harmful 
to people. In order to meet the former, 
the process needs to run in an inert 
gas atmosphere; to meet the latter, one 
needs to make sure that the machine 
user is not exposed to that powder. 

As a consequence of these require-
ments the MLS platform operates within 
a closed atmosphere process chamber. 
Inside, the inert atmosphere mainly 
consists of Argon, with only a few parts 
per million of oxygen and water vapour 
remaining. Material can only intrude into 
the process chamber or exhaust from 
the same via airtight locks, thus ensur-
ing that oxygen is not intruded and that 
metal powder is not exhausted. 

In addition to these safety measures, 
the MLS platform offers dedicated 
mechanics for all process-relevant mov-
ing parts. The building platform can be 
positioned with sub-micron accuracy; 
the vertical positioning precision of the 
recoater blade that sets down a new 
uniform layer of metal powder over the 
building platform, is -0.0 / +0.5 μm along 
its track over the building platform. The 
high positioning accuracy of the whole 
system is secured by capacitive distance 
sensors which allow re-calibration if 
required. 

The optical layout is capable of deliver-

Building micro mechanical parts by laser sintering

Hannes Horst, Michael Blau, Anne Lenhart, Mario Schneck, Thomas Starke and Joachim Göbner

ADDITIVE MANUFACTURING

Figure 1: Free-form grid structures built by micro laser sintering. The grid 
walls have a thickness of 100 µm, the cells are 550 µm wide and up to 13 mm 
high.
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ing a beam with a lateral focus diameter 
of less than 15 μm. Depending on the 
installed laser and the optical setup, 
actual focus diameters are set to values 
between approximately 15 and 35 μm.

Features and performance of MLS
The MLS machine is only designed for 
building micro parts. The minimum fea-
ture size that can be achieved is of order 
50 μm. Vertical walls can be built down 
to 60 μm thickness. Geometric toleranc-
es are at +/- 10 μm for 5 mm distance. 
In the vertical direction, the resolution is 
determined by the layer thickness which 
can be varied between 1 μm and 5 μm.

The high detail resolution comes at 
the cost of building space, which is 
much smaller than in standard DMLS 
machines. The building platform is circu-
lar with a diameter of 57 mm. The maxi-
mum building height is 30 mm. 

Constant development and improvement 
of the process has led to very good part 
properties. With porosities below 1%, 
EOS has achieved nearly full density in 
micro steel parts. 

The pictures shown 
here demonstrate 
the capability of the 
MLS process to pro-
duce very different 
geometries. All were 
built in stainless steel 
316L and with a layer 
thickness of 4 μm. 

The grid structures 
displayed in figure 1 
feature a free-form 
top surface as well 
as two different cell 
structures, rectangu-
lar and hexagonal. 
This demonstrates 
the freedom of 
design that can be 
achieved with MLS. 
Both the grid enve-

lope and the cells can be designed as 
free-form shapes. The grid walls have 
a thickness of 100 μm, the cells are 
550 μm wide and up to 13 mm high (i.e. 
aspect ratio 24). 

In figure 2 the part in the foreground 
features a grid of curved canals – each 
of them have a diameter of 150 μm 
and a vertical extension of 4.5 mm (i.e. 
aspect ratio 30). The part also shows 
that canals and cavities with intricate 
geometries can be built. 

Finally, figure 3 shows two multi-wheel 
micro gears. Here, the smallest cogs are 
140 μm long and 55 μm wide at the tip. 
They are separated by 60 μm wide gaps. 
These are among the smallest functional 
details EOS has built so far. The multi-
gearwheel design, again, demonstrates 
the freedom of design gained from MLS. 

Current status of MLS
EOS’ MLS technology is aimed at 
manufacturing. In order to achieve this, 
it requires a holistic approach. From 
mechanical design to post-processing 
treatments and quality assurance, all 

steps of that process 
chain have to interact 
with each other, ena-
bling a smooth manu-
facturing process. To 
achieve this, and in 
order to assure mutu-
al benefits, application 
development projects 
require a close col-
laboration between 
EOS and its applica-
tion customers. EOS 
needs to understand 
the true requirements 
of the application; and 

the customer needs to get a good under-
standing of the specific freedom and 
confinements of the MLS process. 

The current MLS platform serves as a 
technology demonstrator and develop-
ment and test bed. A pre-series machine 
is already being made available to select-
ed customers. The first units are sched-
uled to be shipped in summer of 2011.

So far, two materials have been tested 
successfully on the MLS platform: 
Molybdenum and 316L, a biocompat-
ible stainless steel which is widely used 
in medical engineering. In principle, all 
metals can be used with MLS. At the 
end of the day, it is mainly a question 
of customer request which material will 
have priority in process development. 

Conclusions
Micro Laser Sintering is a technology for 
manufacturing, not merely prototyping. 
MLS, for the first time, offers the ben-
efits of additive manufacturing for micro 
metal parts. The process can generate 
highly complex parts with a minimum 
feature size of the order of 50 μm. 
Tolerances are at  +/-10 μm on 5 mm 
part diameter. 

With its capabilities, MLS is highly suited 
to meet the trends of miniaturisation 
(parts are becoming smaller), functional 
integration (parts are becoming more 
complex) and customisation (batch sizes 
are becoming smaller). In addition, it 
offers the freedom of design unique to 
additive manufacturing. Finally, complex-
ity does not add to manufacturing time 
nor costs. 

Additive Manufacturing (AM) processes 
will become a key technology for indus-
trial manufacturing. In order to generate 
complex customised parts, it is the best 
suited class of processes. MLS, in turn, 
is the AM process for producing highly 
detailed micro metal parts. Thus, it per-
fectly fits into the manufacturing world of 
tomorrow. 

The authors are with EOS GmbH, Annaberger 
Strasse 240, Chemnitz 09125, Germany
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Figure 2: A demonstration micro part featuring very thin canals. The part was 
built by micro laser sintering and subsequently plasma-polished to enhance 
surface-finish.

Figure 3: Two multi-wheel micro gears designed by Morris Technologies Inc. 
and built by micro laser sintering. the smallest cogs are 140 µm long and 55 
µm wide at the tip. 
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Applications of micro-systems 
and lab-on-a-chip devices have 
enjoyed an ever increasing 

growth over the last decade. Typically 
they incorporate Micro-Electro-
Mechanical Systems (MEMS) in the 
form of sensors, actuators and deci-
sion making devices, which often con-
tain fragile and/or free moving parts. 
These highly delicate structures need 
to be protected from the environment 
they operate in – in some cases even 
moisture or dust ingress result in fail-
ure – whilst still allowing for certain 
stimuli to interact with the device in 
sensing applications. 

The issue of packaging is a particular 
challenge for the commercialisation of 
MEMS. Hermetic bonding techniques 
that involve heating the whole device 
to high temperatures, in some cases 
combined with strong electric fields, 
prevent the use of temperature sensitive 
materials within the package; and whilst 
other heating methods (e.g. resistive, 
microwave, induction) can achieve local-
ised bonding without heating the whole 
device but not without restrictions both 
in the use of certain materials within the 
package and in the device geometry. 

The laser-based approach described 
here combines the merits of localised 
laser heating and intermediate layer 
bonding, offering a very versatile bond-
ing method. The particular application 
chosen for illustration is wafer-level 
packaging, where many individual devic-
es are packaged on a single silicon chip 
before dicing. In previous work [1] we 
describe successful bonding of silicon to 
glass – materials typically used in MEMS 
packaging – using localised laser heat-
ing and an intermediate bonding layer 
of benzocyclobutene (BCB), a thermo-
setting polymer that benefits from low 
out-gassing during the curing process; 
relatively low bonding temperatures; and 
bio-compatibility, essential in bio-medi-
cal applications. 

The key question when packaging at a 
wafer-scale using localised laser heating 
is how to apply the force required dur-
ing bonding, individually to every single 

sample on the wafer. In mask-less 
laser joining using a scanning 
beam the samples are illuminated 
successively in contrast to bond-
ing on a hot-plate where all sam-
ples are heated in parallel. Our 
experience in bonding single sam-
ples of this type of package has 
shown us that for reliable seals 
full physical contact of the bond 
interfaces must be achieved over 
the entire joining area and that the 
force must be applied uniformly 
over the whole device: the main 
concern in scaling this process up 
to a wafer-level is to achieve this 
for every single sample. 

The term 'wafer-level packaging' 
describes bonding processes where the 
entire wafer is covered with structures 
to be bonded; up to 100 on a 3"-wafer. 
However, for proof of concept more sim-
plified patterns with fewer samples, as 
shown in figure 1, were attempted. 

We have previously described initial 
results for wafer-level bonding of a basic 
pattern of 5 individual samples on a 
single silicon chip, as shown in figure 
1(left), see [2]. In this work we report the 
packaging of a more complex pattern of 
9 samples, as shown in figure 1(right), 
where the gaps in the previous pattern 
have been closed and the device in the 
centre is surrounded by the maximum 
number of neighbours. In this regard, 
the pattern simulates the most densely 
packed 2D pattern possible. The rings 
are each 6.8 mm outer diameter and 
the trials were conducted with samples 
separations of 7 mm and 12.2 mm, the 
former being the smallest possible sepa-
ration without the rings touching each 
other. 

Laser joining set-up and process
The laser used was an infrared (940 nm) 
Laserline diode laser with a maximum 
optical output power of 200 W. The 
beam was coupled through a optical fibre 
into a galvanometer scan head with f-the-
ta lens, producing a focused beam with a 
spot size of diameter ~200 μm and able 
to move at 1000 mm/s along the sample. 

