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Delay to USA Mission
The DTI-sponsored AILU Best Practice 
Mission to USA job shops in November, 
announced in issue 11, has had to be post-
poned due to the excessive demand on the 
DTI 1998/9 funds available to support 
such events. Those who had applied to join 
the mission party are being kept informed 
of the situation. 
Dr Bill O’Neill of Liverpool University, 
who will lead the mission, remains keen 
for the event to go ahead and the DTI are 
hopeful that the trip can go ahead in March 
or April 1999. 
Interested in participating?  
Contact Bill O’Neill on 0151 7944903 

Following this year’s 
voting, we are 
pleased to announce 
that Dr Jim Wright 
has been nominated 
to receive the 1998 
AILU award.
Jim Wright’s name is 
synonymous with 
industrial laser inno-
vation in the UK. JK 
Lasers, who merged 
with Lumonics in 
1982, have continued 
to attract many com-
panies to the broadly 
based community of 
industrial laser users. 
Although Jim has 
now retired, many of 
his prodigies from 
JK Lasers continue, 
at Lumonics and 
elsewhere, to exert a major influence on 
the development of the industrial laser 
industry in the UK. 
Jim began his move towards lasers with 
research into non-linear materials at 
Nottingham University and in 1962 he 
built the first solid state laser in Europe, a 
ruby. His first real job was at 
SRDE Christchurch, but he gave up a 
career in the scientific civil service  to 
move into the private sector, something 
almost unheard of at the time. In 1972, 

after wetting his feet at AEA Research 
Labs  and Laser Associates, he took the 
plunge to team up with Ron Burbeck and 
start JK Lasers.
The award will be presented by the 
President, Professor Bill Steen, at our 
forthcoming member’s-only meeting.
AILU Members Meeting: Rutherford 
Appleton Laboratory in Didcot on 20 
October 1998. Details to be circulated.

Industrial laser safety proved to be a far 
from boring subject for the workshop at 
Liverpool University on 24 June 1998. 
This first one day event in the UK to con-
centrate on safety issues concerning sup-
pliers and users of industrial laser equip-
ment addressed the essential elements of 
laser radiation safety (Mike Green), rele-
vant standards (Bryan Tozer) and associat-
ed hazards (John Tyrer). Extended pres-
entations reviewed CE marking of laser 
products (Mike Barrett) and the role of the 
HSE (Steve Walker). Risk assessment and 
safety in design proved to be the main 
themes of the day.
Lasers in industry have an excellent track 
record but there is no room for  

complacency. Meetings 
like the one at Liverpool 
play an important role  in 
bringing together user, 
manufacturer, enforcer 
and safety professional to 
sort out what is current 
best practice in design and 
use of equipment and 
what is not.  

The association is particu-
larly grateful to the Laser 
Group at Liverpool for 
their assistance in hosting 
the meeting and organis-
ing  a tour of the laser 
facilities afterwards.

C
ourtesy of the C

oventry Evening Telegraph

CLEO/ Europe, with its eight parallel ses-
sions, takes place in the SECC Glasgow, 
from 14 - 18 September. Sessions of par-
ticular interest include ‘Laser Surface 
Processing and Welding’ and ‘Laser 
Ablative Deposition’ on 14th and ‘Micro-
structuring with Lasers’, ‘Ultrashort Pulse 
Interactions’ plus a Laser Materials 
Processing poster session on 17th.
The event includes four one-day ‘Tech-
Focus’ specialist meetings. AILU mem-
bers will have received details of ‘Lasers 
in Modern Manufacturing’ meeting on 15 
September which AILU has organised.

Jim Wright to receive the 1998 award See you at CLEO!

Twenty years on. 1978, and JK Lasers receives it’s first Queen’s Award for 
export achievement. Shown in the picture (l to r) are Charles Smith-
Ryland, the late Lord Lieutenant of Warwickshire, Dr Jim Wright, Ron 
Burbeck, co-founder of JK Lasers, and the late Robin Brown,  
representing JK Laser employees

Laser safety proves a lively subject for discussion

The four wise men. Meeting chair Mike Green (far right) poses 
questions from the floor to the panel of speakers (l to r) John Tyrer, 
Steve Walker, Bryan Tozer and Mike Barrett

mike
AILU Magazine header
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The laser technology transfer  
initiative in Germany 