A schematic and photograph of the 
laser bonding arrangement are shown 
in figure 2. A silicon substrate is placed 
onto a water-cooled copper platform. 
Successful bonding requires that heat 
sinking be applied to the centre of the 
device rather than the entire area [1]; a 
compromise in view of the limited power 
of the laser, that kept the sample cool 
whilst allowing the bonding tempera-
ture to be reached at the periphery. The 
design of the copper heat sink is shown 
in figure 3; the arrangement of the boss-
es matching that of the BCB ring centres. 

In opposing positions, pressing down on 
the cover glass over the centres of the 

PACKAGING

Low temperature wafer-level packaging of MEMS using 
selective laser bonding

Norbert Lorenz, Martin Smith and Duncan Hand

Figure 2: 
Bonding setup

Figure 1: Sketches of BCB ring patterns used to 
join silicon to glass, each ring of BCB will provide 
the seal for an individual device

Laser beam

Cover glass

Silicon chip

Glass 
sphere

Copper boss

BCB
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BCB rings are glass spheres attached to 
a glass wafer (see figures 2 and 4). On 
applying the pressure the cover glass 
(thickness 200 μm) flexes slightly where 
it is in contact with the spheres. Although 
the glass partly relaxes again once the 
BCB layer softens during the laser bond-
ing process, the pressure on the remain-
der uncured BCB rings is not altered sig-
nificantly and is distributed equally over 
the entire bonding area (BCB ring). 

A laser transmission bonding process 
provides the seal i.e. the cover glass and 
the BCB polymer layer are transparent to 
the laser radiation at 940 nm, which is 
absorbed strongly (69%) at the surface 
of the silicon substrate. The remaining 
31% of the power is mostly accounted 
for by reflection losses. The laser beam 
is slightly defocused to match the track 
width (400 μm) of the BCB ring and 
is scanned at a speed of 1000 mm/s 
along the BCB track to heat the entire 
ring quasi-simultaneously. The nine indi-
vidual rings/samples are joined one after 
another in sequence. The laser power 
and exposure duration varied a little 
according to the spacing and layout of 
the BCB rings and was typically in the 
range 30 - 40 W for 90s.

The BCB bonding mechanism is a heat-
initiated curing process; a full cure is 
a precondition for strong and reliable 
seals. The uncured BCB film exhibits 
a yellow-green colour which vanishes 
when it becomes cured. The degree of 
cure of the BCB intermediate layer after 
the bonding process was assessed visu-
ally under a microscope. 

A total bonding force of maximum 25 N 
was applied to the pattern of 9 during 
bonding; a force greater than 30 N could 
crack the cover glass. Unfortunately, the 
variation in diameter (±100 μm) and shape 
of the standard glass micro-spheres 
caused a variation of applied pressure 

to the individual point loadings and as 
a result the success rate of the bonding 
process was not 100%. Micro-precision 
glass spheres are available and their use 
is expected to greatly improve the results. 

In general seven to eight of the nine BCB 
rings were bonded successfully and 
some structures remained unbonded due 
to a lack of contact of the bond interfac-
es. In some cases all nine samples were 
bonded successfully (see figure 5). To 
achieve this, all samples BCB rings were 
first scanned successively, then the force 
acting onto the chip was released and 
reapplied again thereby shifting the chip 
slightly, and finally the samples which 
were not joined previously were bonded 
again with the laser. The use of precision 
micro-spheres should ensure an even 
application of the bonding force on all 
samples and thereby obviate the need 
for multiple steps.  

In reference [2] we report on successful 
wafer-level bonding using a simplified 
pattern of 5 samples on the same chip. 
Meanwhile these structures have been 
subsequently diced successfully (figure 
6); most rings remained bonded despite 
the mechanical forces acting on them 
by the dicing saw. Initial shear force 
testing results, to test the mechanical 
stability of the seal, indicate that similar 
shear forces in the range of 245 N can 
be achieved with samples, which have 
been packaged on a wafer-level, as with 
single chip packaging given a full cure of 
the bonded structures.

Additional experiments will use micro-
precision glass spheres to address the 
issues presented above and will be 
accompanied by various tests including 
further shear force testing and hermeticity 
testing using a through-hole testing meth-
od [3] to assess the quality of the seals in 
comparison to single chip packaging.

Conclusion
A wafer-level packaging method for join-
ing of glass to silicon (a typical MEMS 
fabrication) has been developed with 
a BCB intermediate layer in a laser-
based joining process where the heat 
flow to the sensitive device area in the 
centre is restricted by active cooling. 

Successful bonding of nine devices on 
the same chip using BCB rings of diam-
eter 6.8 mm with a spacing of only 7 mm 
between the centres of the individual 
devices was demonstrated proofing the 
feasibility of wafer-level packing in laser-
based processes. 
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WELDING

The joining of dissimilar metals 
by laser welding is increasingly 
important in industry and its 

success depends on many factors 
including physical properties that 
influence the energy coupling and 
heat transfer [1]. 

Table 1 illustrates the weldability of metal 
pairs. In welding dissimilar metals, good 
solid solubility is essential for sound weld 
properties. This is achieved only with 
metals having compatible melting tem-
perature ranges. If the melting tempera-
ture of one material is near the vaporisa-
tion temperature of the other, poor weld-
ability is obtained and often involves the 
formation of brittle intermetallics. Where 
this occurs there may still be advantages 
in using laser welding: since the weld 
itself is narrow, the volume of intermetal-
lics may also be reduced to acceptable 
limits; and it may be possible, by offset-
ting the beam to one side or other of the 
boundary of the two metals, to control 
the composition of the resulting alloy. 

Although it may be possible to produce 
a sound joint on a laboratory scale it 
is more difficult to achieve acceptable 
results under production conditions. One 
aspect of this is the degree of mixing 
of the moulten metal in the laser weld 
of two dissimilar materials; the fusion 
region can includes regions of inhomo-
geneity that can give rise to brittle zones. 
Also, minor variations in the beam posi-
tion can significantly influence the rela-
tive proportions of the two metals in the 
weld zone.

To date, most joining of dissimilar metals 
has been carried out with a pulsed lamp 
Nd: YAG lasers [2-3]. Lamp-pumped 
lasers are capable of producing long, 
multi-ms, pulses with peak powers many 
times the rated average power of the 
laser, provided that the duty cycle is 
sufficiently low. This ability stems from 
the flash-lamp itself which is often more 
constrained by the maximum aver-
age thermal load than the peak power 
output. High peak powers pulsed lamp 
pumped Nd: YAG lasers coupled with 
pulse shaping makes these laser ideal for 
welding dissimilar materials. The shaping 
of pulses is of great importance since 
the temperature has to be controlled in 

the region where the two molten phases 
are mixed; so too does the weld depth. 
Figure 1 shows and example of dissimilar 
material weld made with lamp pumped 
Nd: YAG laser. This weld was made with 
a ramp down pulse of ~3 ms duration. 

Fibre laser welding source
Compared to conventional lamp-
pumped Nd: YAG laser, fibre laser offers 
a number of advantages for welding 
dissimilar materials. Their big advantage 
is beam quality, the small diameter of 
the focused beam giving fibre lasers a 
number of key advantages for welding: 

• High power density at the workpiece

• Reduced heat input

• Reduced heat- affected zone

• Reduced cycle time

• The volume of intermetallics may be 
reduced to acceptable limits.

Fibre laser welding can be either car-
ried with a single mode fibre laser with 
average power exceeding 2 kW or with 
multi- mode fibre lasers with laser pow-
ers excess of 17 kW. Multi- mode fibre 
lasers normally comprise the output of 
several single mode fibre lasers coupled 

into a single fibre, the core size of which 
is still small enough to generate very 
high power density at the workpiece. 
From an applications perspective, single 
and multi mode fibre lasers each have 
advantages and disadvantages in the  
welding dissimilar materials. This paper 
highlights welding results achieved with 
a 1kW multi- mode fibre laser in a range 
of dissimilar material combinations. 

Assessment of 1 kW fibre laser welds
The sheet welds shown below were 
produced with a JK1000FL multi- mode 
1 kW fibre laser, with optics providing a 
spot size of 150 μm at the workpiece, 
which was provided with top-side argon 
shielding. Each of the three represents 
a key industrial metal combination. Key 
thermophysical properties  are shown 
in Table 2; although values refer to pure 
metals and some properties are tempera-
ture dependent, the data is useful when 
assessing weldability and welding strat-
egy. In all caaes, parameters and welding 
speeds were adjusted to produce welds 
with consistent top and under-beads with 
minimal spatter and undercut.  

Titanium to Aluminium alloy
The industrial demand for titanium to 
aluminium alloy welding has grown, 
especially in the transport vehicle indus-
try. However, it is well known that fusion 
welding of titanium to aluminium alloy is 
made difficult by the generation of brittle 
intermetallics at the joint interface. 

Figure 2 (top) shows a photomacrograph 
of the weld, revealing a very wide top 
but only a small shallow penetration into 
the aluminium sheet. Figure 2 (bottom) 
shows the weld where the two sheets 

Welding dissimilar metals with a 1 kW CW fibre laser

Mohammed Naeem, Richard Jessett and Kevin Withers

Al Ag Au Cu Pt Ni Fe Ti W

Al C X C X X X X X

Ag C S C S C D C D

Au X S S S S C X N

Cu C C S S S C X D

Pt X S S S S X X

Ni X C S S S C X X

Fe X D C C S C X X

Ti X C X X X X X X

W X D N D X X X X

Table 1: Fusion welding of metal pairs

Columns are: Al: aluminium; Ag: silver; Au: gold; 
Cu: copper; Pt: platinum; Ni: nickel; Fe: iron;  
Ti: titanium; W: tungsten

Key: 

C: complex structures may exist

X: intermetallics compounds formed; 
undesirable combination

S: solid solubility exists in all alloy combination

D: insufficient data for proper evaluation

N: no data available

Figure 1: Examples of dissimilar metal joints 
made with pulsed lamp pumped Nd: YAG laser 
[2] (left) Butt joint, 304 SS and Nitinol for medical 
applications; (right) Butt joint:  SS and bronze for 
spring inside a watch
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are jointed. At the root of the weld there 
was a 150 μm wide zone where alumin-
ium had melted but not mixed with the 
remainder of the weld pool. At the inter-
face between the mixed molten metals 
lots of swirls of variable mixing can be 
seen. An EDX (Energy Dispersive X-ray) 
analysis confirmed this: samples on the 
Ti side of the boundary were consistent 
with the formation of Ti--6Al-4V alloy but 
samples on the Al were consistent with 
a 3000 (Al-Mn) series Al alloy.

304 Stainless steel to Copper 
In the field of power generation and 
transmission, cryogenics, electrical and 
electronics, copper–steel combinations 
are often used due to their high electri-
cal conductivity and stiffness. The high 
thermal conductivity of copper tends 
to rapidly dissipate heat away from the 
weld leading to difficulties in reaching 
the melting temperature, but the major 
problem is hot cracking in the heat-
affected zone of steel due to copper 
melting and penetrating into the grain 
boundaries of solid steel. 

Figure 3a shows a fully penetrated weld 
of stainless steel to copper. The bottom 
part of the weld had an inhomogeneous 
structure but the top part was relatively 
uniform. An EDX analysis confirmed that 
the copper sheet was pure Cu and the 
composition of the 304 stainless steel 
sheet were also confirmed. At higher 
magnification, Figure 3b shows solidifi-
cation cracking in the centre of the weld 
surrounded by many steel-rich spherical 
particles in a copper rich matrix. Figure 
3c shows a number of near-surface 
flaws in the top bead and figure 3d 
shows some very fine pores in other 

areas of the lower part of the weld.

Aluminium alloy to Copper
Joints between aluminium and copper 
are often required in electronic and auto-
motive market sectors. The battery for 
hybrid car is mainly constructed from a 
combination of aluminium alloys (3003 
series, AL-Mn alloy) and pure copper. 
Joining these materials pose particular 
challenges. The hybrid car battery has to 
operate safely and reliably for the whole 
of the life cycle, at least ten years.

Figure 4 show the weld, revealing a low 
penetration into Cu and cracking in the 
lower part of the weld. The cracks were 
brittle and stop at the interface between 
the weld and the Cu parent metal. The 
EDX analysis suggested that a number 
of Cu-Al phases were present. There 
were no cracks observed in the upper 
part of the weld, where dilution of the Al 
by Cu was low.

Summary
The welding of dissimilar materials has 
highlighted differences in the behav-
iour of laser compared to arc and other 
fusion welding processes. Mixing in the 
weld pools was found to be relatively 
poor and there were usually two distinct 
regions, where the pool was surrounded 
by each sheet. In welds between metals 
with large differences in melting point 
(e.g. Ti and Al) there was a region where 
melting had occurred within the sheet of 
the lower melting point metal, but with-
out mixing with the main weld pool. 

Few problems would be anticipated 
with joints between dissimilar copper 
alloys and this, generally, proved to be 
the case. In addition, although austenitic 
stainless steel and copper alloys were 
characterised by a mixture of copper 
and iron-rich phases, these welds were 
mostly sound. However, the joints with 
the aluminium alloy sheets contained sig-
nificant cracking. 

Both welds to copper and to stainless 
steel-plated copper contained at least 
some regions where brittle intermetallic 
phases were present and cracks were 
observed in these regions. Even the 
titanium to aluminium weld, which was 
sound in the aluminium-rich region, con-
tained a some small microcracks in the 
small root area, where high dilution with 
titanium had created brittle intermetallic 
phases.

References
1. Klages, K; Ruettimann, C.; and Olowinsky, 

A.M: Laser Beam Micro Welding of Dissimilar 
Metals; Proc of ICALEO 2003, Laser Institute of 
America, Jacksonville

2. Naeem, M; “Microjoining of Dissimilar Metals 
with Pulsed Nd: YAG Laser, Conference 
Proceeding; PICALEO 2006, Melbourne, 
Australia, March, 2006

3. Naeem, M; “Microwelding performance com-
parison between a low power (125W) pulsed 
Nd: YAG laser and a low power (100-200W) 
single mode fibre laser; Conference Proceeding 
PICALEO 2008, Beijing, China; April 2008

The authors are with JK Lasers, GSI Group 
Ltd, Cosford Lane, Swift Valley, Rugby CV21 
1QN

Corresponding author: Mo Naeem 
E: mnaeem@gsig.com

Mo Naeem joined 
is Materials Process 
Development Group Leader. 
He has supported industrial 
lasers with GSI Group for 
18 years has published over 
150 papers on laser mate-
rial processing. 

See Observations p 35

Metals Coefficient 
of thermal 
expansion 
(0-100C) 
x10-6 K-1

Latent 
heat 
fusion  
Jg-1

Specific 
heat  
(@ 25 C)  
JK-1 kg-1

Thermal 
conduc-
tivity  
(0-100C) 
Wm-1 K-1

Melting 
point  
°C

Boiling 
point  
°C

Density  
gcm-3

Aluminium 23.5 388 900 237 660 2467 2.7

Copper 17.0 205 388 401 1083 2870 8.96

Iron 12.1 272 444 81 1535 2750 2.87

Titanium 8.9 365 523 21.9 1660 3287 4.5

Table 2:  Thermophysical properties of some metals
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Figure 2: (top) 
Photomacrograph of the 
plate weld between Ti alloy 
(upper plate) and Al alloy.

(bottom) magnified root of 
the weld. In both cases the 
specimen was etched with 
Kellers’ reagent.

Figure 4: (top) 
Photomacrograph of the 
weld between Al alloy and 
Cu; (bottom) The root of 
the weld

Figure 3: (a) Macrograph 
of a 304 stainless steel 
to Cu weld and, below, 
micrographs of: (b) 
solidification cracking in 
the centre of the weld; (c) 
flaws near the cap of the 
weld; (d) micropores near 
the interface of the weld 
and the Cu sheet
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Small scale biological analysis 
or chemical micro-reactors are 
being developed for sample 

processing with smaller samples or at 
lower cost. Typically these have been 
made of glass with small fluid chan-
nels (~100 µm wide), and sealed with 
adhesives. In many applications there 
is a drive to mass produce the units 
and hence a need for lower cost mate-
rials and manufacturing procedures. 
The use of plastics and mass produc-
tion techniques for joining them with 
precision, reproducibility and speed 
are being widely considered. Laser 
welding is well suited to meet these 
challenges and different processing 
options have been suggested, includ-
ing using line beam as a curtain of 
energy over a whole chip, with or with-
out a mask, or scanning a small spot 
source around individual channels. 
The aim is to provide rapid manufac-
ture with high quality and reliability of 
sealing and in particular without dam-
age to the channels in the units as a 
result of the welding process.

Background
Micro-welding of plastics is of particular 
practical importance in the medical and 
electronic devices sector, where devices 
are manufactured to smaller scale and 
increased complexity. Advances in 
micro-injection moulding, lithography 
and micro-machining makes it possible 
to manufacture polymer components 
with features a few microns in size, 
where joints (hermetic seals) with widths 
of order 100 μm are often needed 
between channels. Adhesives have the 
advantage of not requiring additional 
heating, but application and curing 
times can be significant and there can 
be issues with disruption and blockage 
of the channels [1]. To be applied effec-
tively, a welding method needs to be fast 
and have a minimum heat-affected zone 
to reduce distortion and avoid affecting 
thermally sensitive coatings or compo-
nents in medical or electronic devices.

Ultrasonic welding has been shown to 
be effective for sealing covers on micro-
fluidic devices [2] but transmission laser 
welding can weld devices with much 
smaller features [3]. 

Transmission laser 
welding is carried 
out by placing an 
absorber for the laser 
at the joint interface. 
This may be in the 
resin of the lower 
material or applied 
as a coating. In this 
work a Clearweld®, 
an almost colourless 
ink which absorbs 
infrared and dissi-
pates it as heat to the 
surrounding plastics 
absorber coating, 
has been used. 

There are two main approaches to trans-
mission laser welding:

1. Use of a line (diode) laser source 
in a single scan in one direction to 
complete a wide area weld in one 
pass. Applied to the assembly of 
a microfluidic device an accuracy 
in weld seam positioning of order 
5-10 μm has been claimed.[4]

2. Use a spot laser source, scanned 
around the features to be welded in 
two dimensions. Low power diode 
laser sources with or without mask-
ing have also been reported giving 
welding seams as narrow as 10 μm 
in welds in polyethylene terephtha-
late glycol (PETG) [5]. 

Overcoming channel disruption
Channel disruption by flow of melt mate-
rial is caused by a combination of pres-
sure and a volume of melt material that 
is significant compared to the size of 
the features being welded. Approaches 
taken to date to minimise or over-come 
the problem include: the use of mask-
ing the channels whilst using a line 
source, and beam positioning using a 
spot source to melt slightly away from 
the channel walls. In each case there 
is the need to accurately control the 
positioning of the mask or the beam. 
This requires complex fixturing or pro-
gramming that needs to be altered if the 
design of the device is changed.