It was a pleasure for 
me to read the last 
issue of your magazine 
including the situation 
for laser training in the 
UK. Lasers are a new 
technology and at the 
present time it is only 
in the large companies 
that engineers with 
considerable experi-
ence of laser systems 
are, in general, to be 
found. In Germany, as 
in other European 
countries, there is no 
infrastructure and 
experience of laser 
systems within the 
all-important SME 
community.
In Germany, the 
Federal Ministry of 
Science and Technology (BMBF) funds the ‘Laser 2000 pro-
gramme with an annual budget of about $35 Mio, in which ‘edu-
cation and technology transfer’ is one of the three main themes. 
Transfer activity is undertaken by a network of organisations 
including universities, institutes, educational institutes, demon-
stration centres and equipment manufacturers. By working 
together to provide booklets, hold meetings and make presenta-
tions, they are able to offer specific help to SMEs in the form of 
(i) advise on the possible uses of lasers, and (ii) demonstrations, 
typically involving a total of 3 days per enquiry. Up to now, the 
network has carried out over 500 consultations and the statistics 
show that over 75% of enquiries are from 
companies of less than 50 staff and the major-
ity of companies are less than five years old.
There is no doubt that laser education and 
training is needed to fully exploit the potential 
of this flexible technology. The map above 
shows the locations and principal links 
between the centres of laser education and 
training in Germany. Of the 60 universities in 
Germany over 95% offer lectures in laser 
technology as do over 90% of the 70 advanced 
technical colleges. There are also about 600 
institutions in Germany offering extended 
vocational training, with over 2000 active 
technical courses on laser technology between 
them; many laser institutes also offer courses 
with a certified qualification in ‘laserstrahl-
fachkraft’.

Prof E Beyer, Fraunhofer IWS

Synrad in Seattle
Until a few months ago I had spent 12 years in academia, man and 
boy. Six years as degree and PhD and a further six as a research 
fellow, and senior research associate. During this time I had 
always wanted to become a lecturer, this changed through the 
realisation that (a) there were very few positions about, (b) once 
in such a position you were usually subjected to a high level of 
teaching duties and (c) a number of publications per year were 
required, plus proposal writing, so a lot of out-of-hours work. 
Disillusioned with academia I began to look around, thinking of 
all those transferable skills I was told I possessed. 
I soon found that jobs in laser materials processing in UK indus-
try were few, but by chance an email to a colleague landed on my 
desk from Synrad, advertising for a laser applications guy.  
Within 2 weeks I had been to Seattle and taken the position, 
WOW - so this was how the dynamic commercial world operates! 
The major difference? Timescales.
Synrad have manufactured sealed-off CO2 lasers and marking 
heads for 15 years. As the applications manager, it is my task to 
process samples (with cutting chicken toe nails the most bizarre 
to date) and liaise with existing and potential customers and gen-
erally to develop innovative applications for our range of lasers. 
The turn-around time on samples, from picking up the package to 
writing the report, must average around 3 hours. 
The future challenge for Synrad is in the sub kilowatt laser market 
place - the affordable high quality robust laser. The transition 
from dealing with $200k multi-kilowatt lasers at Liverpool to 
lasers that cost under $10k is one I find fascinating. It’s the first 
time I’ve worked with lasers that are affordable for every manu-
facturing situation: from Billy Bob in his garage with a 10W laser 
and a marking head to the large multi-nationals purchasing hun-
dreds of systems. Competitive times ahead I think, with our-
selves, Coherent, Rofin-Sinar and Deos going for gold.  The 
marketplace is also expanding so there may be room for all.
Geoff Shannon, Synrad Inc. (ex Liverpool University)
P.S. I don’t miss the Liverpool rain, but I do miss the football!

Letters to the editor

It was a lovely surprise to get a phone call 
from Hugh Bisset about a month ago with 
his news about the formation of the 
Canadian Laser Knowledge Network. 
There have always been strong academic 
links between the laser departments of 
research institutes and universities in the 
UK and Canada. On the commercial front 
too one thinks, of course, of the merger of 
JK Lasers and Lumonics. This event will 
no doubt be noted during the presentation 
of the 1998 AILU award to Dr Jim 
Wright, the ‘JK’ of JK Lasers, on 20 
October at the next members’ technical 
meeting at the Rutherford Labs in Didcot. 
In addition to historically strong links 
between the Canadian and UK organisa-
tions that AILU and LKN serve, they also 

share a motiva-
tion to support a 
relatively small 
national laser 
infrastructure. 
The LKN fea-
ture on page 3 
raises the chick-
en and egg paradox for lasers in industry: 
do so few lasers in a country result from 
a small infrastructure or is the small infra-
structure the result of so few lasers? 
Both countries seem to agree that where 
there are too few chickens, national laser 
associations are needed; to lay eggs in the 
form of information on applications and 
techniques, training courses and advice to 
potential laser users. 