An alternative approach is to reduce 
the volume or depth of melting such 
that the melt line is thin enough not to 
disrupt the channels. A weld in plastics 

is completed when there has been suffi-
cient diffusion of polymer chains across 
the joint interface to reach an equi-
librium state. At high temperature the 
equilibrium state is reached very quickly, 
and laser welding can provide very good 
control over the energy applied through 
use of electronic control of the laser 
source and use of a very thin layer of 
absorbing material at the joint. Welds 
in thin film polyethylene have been 
demonstrated at over 500m/min [6]. In 
theory, if the laser power and welding 
speed is increased the melt depth will 
be reduced, but there are risks associ-
ated with such an approach, since the 
processing window will be narrowed. 
Potentially it would be possible, howev-
er, to weld a microfluidic device without 
resorting to masking or scanning around 
the channels individually, thus reducing 
the overall complexity of the procedure. 
This approach is studied in this work 
through the use of a laser line gener-
ated by a quasi continuous wave (QCW) 
diode laser source.

Effect of laser parameters on melt depth
An analytical heat conduction model 
was developed in earlier work [7, 8] to 
predict the process capabilities and weld 
characteristics for transmission laser 
welding. For this work it has been used 
to predict the melt depths for a range of 
applied laser power densities and beam 
residence times (∆T) in the microfluidic 
sample material (polycarbonate) with 
absorber material (Clearweld) coating the 
joint interface. 

Welding methods for polymer micro-fluidic devices

Ian Jones and Valentin Loyo-Maldonado

Figure 1. Model showing line of 500°C interface temperature and the melt 
depth expected for different beam residence times (∆ T) and power densities

WELDING
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The melt depth is defined as a region 
from the weld centre where its tempera-
ture exceeds the melting temperature of 
the polymer (defined as 160ºC for the 
purposes of this model). Figure 1 shows 
a 500ºC line, chosen as the degradation 
temperature; the weld centreline has the 
highest temperature in this configuration 
and should not exceed this value. The 
figure shows the melt depth expected for 
different beam residence times and beam 
power densities at various points on the 
line. At a power density of 30 W/mm2 
and a ∆T of 120 msec the melt depth 
is predicted to be 112 μm; such a melt 
depth would be expected to destroy a 
typical microfluidic channel. However, at a 
power density of 2100 W/mm2 and a ∆T 
of 0.02 msec the melt depth is predicted 
to be 2 μm, which would not significantly 
affect a microfluidic channel. It is clear 
however, that the surface quality and 
fit-up tolerance at the joint become very 
small under such processing conditions.

Results 
Micro-fluidic plate samples in polycar-
bonate (prepared by Dolomite Ltd, of 
Royston, UK) contained channels typi-
cally 100 μm wide and 50 μm deep. 
Some had wider channels of the same 
depth. The samples were to be sealed 
using a flat top plate of polycarbonate. 
Both plates were 1.2 mm thick.

A Clearweld absorber was applied to the 
flat plate using an ultrasonic spray unit 
from Sonotek. The absorber coatings 
were deposited at a density that pro-
vided approximately 30% laser energy 
absorption at the joint interface.

Laser welding using a CW line source
A 940 nm wavelength CW diode laser 
source from Leister, focused to a line 
with a size of 50 x 0.2 mm was used. 
The samples were clamped and tra-
versed under the laser, perpendicular 
to the line length, to complete a welded 
sample in one pass. 

The results of the welding trials are sum-
marised in Table 1 and figure 2. They 
indicate that a small variation in welding 
conditions can make a large difference 
to the result seen on the sample. There 

was also some variation over the same 
sample. An applied power of 280 W led 
to a lack of fusion in many locations, 
whereas increasing the power to 300 W 
led to distortion of the channels caused 
by melting.

Other researchers have reported that 
masking of the channels is an effec-
tive method of avoiding this problem of 
sensitivity to small process variations 
[4]. If this provides a solution then the 
processing conditions used here would 
provide completion of a 50x25 mm chip 
in approximately 2.5 sec.

Laser welding using a spot source
A 20 W 1090 nm wavelength fibre 
laser from IPG was used, delivered to 
the workpiece and manipulated using 
a 2-axis scanning system and focused 
to a 100 μm diameter spot through a 
254 mm focal length optic. Welding was 
carried out with the beam manipulated 
down both sides of the channels in the 
micro-fluidic device.

The results of the welding trials are sum-
marised in Table 2 and figure 3. The weld 
depth increased with power density at a 
constant beam residence time, until the 
onset of polymer degradation, indicated 
by black marks on the sample, initially 
around the channels. When welds were 
made down both sides of the channels, 
there was no distortion of the channel. 
In this work the welds were placed 100-
200 μm from the edge of the channel. In 
the interests of allowing a high channel 
density it would evidently be possible to 
reduce the spacing between the channel 
and the welds without risking distortion. 

If the process conditions identified here 
were applied to a 50x25 mm chip with 
say 400 mm of channels on the chip, 
then the chip would be completed in 
approximately 11 sec. This might be 
reduced using a higher power system, or 
a smaller laser spot size.

Laser welding using a QCW line source
A 808 nm wavelength prototype direct 
diode QCW line focus laser system 
from Intense was used. The source 
produced a line focus with dimensions 
3 x 0.1 mm, and delivered enhanced 
power pulses, with a pulse power up to 
1700 W, pulse length from 3 to 400 μm 
and a pulse frequency up to 100 Hz. 

A pulse frequency of 60 Hz was set, 
such that traverse speeds up to 5 mm/s 
would result in complete coverage of 
the substrate when the sample was tra-
versed perpendicular to the long length 
of the beam. 

The results of the trials with a QCW 
laser source focused to a line are given 
in Table 3 and Figure 5 overleaf. Welds 
could be made at a range of pulse 
lengths from 150-400 μs. The use of 
shorter pulses led to a need for higher 
pulse power to make a weld. The longer 
pulses typically provided higher melt 
depths, but there was significant overlap 
with the melt depths seen with shorter 
pulses.

It was possible to weld directly over 
channels without distorting them signifi-

Figure 2. Sections from welds made using a 
continuous line source at 280 W, showing areas 
with lack of fusion and areas with melt flowing 
into the corners of the channels

Figure 3. Sections from welds made using a 
continuous spot source at 3.5 W, showing a well 
defined melt zone and welds positioned down 
both sides of a channel, with no distortion of the 
channel

Table 1. Weld samples made using a continuous 
line source.

Table 2. Weld samples made using a spot source.

Power 
W

Speed 
mm/s

Power 
density 
W/mm2

∆T 
x10-3 s

Result

280 10 56 10 1

300 10 60 10 2

Power 
W

Speed 
mm/s

Power 
density 
W/mm2

∆T 
x10-3 s

Result

1.9 70 61 1.43 1

3.5 70 111 1.43 2

6.1 70 194 1.43 3

(1) Some areas with lack of fusion 
(2) Some areas with distortion of channels

(1) Weld with melt depth of 0.020 mm 
(2) Weld with melt depth of 0.030 mm 
(3)Degradation of polymer

250 μm

250 μm

250 μm

50 μm
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cantly, using a short pulse length and 
process conditions that ensured the melt 
depth was less than the depth of the 
channels. Figure 5 (b) and (c) indicates 
this effect.

The process was shown to be relatively 
sensitive to small variations in the proc-
ess conditions. There was some evi-
dence that as little as 20% variation in 
pulse power could lead to a change from 
lack of fusion to overheating. The proc-
ess conditions used were relatively slow 
compared to the other procedures. A 
50x25 mm chip would take 500 secs to 
complete. This would be reduced using 
a higher pulse frequency from the laser 
and a wider beam.

Discussion
Other workers have shown that 
masking in combination with a line 
source provides a solution [4]. The 
mask needs to be made very pre-
cisely with appropriate overlap at the 
edges of areas to be protected. The 
mask must then be accurately posi-
tioned over the item to be welded. A 
wide, high power line source provides 
rapid completion of the parts being 
welded. A variation on this method 
can also be considered when the 
Clearweld® laser welding process 
is used with a coating of absorber 
placed at the joint on one of the 
parts to be welded. This process was 
used in this work, with the coating 
covering the whole surface of the top 
cover sheet. Alternatively it is pos-
sible to print or otherwise position 
the absorber coating so as to avoid 
the channels. This procedure is yet to 
be tested, but would lead to minimal 
heating of the channels and remove 
the need for masking at the laser 
processing stage.

A method of using a focused spot 
source was demonstrated in this work. 
Satisfactory welds can be made by ma-
nipulating the beam with 2-axis scanning 
optics around the complex parts to be 
welded without the need for a mask. 
Some effort/cost must be expended 
to program the scanning but otherwise 
the capital cost of the system can be 
relatively low whilst maintaining a rapid 
completion rate for the parts, particu-
larly if there is only a moderate density 
of channels on the chip. As the laser is 
brought closer to the channels to seal up 
to the channel edges, or because of high 
channel densities, channel distortion 
become more of a problem again.

This work also shows that using a 
QCW direct diode system to control the 
heating and melt flow around complex 
fea-tures is feasible. Channels were left 
undistorted without the need for a mask 
but at only 100 Hz pulse frequency the 
completion time for a typical small chip 
would be too long.

Conclusions
Alternative methods of welding thermo-
plastic parts with small complex features 
(of order 100 μm) using transmission 
laser welding have been tested, with 
the aim of limiting the melt distortion 
produced at the joint. A continuous 
line focus laser source used without a 
mask did not give satisfactory results. 
There was no process window identified 
between lack of fusion and over-welding 

causing distortion of the channels. Use 
of a continuous spot focus laser source, 
scanned around the features, was suc-
cessful in providing small welds with no 
distortion of the features. With a QCW 
line focus laser source welds were pro-
duced without distorting small features 
in the parts, and without use of a mask.
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Table 3. Weld samples made using a short pulse line source

Power 
W

Pulse 
length 
μs

Speed 
mm/s

Peak  
 W/
mm2

∆T 
x10-3 s

Result

375 400 2 1250 0.4 1

450 400 2 1500 0.4 2

600 300 2 2000 0.3 3

750 200 2 2500 0.2 4

600 200 2 2000 0.2 5

600 200 1 2000 0.2 6

900 150 1 3000 0.15 7

750 150 1 2500 0.15 8

675 150 1 2250 0.15 9

(1) Weld with melt depth of 0.070mm
(2) Slight degradation and melt depth of 0.108mm
(3) Weld with melt depth of 0.056mm
(4) Degradation of polymer
(5) Some areas with lack of fusion
(6) Weld with melt depth of 0.036mm
(7) Weld with melt depth of 0.090mm
(8) Weld with melt depth of 0.051mm
(9) Weld with melt depth of 0.012-0.033mm

Figure 4 Sections from 
welds made using a QCW 
line source (a) 375 W, pulse 
length 400 µs, showing two 
tracks side by side with a 
melt depth up to 0.070 mm; 
(b) and (c) 675 W, pulse 
length 150 µs, welds directly 
over channels in the sample 
showing minimal channel 
distortion and a melt depth 
significantly less than the 
channel depth

1000 μm

250 μm

250 μm

a

b

c
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Burn, Slash, Scorch and Stick: a per-
sonal testimony to the joy of creative 
working with lasers

Janet Stoyel

Janet Stoyel has been experimenting 
and innovating in laser processing with 
textiles for around 20 years now and 
has provided the world with some truly 
unique products. This was through try-
ing things that had been missed, ignored 
or simply considered as worthless to 
pursue. Others are now being inspired 
by her work to try an ever wider range 
of applications. Janet started with a CO2 
laser and what would now be described 
as rudimentary manipulation equipment. 
There is now a much wider range of 
laser types and wavelengths available 
and more complex beam 2D and 3D 
scanning systems, some at quite moder-
ate cost. The interaction between the 
laser tool and the textile (synthetic or 
natural fibres) can be controlled in ways 
that were previously not possible. The 
hope and expectation is that this and 
Janet's work will motivate designers in 
textiles to explore and create new mate-
rials processing concepts.

Ian Jones   TWI

Janet Stoyel’s ground-breaking work 
with the CO2 laser during her MPhil 
at the RCA marked the beginning of a 
whole new generation of designers curi-
ous to experiment with laser technology 
for the manipulation of materials. As well 
as working in the commercial arena, 
Janet can also be credited for introduc-
ing the laser to schools and universities, 
providing a way for young and emerging 
designers to gain first hand experience 
of this once inaccessible technology.  

In turn this technology is also now a 
more accepted form of ‘hand’ making. 
The disapproval of the craft industries 
Janet describes is no longer a barrier 
for the budding techno-crafter. In fact 
design clusters such as Autonomatic 
based at University College Falmouth 
celebrate these digital processes as part 
of the craft-makers toolbox, and of “a 
digital manufacturing revolution that has 
the potential to enable mass customisa-
tion and highly responsive localised pro-
duction, perhaps even in the home.”

The magic Janet describes in watching 
designs emerge from the laser’s path 
is something I recognise from my own 
experience. The laser with which I have 
chosen to ‘make my difference’ is the 
transmission laser, which I have been 
exploring as part of a PhD project base 
at Central Saint Martins College of Art 

& Design (CSM) in collaboration with 
TWI. As Janet acknowledges, it is only 
‘hands-on’ access to technology which 
can lead to an understanding of process 
and ultimately to innovation.

The thing that is particularly relevant 
for me is the ability of laser-finishing 
to replace the often harmful processes 
prevalent in textile finishing industries; 
saving water, chemical use and even 
transportation impacts between indus-
tries. There is potential for a whole new 
industry to develop, focused on local 
(UK-based) production of high value 
materials which can be economically as 
well as environmentally viable. This is 
where I believe the laser can have a real 
impact on the sustainability and resil-
ience of the textile industry.

Kate Goldsworthy    
University of the Arts London

Fusion cutting of steel with disk and 
CO2 lasers

Leonardo Daniele Scintilla et. al.

I would like to congratulate Leonardo 
and the rest of the team involved for 
producing a high quality, well thought 
out piece of research which is a good 
contribution to our understanding of 
laser cutting. A direct comparison – or 
even a meaningful comparison between 
these two types of lasers is a difficult 
thing to achieve. 

From a commercial point of view a 
direct comparison might even use 
money as the most important param-
eter rather than beam quality etc. For 
example – the question to be answered 
could be ‘How much profit would I 
make in one year from two lasers with 
the same purchase price – one of which 
is Fibre/Disk and the other is CO2?’ This 
is, of course an impossible question to 
answer accurately (how do you calibrate 
sales staff? What thickness mix do we 
use for the jobs? Will the customer care 
about differences in cut edge quality 
at higher thicknesses?) But Leonardo’s 
paper takes us one step closer to being 
able to answer this type of question in 
principle.

On a technical note I should like to add 
two comments;

1. Leonardo mentions ‘black coloured 
PMMA’ for measurement of one 
micron primary losses. There are, 
in fact two types of black coloured 
PMMA – one is dyed black and the 
other is full of carbon dust which 

makes it black. Only the carbon dust 
version of this material works for 
measuring one micron laser radiation.

2. In CO2 laser cutting, where the 
overall inclination of the cut front is 
almost vertical, the PMMA beam print 
method works very well for estimat-
ing primary losses – because the 
reflected and transmitted light travel 
in roughly the same direction – almost 
vertically downwards onto the PMMA 
block. With the more inclined cut front 
associated with Fibre or Disk laser 
cutting at high speed, there will be no 
such concentrated directionality to the 
primary losses. The reflection of part 
of the laser energy off the cut front 
will not necessarily dump the energy 
in a concentrated beam directly below 
the cut zone – the light will be much 
more scattered and be travelling back 
along the cut line after multiple reflec-
tions. However – I can’t see how this 
can be measured without a very com-
plicated experiment involving a globe 
integrating sphere. This needs to be 
done to assess the primary losses for 
one micron radiation (particularly dur-
ing high speed cutting) because it will 
leave the process zone over a wide 
range of angles (mostly downward 
and backward) and much of it may 
not therefore interact with the acrylic 
block.  

So, as usual there is still more work to 
be done (which is good news for all the 
scientists) but this paper is certainly a 
step in the right direction.

John Powell    Laser Expertise

Building micro mechanical parts by 
laser sintering

Hannes Horst et. al.

It is good to see the Direct Laser Metal 
Sintering principle can be used, and the 
manufacturing challenges overcome, 
to scale down the process for ever 
smaller, complex micro metal parts. The 
range and application of micro parts will 
be of immense importance and open up 
new avenues for manufacturing applica-
tions. The economics and commercial 
value of the process is yet to be prop-
erly evaluated and the advent of these 
Micro Laser Sintering machines on the 
market within the next few months will 
be watched with interest, not only for 
their performance and consistency, but 
for the impact they have on the markets 
they are intended for.

Janet Folkes    University of Nottingham

Short comments on papers in this issue
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This article confirms that functional 
metal additive manufacturing has moved 
beyond the research stage at the micro 
as well as macro scale. The scale and 
quality of selective laser sintering (SLS) 
were until recently limited by balling and 
poor interlayer bonding with micron and 
sub-micron powders. The article empha-
sises the small scale and high resolu-
tion of DMLS parts but the high density 
(99%) that this system achieves is just 
as significant because it means the 
properties are truly functional. Having 
said that, 1% porosity in a part would 
still not be tolerated in all industries. 
There has been a lot of interest and cur-
rent scientific papers on applications of 
rapid manufacturing for medical applica-
tions, and micro DMLS may increase the 
scope further.

Andrew Pinkerton  
University of Manchester

In this presentation Hannes Horst 
showed innovative work in the field of 
Micro Laser Sintering (MLS),  which 
could also be termed Micro Selective 
Laser Melting (MSLM). Small SLM 
machines have been available for a 
number of years, but these have really 
only been an incremental departure from 
the traditional approximately 250 mm 
square bed based machines, with the 
main exception being produced by 
Realizer GmbH. The work presented is a 
step change from this approach in that a 
specialist machine has been created to 
carry out the trials. The main difference 
is that the machine is able to handle 
very small powder, the mechanics can 
cope with the small layer depths and the 
spot is potentially less than 15 microns 
in width. This in combination provides a 
significant capability to bring the bene-
fits of Additive Manufacturing to the pro-
duction of very small parts, with features 
down to 55 microns shown. 

EOS are clearly ramping up their devel-
opment of this machine, with pre-series 
systems becoming available (for a 
significant price!). The extent to which 
this will be adopted by industry is still 
to be determined. The semi-conductor 
industry and medical applications are 
referred to, but the specific market is 
understandably not detailed. However, 
at the very least from a research point of 
view, this work is innovative and com-
mendable.