Locations and principal links between centres 
of laser education and training in Germany



All is well (again) at Club Laser de Puissance
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After a couple of torturous years searching for an appealing name 
and gaining support for an umbrella body to represent the nation-
al interest in opto-electronics, we are pleased to report excellent 
recent progress. The new body will be called UKCPO (UK 
Consortium for Photonics and Optics: replacing CLAORD) and 
key elements of it’s constitution and mission will be the same as 
those of the newly established USA body CPO (Coalition for 
Photonics and Optics), to which UKCPO will be affiliated. 
AILU will join with UKLEO (UK Laser and ElectroOptics trade 
association), WOF (Welsh Optoelectronics Forum), SOA (Scottish 
Optoelectronics Association) and professional bodies with a 
major interest in lasers and optics (Institute of Physics and 
Institute of Electrical Engineers) in supporting this initiative.
Professor Colin Webb, currently president of CLAORD, will 
become president of UKCPO. Dr Bridget Marx of UKLEO will 
remain as secretary for the time being, although it is planned that 
eventually the secretarial effort will be spread among all the 
member associations. Recently won ALERTT money will support 
a post-doc/administrator at the Clarendon Lab for 2 years. 
The breakthrough came at an invited 2 day residential seminar on 
the theme of ‘Optoelectronics - Our Future’ held at TWI in June 
and attended by 28 Key people from the UK optoelectronics sec-

tor. The seminar was sponsored by Rank Prize Funds and organ-
ised by CLAORD. The main presentation was given by Randy 
Heyler, Newport Inc and President of CPO. He reported how 
CPO had drawn together 11 scientific, engineering and trade 
organisations (including the Laser Institute of America), thus 
uniting the community and providing a mechanism for co-ordi-
nated action on matters that will promote the common interests of 
the community. He then introduced the COSE report ‘Harnessing 
Light: Optical Science and Engineering for the 21st Century’. In 
this report optics is identified as a critical enabler of technology 
in many other industries.
The first action of the newly formed UKCPO has been to make 
representations to the UK government as part of the Foresight 
consultation process happening at present. Through this process 
the government hopes to find the right framework on which to 
hang its policies concerning science and engineering for the next 
few years. It is therefore most important that photonics and optics 
are recognised as a major enabling technology and are treated as 
such. UKCPO has offered to be a source of technology specialists 
for the new panel.
Much of the above text is abridged from the UKLEO newsletter. Our 
thanks to Bridget Marx for permission to publish.

AILU links with UKCPO

The motivation and intent of the newly formed Laser Knowledge 
Network in Canada,  has much in common with those of AILU 
and other national laser associations. 
The National Research Council’s Integrated Manufacturing 
Technologies Institute (IMTI) in London, Ontario is Canada’s 
leading industrial laser R&D facility and the major sponsor 
behind the new initiative. It has provided the start-up finances and 
office and conference facilities within the institute. 
“The institute’s role is to be a catalyst for a stronger laser infra-
structure in Canada”, said IMTI’s Gerry Delval, Manager 
Marketing and Business Development. “The infrastructure, which 

includes companies that 
supply and service laser 
equipment and those that 
provide training and edu-
cation for lasers, is small 
here compared to Germany, 
the US and Japan. These also happen to be countries that employ 
more lasers in manufacturing. The question is, do so few lasers in 
Canada result from small infrastructure or is the small infrastruc-
ture the result of so few lasers.”
The Coordinator of LKN is Hugh Bisset, a materials process engi-
neer, who ran the country’s first and one of its largest laser job 
shops. “If Canada is to continue to compete in manufacturing with 
laser applications, the Laser Knowledge Network will likely play 
a key role,” according to Hugh. “Industrial use of lasers is moving 
beyond precise cutting tasks to new applications like laser weld-
ing with clear signals that laser heat treatment and laser micro 
machining ultra-fine cuts and holes are well on their way to 
becoming regular industrial processes.”
National survey
Not much is known about the state of industrial lasers in Canada 
and the LKN is undertaking a national survey. This will be used 

Erratum
‘MMMMMMMM......M2 and MM.MRAD?’ by 
Brooke Ward (Issue 11, p 22)
‘beam width/divergence quotient’ (6th paragraph, third line) 
should, of course, have read ‘beam width/divergence product’. 
The remaining text and the equations are correct.