Rob Sudamore    TWI

Horst’s article on additive manufacturing 
for micro mechanical parts is indicative 
of something of a watershed which has 

been occurring over recent years within 
this sector of advanced manufacturing.  
The text from EOS, not unexpectedly, 
reads like a sales brochure with a very 
meticulous listing of machine capabilities 
and features and whilst factually cor-
rect, leaves the reader still wondering “so 
what?” The significant point is that there 
is not necessarily a pushing back of tech-
nology frontiers but of industrial ones.

Production machines and materials with 
very useful capabilities are available now 
to product designers, both physically 
and with a sufficiently mature knowledge 
base (although Horst’s assertion that all 
materials can be processed using MLS 
is perhaps stretching this point a bit) 
and progression is a matter of gradu-
ally changing mind sets. We will need to 
get well beyond the novelty of freeform 
production before the real gains, such as 
inhomogeneous materials and biological 
design philosophies, are evident in any-
thing other than niche applications.

Neil Calder    Engineered Capabilities

Low temperature wafer-level packag-
ing of MEMS using selective laser 
bonding

Norbert Lorenz et. al.

This very interesting investigation is a 
good example of the high versatility of 
laser technology which, combined with a 
suitable design of process setup, allows 
processing of temperature sensitive sys-
tems, making packaging of MEMS sys-
tems viable for commercialisation.

The development of the glass sphere 
clamping approach is noteworthy to 
achieve uniformly distributed clamping, 
as conventional jigging is a serious com-
plication in laser applications for micro-
joining. Considering the minor pressure 
variation within the clamping system due 
to the change of diameter of the stand-
ard micro-spheres, the success rate of 
joints achieved (approximately 78% and 
above) is significant. One interesting 
extension of this method might be to use 
an absorbent dye which is specifically 
tuned to the diode laser wavelength. This 
can be applied to the surface or incorpo-
rated into the adhesive. This is the basis 
of the ClearweldTM process.

The heat removal approach by the cop-
per platform and its central location 
underneath the wafer packaging device 
appears to be very effective to remove 
the heat build-up while reaching a suit-
able temperature to produce a joint 

between the silicon substrate and the 
BCB rings.

The shear force testing and through-hole 
testing to assess the quality and herme-
ticity of the seals follow good standard 
practice. The full leak test method using 
helium both for leak checking and for 
the full bomb procedure can be found in 
MIL-STD-883G, Method 1014.12

Paola de Bono    TWI

Welding dissimilar metals with a 1 kW 
CW fibre laser

Mohammed Naeem et. al.

Welding dissimilar materials by a laser 
beam has always been challenging. Mo 
Naeem et. al. have studied a number of 
material combinations including Al, Cu, 
stainless steel, Nitinol and Ti alloys and 
has found cracking in most of the joints. 
This is not surprising. Our recent work 
(both published in scientific journals) 
in CW fibre laser welding for Al alloy to 
Zn coated steel, and fibre laser welding 
of Ni alloy with Ti alloy have shown the 
need to precisely control the heat input 
configurations to avoid cracking. This is 
an interesting subject to study.

Lin Li   University of Manchester

This paper contains some interesting 
results on the 'ever hot topic' of join-
ing dissimilar combinations of materials 
together. The author explains how laser 
welding might be one means of minimis-
ing the formation (and amount and hence 
size) of brittle intermetallics that can be 
formed in fusion joints between dissimi-
lar materials, whilst acknowledging that 
achieving this consistently in a produc-
tion environment would be another mat-
ter! The advantages of using brighter/
higher power density fibre (or disk) lasers 
for this application are put forward in this 
paper. However, in most cases the welds 
made contained some kind of defect 
(cracks or pores) and/or the presence of 
intermetallics, confirming the difficulties 
in these types of welding operations, and 
further work would be required to ascer-
tain the properties (and hence fitness for 
purpose) of any such joints. The brazing 
(and/or self-brazing) of one material on 
to a dissimilar other, a technique inves-
tigated on a number of occasions in the 
past (e.g. by BIAS) using a defocused 
CW beam, has not been commented on 
and compared with or carried out in the 
current work, and would have been a 
welcome addition to the paper.

Chris Allen    TWI
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This is an interesting article highlighting 
some of the issues involved in welding 
dissimilar materials. Lasers can have 
significant advantages in this area in that 
the energy can be applied in a very con-
trolled manner. This enables precise mix-
ing of the different materials so that the 
weld chemistry is optimised. Although 
not investigated here, a frequent way of 
managing the weld chemistry is through 
the use of interlayers of a third material. 

A possible problem of laser has been 
highlighted though, lack of mixing in the 
weld zone (if this is desired). This is likely 
to become much more of problem using 
the high brightness fibre laser with very 
short interaction times. 

As a final comment, this article would 
have been significantly more valuable if 
at least some process parameters had 
been provided. 

Stewart Williams   Cranfield University

Welding methods for polymer micro-
fluidic devices 

Ian Jones and Valentin Loyo-
Maldonado

The quick, effective and consistent 
sealing of plastic microfluidic chips has 
been a problem for many years. Many 
people can make excellent channels/
features in flat samples but joining these 
together or sealing them with a flat layer 
has been a major challenge. The advent 
of Clearweld was a significant break-
through but the sealing of micro-channel 
parts without distortion and/or block-
ages has remained a problem. Recently, 
other sectors (e.g. solar cell devices and 
displays) have also begun to explore 
ways of laser welding plastic parts and 
so this is an area of growing interest.

This article shows an excellent com-
parison between three laser-based 
methods and very encouraging results 
are shown. It seems to be the case that 
further improvements could be possible 
if beam scanning was used but with a 
pulsed laser source (e.g. a pulsed fibre 
laser) instead of a CW one. The use of 
a scanning system is highly flexible and 
avoids the use of masks, which can be 
limiting in a production scenario. The use 

of pulsed sources would provide addi-
tional control of the thermal input and, 
combined with the speed and flexibility 
of scanning, should give good results. 
Maybe this is being investigated already?

Nadeem Rizvi    
Laser Micromachining Ltd

Ian Jones excellent article highlights 
some of the main issue of laser welding 
of plastics, how do you get enough heat 
in at the interface to form a weld without 
destroying the job! I was aware of the 
Clearweld developed by TWI and found 
its use in this particular application inter-
esting. I see that Dolomite Microfluidics 
supplied material for the project and I 
would be interested to know their view 
of the introduction of Clearweld into the 
application: would Clearweld need certifi-
cation in such a medical device product, 
or has Clearweld already been approved 
for such an application? Clearweld is 
a UK success story and I hope to hear 
more of its successful application in the 
future. 

Another important point raised by the 
article is the novel use of a shaped laser 
beam. I must admit that when I’m think-
ing about a particular application, it is 
the wavelength and pulsed or CW nature 
of the output that tends to come to mind 
and not what shape should the beam 
be! If you ask my colleague at JMU, 
Martin Sharp, about such matters he will 
go straight to his PhD thesis (“The Blue 
Book” as we call it) and bestow the vir-
tues of the Axicon lens. 

I have only recently become aware of 
the importance of beam shaping with 
respect to a project here at JMU. We 
are using a SPI fibre laser on a particular 
micro-machining project related to the 
texturing of metals and polymers. The 
PhD student involved is using beam 
shaping to create structures an order 
of magnitude smaller than previously 
achieved. 

Ian’s article shows us all the benefits of 
beam shaping and how, in this case, it 
can be used to control the energy input 
at the interface of a plastic substrate 
and weld it successfully in the vicinity of 
micro channels.   

Paul French    
Liverpool John Moores University

At this time – Janet registered the 
Trademarks “Laserlace” and “Laseretch” 
covering her work with lasers in textiles 
and architecture and also the trademark 
“Sonicloth” pioneering the use of ultra-
sound in the patterning of materials.

In 1998 Janet was shortlisted for the 
Jerwood Prize for Applied Arts

Amongst her many awards and prizes 
Janet was awarded The Daiwa Anglo-
Japanese Foundation Scholarship in 
January 2004 to research the practical 
aspects of Japanese Katagami (the art 
of hand carved stencils) with a Master 
Katagami carver. 

And in 2004 she was a finalist in the 
International Archive of Women in 
Architecture, Milka Bliznakov Prize

In 2005 Janet was invited to become 
an Adjunct Professor in the School 
of Architecture & Design at Royal 
Melbourne Institute of Technology, in 
Melbourne, Australia

In that year she also received the 
Winston Churchill Memorial Trust 
Travelling Fellowship to study the ancient 
art form of Katagami, at the Smithsonian 
Institute, in USA.

As a Senior Research Fellow at UWE 
in Bristol, Janet has established a laser 
technology centre and works closely 
with colleagues in the Centre for Fine 
Print Research and with staff engaged in 
applied arts research on a wide range of 
new research and contemporary textile 
trends.

Unfortunately a couple of years ago, 
Janet developed a life threatening ill-
ness, spending three weeks unconscious 
in hospital. Although recovery has not 
been easy, it is a joy to see her in good 
health.

Janet has an impressive list of achieve-
ments. She and is an internationally 
renowned textile artist who has devel-
oped revolutionary techniques for cre-
ating textiles and patterning materials 
through the use of lasers and ultrasound. 
In recognition of all of this, Janet was 
awarded an MBE last year.

More importantly, she is a great person 
who I have found a joy to know; she is 
enthusiastic, inventive and always look-
ing to push new boundaries.

Alan Ferguson   Oxford Lasers

Following the AGM Janet Stoyel, this 
year's AILU Award winner, was co-opted 
onto the committee.  Ed.