If you read the article and failed to notice the error, as I did, 
then the Laser Beam and Optics workshop at NPL on 6 October 
(details circulated separately, see p 36) is a must for you.
Ed

Canada gives birth to a new Laser Association

After 14 years existence it was perhaps not surprising to learn that 
some members of the CLP were looking for major changes to the 
association’s statutes. The proposal by research centres to expand 
the activities of the CLP to include a significant investment in 
specific industrially-orientated projects (OLE, June 1998, p7) was 
considered by the members to be a financially risky venture and 
the proposal was defeated. 

At a recent meeting of the CPL board, Gilles Arie took on respon-
sibility for relationships with industrial laser users and manufac-
turers. A fresh look at links between CLP and other national laser 
associations will be discussed at the next board meeting, sched-
uled for 24 September.

Continued on p 4
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The concept of a "Virtual University" is possibly the way many 
students through the ages have perceived their studies!  However 
it seems BAe’s is more serious in its intent. Len has not explained 
how the "critical enabling technologies" will be transferred to 
their students. Is it a form of Open University or a grouping of 
courses delivered through the entire UK University system with 
travelling scholars, or is it ad hoc lectures delivered by peripatet-
ic lecturers or is it akin to the apprentice schemes?   
I would imagine most of us in the laser community see laser engi-
neering as one of the most promising "enabling technologies" and 
would love to play our part in supporting this adventure for the 
training of engineers, at all levels, in this new technology.  We 
have some good M.Sc(Eng) courses to offer at Liverpool as part 
of the collection.  Best of luck, Len 
Professor Bill Steen 
Liverpool University

The virtual university of BAe described briefly by Len Cooke is 
surely to be welcomed by everyone involved in the acquisition, 
use and dissemination of knowledge, whether in industry or aca-
demia. Working together has always been the key to the develop-
ment of modern technology and BAe has for many years had an 
enviable reputation for such ventures. 
I wince a bit at the use of the word "university" – for a start, a real 
university is authorised to grant degrees. On the other hand the 
institution to which I belong, Imperial College, does not actually 
have "university" in its name, so it’s an upside down world!  
My first reaction is:  great idea, fantastic opportunities for BAe 
personnel, excellent contribution by BAe to education and train-
ing, should be supported by all and 10 out of 10 for initia-
tive…………not so keen on the name.  
Professor Chris Dainty  
Imperial College

BAe’s Virtual University
Len Cooke 
Sowerby Research Centre
"We have entered an era in which as never before, learning has 
become a catalyst for success for individuals, teams, companies 
and societies.  To respond to an ever changing environment indus-
try must adopt a new approach to learning".
The above is a quote from Dr. Geraldine Kenny-Wallace, 
Managing Director and Vice Chancellor of the recently formed 
Virtual University of British Aerospace. The VU is British 
Aerospace's new approach to learning for all its employees, with 
training ranging from NVQ's to PhDs and was founded, from the 
outset, to create strategic partnerships with academia.
The VU is a distributed organisation and is structured into five 
main units.  In addition to a Best Practice unit and an International 
Business School the University has a Faculty of Learning which 
aims to create and sustain an integrated curriculum of learning 
and development programmes through which BAe staff can 
increase their capabilities in an environment which supports 
learning.
The faculty of Engineering and Manufacturing Technology aims 
to develop and sustain excellence in core engineering capabilities 
and to acquire and transfer critical enabling technologies in col-
laboration with the Business Units of BAe. This faculty will have 
strong links with the Sowerby Research Centre which is itself one 

of the units of the VU. The role of the SRC within the Virtual 
University is to provide a central resource towards the identifica-
tion, acquisition and delivery of technology in response to busi-
ness needs.  In this respect the Research Centre will continue to 
work very closely with Universities to develop and exploit the 
technologies needed to ensure BAe's growth.  Collaboration is 
central to Sowerby's philosophy. We have participated in over 
fifty major collaborative research projects and have taken a lead 
in many of them.
Partnerships are also a central strategy for the Virtual University.  
The VU will seek to work closely with Universities to offer edu-
cation and training programmes that contain a balance between 
academic content and the unique requirements of the Company.
Some of the teaching partnerships already developed are an MSc 
in Advanced Systems Engineering (Salford University), MSc in 
Safety Critical Systems Engineering (York).  There are also IGDS 
Masters programmes delivered in partnership with Warwick and 
Bristol Universities.  In addition to these courses, which are for 
the benefit of BAe personnel, the Research Centre employs some 
25 - 30 summer and sandwich students, both Undergraduate and 
Postgraduate each year to undertake industrial research projects.  
The Research Centre also supports a large number of PhD case 
students.
For more information contact R. L. Cooke, e-mail Len.Cooke@
src.bae.co.uk