(Continued from p 1) 
An appreciation of Janet Stoyel -  
2011 AILU Award winner 

Ultra precision laser manufacturing systems,  
technologies and applications

FOR YOUR DIARY: 13 September  Institute for Manufacturing, Cambridge

LAST MINUTE OFFERS of presentations? Contact the AILU office ASAP
Organised by the AILU Micro:Nano Special Interest Group
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15 & 16 March 2010

The Centre, Birchwood Park, Warrington ILAS 2011

The Sources and Systems session included 
presentations by Trumpf, SPI, Teem Photonics, 
JK Lasers, ES Technology and Electrox. The 
session was well attended and the audience 
was treated to a range of talks covering various 
aspects of laser technology and automation. 

Christian Föhl of Trumpf gave the keynote 
speech, highlighting the many factors that influ-
ence the productivity of a laser processing tool. 
In many cases, the biggest influence is not the 
laser source (reliability aside) but the automation 
and process control. There were two papers 
relating to fibre lasers, the first by Jack Gabzdyl 
of SPI concentrated on nanosecond fibre lasers 
and the range of applications that can be 
addressed by these lasers including marking, 
cutting, engraving and drilling. The second fibre 
talk was by Mark Richmond of JK Lasers in 
which he described features of their fibre prod-
ucts including pulse shaping, back reflection 
protection and beam profile modification.  

Florent Thibault spoke on the short pulse lasers 
produced by Teem Photonics. These passively 
Q-switched lasers produce pulses in the range 
of 0.3 - 1 ns, sitting between conventional nano-
second and conventional picosecond lasers.  
A large number of processing examples were 
presented with some attributes of a picosecond 
source and some of a nanosecond source. 

ES Technology and Electrox gave presentations 
on integrated systems covering a range of appli-
cations. Andrew May of ES Technology & Rofin 
demonstrated the prowess of ES in custom 
systems with automation for marking, scribing 
and hardening applications. Neal Croxford of 
Electrox concluded the session with a demon-
stration of the wide range of products that lasers 
are used to mark and the ingenious automation 
solutions sometimes required to enable these 
processes at the production rates required.

Martyn Knowles    Oxford Lasers

The cutting section of the ILAS meeting was one 
of the most interesting group of papers I have 
ever seen in one conference session. We kicked 
off by inviting the world’s top expert on laser 
cutting – Dr. Dirk Petring from the Fraunhofer 
ILT at Aachen – to give a general talk on the 
progress made in laser cutting over the past 30 
years. Dirk gave a very interesting overview end-
ing with one of the strongest statements made 
at the conference ‘as far as thin section metal 
cutting is concerned, the CO2 laser is dead’ – 

and you can see my discussion of this comment 
in my piece on fibre laser cutting in this issue. 
We then had a talk from Don Miller (Finecut 
UK) on the difficulties inherent in producing fine 
jet nozzles for abrasive water jet machines. 
This was followed by a couple of talks from JK 
Lasers - Mo Naeem covered high quality drilling 
of aerospace components and Stephen Keen 
discussed a new development in focus control 
for fibre laser cutting. Paul French (Liverpool 
John Moores University) stayed on the subject 
of fibre lasers in an application involving cutting 
holes in carbon reinforced plastic. 

Ulrich Johannes (Prima Industrie) gave an inter-
esting talk on ‘perfect cut’ laser cutting and was 
followed by Ali Khan (TWI) who discussed the 
system used to chop up bits of nuclear reactors 
safely – where the cut quality need not be per-
fect as long as the cut part falls in two! Finally 
we had a couple of excellent talks on laser cut-
ting of fabrics by Janet Stoyel MBE and Kate 
Goldsworthy (University of the Arts, London). 
Janet gave us a fascinating walk through the 
growth of her business and the development of 
the techniques she pioneered, and Kate ended 
the session with a selection of extremely inven-
tive laser based methods of treating textiles to 
produce eye catching garments. 

John Powell    Chair, Job Shop SIG

In the first part of the Additive Manufacturing 
session, Dr. Jeff Allen from Rolls-Royce gave an 
excellent keynote presentation on the challeng-
es in powder bed laser additive manufacturing 
and their potential applications in the aerospace 
industry. He highlighted the environmental gain 
in using laser additive manufacturing combined 
with traditional manufacturing. 

Introduction of the performances of new micro 
powder bed laser additive manufacturing 
machines based on selective laser melting were 
given by both ES Technology and EOS GmbH.  
High precision manufacturing of complex parts 
for the jewellery and medical components were 
demonstrated. 

TWI presented the applications of selective laser 
melting for producing titanium and nickel alloy 
parts aiming at aerospace and medical sectors. 

The session was well attended and useful dis-
cussions were made among the delegates on 
the subjects presented.

Lin Li   Chair, Product and Process Innovation SIG 

The Additive Manufacturing sessions went 
extremely well. Many thanks again to all those 
who contributed, either from the lectern or from 
the floor. A broad range of topics were dis-
cussed, ranging from Paul Goodwin from LCT 
presenting how they are very effectively exploit-
ing Laser Cladding in the marketplace, to more 
academic presentations from my colleagues at 
TWI on the subtleties of Selective Laser Melting.

Secondly, the AM Network has been active in 
drawing up roadmaps for AM. This, and previ-
ous work, was presented to the Technology 
Strategy Board (TSB) in March. Although noth-
ing concrete has been committed to, there are 
very positive signs from the TSB that a more 
directly coordinated approach to AM is immi 
nent. Apologies for not disseminating this to the 
group earlier. 

Rob Scudamore   Chair, Additive Manufacture SIG

The micro-joining session consisted of 7 papers 
on a good range of topics, covering both weld-
ing and intermediate layer bonding techniques 
such as soldering and glass frit bonding, for a 
range of materials and applications. A particular 
highlight was the invited paper by Alexander 
Olowinsky of the Fraunhofer ILT in Aachen, who 
described their work on welding using advanced 
scanning techniques and high brightness lasers; 
soldering for photovoltaic packaging; polymer 
bonding for micro-fluidic applications; and glass 
frit bonding.  

The papers in this session explored the key 
issues with laser micro-joining processes, namely 
(i) efficient coupling the laser energy into the 
material and (ii) thermal management of the proc-
ess to prevent material close to the join being 
unduly heat affected. The solutions described 
are of course strongly dependent on the par-
ticular application. Mo Naeem (JK Lasers) and 
Wolfgang Hemmer-Girod (LASAG) demonstrated 
solutions using intensity modulation within a laser 
pulse, whilst Alexander Olowinsky described 
approaches using beam scanning (effectively 
spatial modulation). Ian Jones (TWI) used a com-
bination of short pulses and high speed scanning 
to prevent overheating during polymer welding, 
and Paula De Bono (TWI) used a shorter wave-
length, shorter pulses, and absorbing layers to 
increase the coupling efficiency with highly reflec-
tive materials. Finally Norbert Lorenz, AILU 2011 
Young Laser Engineer employed active cooling, 
to join micro-systems containing temperature-
sensitive devices.

Duncan Hand    Heriot-Watt University

AILU's largest and most successful workshop to date

A review of ILAS 2011:  contributions from session chairs

Sources and Systems

Cutting and drilling

Additive Manufacturing

Micro-joining
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FUTURE EVENTS

September
13 Ultra precision laser manu-

facturing systems, technolo-
gies and applications 
(Organised by the Micro:Nano 
Special Interest Group)

 Institute for Manufacturing, 
Cambridge, UK

 Still open for presentation
suggestions* 

October
11 Job Shop 11: How to make 

the best of the economic 
recovery 
(Organised by the Job Shop 
Special Interest Group)

 Trumpf UK, Luton, UK

 Still open for presentation
suggestions* 

* Email Mike Green at mike@ailu.org.uk

May
23 Lasers in Manufacturing (23 - 26) 

(Organised by the German 
Scientific Laser Society (WLT))

 Messa Munich, Germany
 See below

June
7 Subcon 2011 (7 - 9)
 NEC Birmingham, UK
 See inside back cover

July
6 EU and UK Collaborative 

Funding for Photonics 
(Organised by SEPNET)

 Congress Centre, London
September
27 MM Live UK (27 - 29)
 NEC Birmingham, UK
October
4 Espace Laser (4 - 6)  

(Organised by IREPA Laser and CLP)

 Paris, France

            AILU events                         AILU supported events

Lasers in Manufacturing (LiM 2011) is 
a 4-day event held in parallel with the 
Munich Laser Fair, one of a number of 
conferences that make up The World of 
Photonics Congress. AILU is a coop-
erating society to this event and as 
such AILU members enjoy the 'Full 
Member' rate: EUR 490 compared to 
EUR 610 for non-members.

Although you must choose which con-
ference you wish to register for, the 
admission fee gives you general access 
to all conferences and the exhibition. 

LiM focuses on the latest developments 
as well as future trends in the field of 
Laser Materials Processing. Dealing 
with Process Engineering, System 
Technology and Process Optimisation. 
Organized by the German Scientific 
Laser Society (WLT), the conference will 
bring together international experts from 
research and industry in order to match 
scientific advances and economic needs 
for mutual benefit.

The preliminary programme is now avail-
able. The presentations are in 2 parallel 
sessions and address macro welding, 
brazing and soldering, macro surface 

treatment, macro cutting and drilling, 
additive manufacturing, micro joining, 
micro structuring, micro and macro 
simulation & sensing and control, nano 
processing, advanced beam sources 
and system engineering. Also included 
are two joint sessions with ECLEO on 
novel fibre lasers and applications and 
fibre lasers in materials processing.