The UK Training and Education Initiative

COMMENTS     Personal views from real universities…

to assess where Canada stands compared to the US, Germany, the 
UK and Finland, all of which have statistics on lasers.
"When you have new technology like a laser it’s hard to know 
how and where they are being used," Bisset said. "We need to 
educate plant personnel so lasers are used properly. We need real 
feedback from industry." To that end, the LKN is in the process of 
setting up a website and determining if e-mail can become a pri-
mary communication tool for the industry and researchers.

Bisset said that manufacturers avoided lasers previously because 
they required more intellectual power and were far more expen-
sive to use than conventional cutting devices. "Now that they have 
a taste for it (companies) are getting into it." LKN can help these 
corporations in their decision-making process by providing the 
economics of taking on laser technology. "You can’t ask manufac-
turers to spend capital unless they make money … The payback 
is explained before they get into it."
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Dr Ken Watkins will lead the Laser Engineering Group at 
Liverpool University on the retirement of Bill Steen in September 
1998. In a move that stabilises the future of the laser activity at 
Liverpool, a new management structure has been agreed that 
promises continued growth and significant developments in the 
activity in the coming years.
In addition to leading the Group and specialising in laser surface 
treatments and novel processes, Ken Watkins will be Director of 
the new Laser Engineering Centre (LEC) at nearby Lairdside 
which will form a new interface with industry and is currently 
funded to the extent of £2.5 million.
Bill O'Neill, who has been recently appointed EPSRC Senior 
Research Fellow, will co-direct the Group and will develop fur-
ther the laser cutting and micromachining fields. A new lecturer 
will be appointed to specialise in laser welding and/or novel laser 
based processes.
Bill Steen will remain as Professor Emeritus, Chair of a newly 
appointed Board of Advisors, Chair of the Board of Directors of 
the LEC and Principal Consultant. Len Cooke of BAe has been 
appointed visiting Professor and will also sit on the Board of 
Advisors. Geoff Dearden will manage the LEC and the Group 
technology transfer activity. Peter Oakley and Alison Marshall 
will act as consultants to the Group.

A new Centre for the use of 
lasers in medicine (including 
Photodynamic Therapy and 
laser based techniques for 
the early diagnosis of can-
cer) has been established in 
collaboration with the chari-
ty Lasers for Life  and 
Neville Krasner of Aintree 
Hospital Trust.
In addition to the emphasis 
on research developments 
and industry links, signifi-
cant innovations in the 
teaching of laser engineering 
are proposed.
Bill Steen said, "I am 
delighted that a new struc-
ture that ensures the future of the Group at Liverpool has been 
agreed and feel sure that old friends and new will feel confident 
in working with the Liverpool team".
Further details on Laser Engineering at Liverpool can be found 
at www.lasers.org.uk 

Liverpool Laser Engineering Group decides its future

Ken Watkins takes charge of the 
Liverpool University laser group

Oxford Lasers have recently developed a new add-on module for 
their LM100 copper laser which provides the user with the unique 
ability to convert fundamental wavelengths (511 nm and 578 nm) 
by means of frequency doubling or sum frequency mixing, thus 
complementing the existing capability range of the visible or 
green/yellow light spectrum.
The LM100 is principally designed for precision micromachining 
and in this field the new UV module provides the opportunity to 
work with materials that are difficult to process using visible 
light. This includes the processing of plastics and polymers and 
significantly increases the range of applications that can be car-
ried out by this laser. Output specifications at 271nm, 255nm, 
289nm include an average power of 1W, 0.8W and 0.4W, respec-
tively, at 6 kHz PRF.
The UV module enables the machining of high precision surface 
features with accurate depth control. The high pulse repetition 
rate of the laser is ideally suited for direct writing of features with 
CNC control, thereby eliminating the need to first produce a suit-
able mask - as is often required by an excimer laser.
In other applications the UV module allows direct pumping of 
tuneable dyes and laser crystals with absorption in the UV. In 
some cases this can simplify the complete tuneable laser system 
and is invaluable in many scientific research programmes includ-
ing the measurement of OH in the atmosphere.
There are also many high speed imaging applications that would 

benefit from the use of this new device, with the additional advan-
tage that it can simply be added on to many existing Oxford 
Lasers CVLs.  High  speed time resolved LIF analysis of combus-
tion is a typical application.
The UV module has been developed with technical assistance 
from Macquarie University, Australia under a recently signed 
license agreement.