In the plenary session Barry Schuler 
(Raydiance Inc, USA) will address 
commercial opportunities of industrial 
ultrafast lasers and Reinhart Poprawe 
(Fraunhofer-Institut für Lasertechnik 
(ILT)), will speak on KW-fs laser technol-
ogy and how it is enabling a new dimen-
sion of materials processing.

Invited talks include 'Numerical 
Simulations - A versatile approach to 
understanding dynamics in laser material 
processing' by Andreas Otto (University 
of Erlangen), 'Effects of radial and tan-
gential polarization in laser material 
processing' by Rudolf Weber (Universität 
Stuttgart) and 'Laser micro welding sys-
tem and its application to seam welding 
of rechargeable battery' by Tomokazu 
Sakagawa (Kataoka Co., Japan).
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Full information can be found at www.ailu.org.uk/events

I was honoured to chair the session on macro 
welding and also very pleased to see the com-
mitment and enthusiasm evident during the ses-
sion. The expertise displayed during the session 
could not only clarify the lasers opportunities, 
but also critically evaluate the various forms of 
beam and how to optimise the distribution of 
the heat source, either as a single, divided or 
dispersed beam, or applied in association with 
another heat sources (usually a gas-metal arc). 

The event continues the AILU tradition of bring-
ing the laser community together in a positive 
and friendly environment, to share knowledge, 
to challenge and inspire best practice and 
encourage a culture of excellence. I will not 
attempt to pick out highlights since all deserve 
proper mention; suffice it to note that industrial 
laser applications are becoming well established 
in the UK. This will surely help remove the barri-
ers to broader application of lasers, with closer 
partnerships between academia and manufac-
turing continuing to identify, develop and apply 
laser solutions across all appropriate sectors. 

Alan Thompson    TATA Steel

The second of the 3 sessions on surface modi-
fication began with a presentation by Rahul 
Kuchimanchi of Gravutex Eschmann on the 
use of a pulsed fiber laser for mould engrav-
ing. They showed some interesting automotive 
applications where laser textured moulds have 
been used to generate plastic moulded parts 
with intricate textures. 

Jonathan Blackburn of TWI, AILU 2010 Young 
Laser Engineer, presented the use of a CW 
fibre laser in TWI’s patented Surfi-Sculpt proc-
ess. The technique has been transferred from 
electron beam to laser, but still appears to be 
a solution looking for an application. A further 
contribution from TWI was presented by Dr 
Paul Hilton who discussed two applications of 
interest for nuclear decommissioning; concrete 
scabbling and tube cutting. He showed an 
interesting video of cutting up of a complex 
series of pipes and supports as a demonstrator 
to the industry. Finally Michael Lang of Trumpf 
gave an overview of high speed laser structur-
ing with short and ultra short pulsed lasers.

Jack Gabzdyl    Micro:Nano SIG Chair

The Surface Modification 3 session provided 
an opportunity for young researchers from 
Manchester and Heriot-Watt universities to 
present the results of their work. Such an 
opportunity is important in any form of training 
and the presentations gave an insight into some 
of the latest work in laser induced surface mod-
ification. The talks, all with a strong industrial 
theme, ranged from ablative machining through 
to surface marking at the nanometer scale. 
Noorhafiza Muhammed started the session by 
describing the machining platinum coronary 
stents using a picosecond laser. Reducing the 
scale of machining, David Whitehead presented 
work showing how excimer lasers can be used 
to remove damaged hard coatings from tung-
sten carbide micro-tools. 

Macro-welding

Surface Modification

Concluded on p 41
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Readers will know that we got a lit-
tle behind with the previous issue of 
the magazine, but with this issue we 
are almost there and the next issue 
should be out by the end of June. I've 
been particularly thankful to those ILAS 
speakers who have already submitted 
papers for the ILAS magazine supple-
ment; edited versions of some of these 
excellent papers can be found in this 
issue of the magazine.

When I sent out requests for observa-
tions on this issue's papers I anticipated 
that the closeness of the Easter holiday 
would result in fewer contributions than 
usual, but this proved not to be the case 
and I was left with only a single page 
in which to fit a review of ILAS, which 
hardly does it justice.  

Suffice to say that with a total of 173 
registrants, most of whom stayed both 
days, the success of ILAS 2011 exceed-
ed all expectations. The feedback we 
received was very positive and strongly 
supported a Symposium in 2013. One 
much appreciated feature was its 
breadth of scope of the event, which is 
nicely illustrated by the magazine front 
covers of this and the previous issue, 
one of micro additive manufacturing and 
the other artistic work with lasers on 
textiles. One is an example of the best in 
materials handling technology, the other 
the best in its artistic use. The corre-
sponding papers by Hannes Horst et. al. 
and by Janet Stoyel, both ILAS presen-
tations, can be found in this issue. 

The business news in this issue reports 
strong growth for industrial laser equip-
ment sales worldwide; so too in the 
service sector, judging by UK job shop 
feedback I've had, but as the new AILU 
President points out in the last (for 
now at least) of his Sharp Comments: 
Where are the users (in the UK)? For 
despite the success of ILAS only 16% 
of the organisations represented could 
be classed as industrial users of lasers, 
including laser job shops. So whilst 
the laser community should look to the 
future with some optimism, it remains 
very much a challenge for AILU's new 
committee to help the association con-
nect more strongly with industrial users.

Mike Green, Editor  
mike@ailu.org.uk 
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THIS YEAR IN MAY!

23–26 MAY 2011

As the world’s leading trade fair for lasers and 
laser sys tems in manufacturing, LASER World of 
PHOTO NICS brings together all international 
key players. It revolves around both research 
and industry, which promotes new, marketable 
products to ensure the quality and produc tivity 
of your manufacturing operation. It gives you 
access to concrete solutions for your daily 
business. Innovations and trends? This is where 
they are presented fi rst. Practical orientation? 
Experience it in our sector-specifi c application 
panels. Take the lead with us and enjoy 
the advantages of online registration at 
www.world-of-photonics.net.

Pattern (Trade Fairs) Ltd.
Tel. (020) 3375 8230, Fax (020) 7378 0215
info@pattern.co.uk

PRODUCTIVITY 

IN THE BEST LIGHT: 

FOR MANUFACTURING
LASERS AND LASER SYSTEMS 

LIGHT APPLIED

www.world-of-photonics.net

NEW
MUNICH
TRADE FAIR CENTRE

Subcon 2011 builds business for UK 
exhibitors
With subcontracting one of the most 
dynamic sectors in a resurgent UK 
manufacturing sector, this year’s Subcon 
exhibition looks set to be the best yet for 
British exhibitors. The event, which takes 
place at the NEC Birmingham from 7 to 
9 June, has doubled in size since 2007. 
This year’s event will attract over 300 
exhibitors, more than 200 of them UK 
subcontractors, and over 4000 visitors.

Visitors to Subcon 2010 included supply 
chain managers and sourcing profes-
sionals from companies such as BAe 
Systems, JCB, Rolls-Royce, Schneider 
Electric, Babcock, and Siemens. 95% 
of visitors came to source UK suppli-
ers and nearly two-thirds have asked 
companies they met at Subcon 2010 to 
quote for contracts.

Buyers come to Subcon because they 
know it is the only place where they can 
see companies offering the complete 
range of manufacturing services. And 
the international exhibitor base allows 
UK subcontractors to put themselves 
in front of top-level buying teams from 
leading OEMs who simply don’t visit 
other shows. 

“Subcon is the UK’s number one sub-
contract manufacturing event for all 
sectors", says Exhibition Manager Jon 
Clark; “When one sector is slow, another 
is moving, so Subcon brings you face to 
face with the contacts you need to sur-
vive and thrive in a changeable world".

“The show’s reach is another big plus. 
Visitor numbers are evenly spread 
between the South, Midlands, North 
and Scotland, making Subcon the most 
cost-effective way to market your busi-
ness throughout the UK.” He adds that a 
record number of companies rebooked 
for Subcon 2011 at the 2010 show.

“It is no coincidence that Britain’s 
leading subcontractors come back to 
Subcon year after year to find new cus-
tomers – they come because it works.”

For information about exhibiting at 
Subcon visit www.subconshow.co.uk or 
call Jon Clark on 0207 970 6742.

The remaining presentations shared a sub-
micron theme. Stéphanie Giet explained how 
355 nm Nd:YAG lasers could be used to 
produce shallow periodic sinusoidal gratings 
in stainless steel for use in optical position 
encoders. At an even smaller scale Ana Pena 
-Alvarez presented work using a 1064 nm laser 
to produce 6 nm bumps in the surface of com-
puter hard disk platters which, in turn, reduce 
stiction between the read/write head and the 
disk surface. The final presentation of the ses-
sion was from Ashfaq Khan who described a 
novel method for creating arrays of sub-micron 
surface features in flat and curved surfaces by 
illuminating a contact particle lens array formed 
from a monolayer of particles held on an adhe-

sive tape placed against a machinable surface. 
All the presentations generated interest from the 
supportive audience with a good range of both 
technical and application questions.

Julian Burt    University of Wales, Bangor

Sessions unfortunately not covered in this 
review were Surface Modification (1), Beam 
modification and the Plenary.

Full sets of virtually all presentations are avail-
able on the AILU web site, free to ILAS del-
egates. A magazine supplement will also be 
produced during the summer but, as in this 
issue, it is hoped that many will appear in the 
magazine during the year.    

ILAS 2011 review (continued from p 39)
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