Unique development using UV wavelengths to enhance laser operation

UV laser hole drilling with a copper vapour laser



This spring saw the commissioning of what is believed to be the 
largest laser welding system to go into a UK sub-contractor. The 
6 kW laser was installed by Electron Beam Processes, Chertsey, 
primarily for gear welding.
“We see the same possibilities for the laser that we saw for elec-
tron beam welding 25 years ago,” said Peter Vincent. “There are 
lots of people who could use the process but not justify the 
expense of purchasing equipment.” 
The laser has been integrated by EBP into a four axis vertical 
machining centre, with the focusing head replacing the machine’s 
cutting spindle.  The workhandling system gives three axes of 
linear movement of 500 mm cube and a fourth rotary axis.  It will 
also accept a beam switching device for a second workstation to 
be added later.
“We are aiming to produce 1000 parts a day during the first year 
of operation, to be increased to 2000 during 1999 with a second 
workstation and double shifting,” said Vincent. “About one third 
of that output will continue to be by electron beam welding, with 
two thirds by laser welding.  Batch sizes will typically range from 
50 to 300, with the main customers being manufacturers of off-
road and construction vehicles, agricultural plant, marine gear-
boxes and racing cars.”
A powerful 6 kW laser was chosen so that weld depths of 6-8 mm 
can be obtained at economic welding speeds. Electron beam 
welding will continue to be used for welds of greater depth 
because although there are lasers that would do the job, they are 
reckoned not to be cost effective for low volume welding.
EBP believe laser welding machines to be intrinsically more reli-
able than their electron beam and have the advantage of not being 

constrained by the chamber size or pump-down time. Electron 
beam welding has its own distinct advantages over other methods; 
in particular, its more precisely focused beam gives better access 
to weld zones than can be achieved by laser. Also, exotic materials 
such as Nimonics, titanium and high-nickel alloys are best welded 
in a vacuum. EBP see the laser as complementary and bringing a 
new level of cost effectiveness to applications where electron 
beam welding is marginal.
The £300,000 the company is investing on the laser welding 
installation is part of £500,000 being spent on the new transmis-
sion components facility. This includes equipment for cleaning 
gears and other parts supplied to it for welding and for inspection 
and non-destructive testing after welding.
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Griffin Coatings, originally based in Wrexham, has now moved 
to the Newquay site of Davin components. This brings the new 
CNC lens manufacturing equipment and advanced coatings under 
one roof. The General Manager at Newquay is Andrew Hedges.
In a separate announcement Bob Chilton, previously Managing 
Director of Davin Optronics, has taken over from David Holland 
in preparation for David’s retirement in October 1998.  David will 
continue to contribute at Main Board level.

A technology co-operation and distribution agreement has been 
signed between Rofin-Sinar UK Ltd and Lasertechnics Marking 
Corporation, Albuquerque, USA.
Lasertechnics provides laser marking systems and related tech-
nologies for a diverse range of industrial and commercial markets 
and Rofin-Sinar UK Ltd, the newly formed UK company, is cur-
rently involved in developing Rofin-Sinar’s new range of sealed 
low-power CO2 lasers.
The contract covers the supply of lasers from Rofin-Sinar UK and 
future technical co-operation for the design and continuing devel-
opment of the Lasertechnics’ range of BlazerJet™ dot matrix 
marking systems. It also deals with joint co-operation for distri-
bution of Lasertechnics’ products in Europe and the Pacific Rim.

The new laser welder at Electron Beam Processes

Electron Beam Processes Ltd move into laser welding

British Steel has launched ‘Lasersure’, a new range of branded 
hot rolled strip steels with stay-flat properties for precision pro-
cessing. They claim that Lasersure steels remain virtually distor-
tion free during handling and fabrication, including high-speed 
automated laser, oxy-plasma and mechanical cutting processes.
British Steel validates and licenses steel service centres to pro-
duce Lasersure sheets from Lasersure coil under a trademark 
license agreement. Lasersure sheets are also available directly 
from British Steel Strip Products.
Designed specifically for use in industries where flatness is essen-
tial, the range consists of several structural grades of material: 
Lasersure HR4, Lasersure S235, Lasersure S275 and Lasersure 
S355, together with equivalent strengths from the Tenform range. 
These are now available in a variety of standard gauges (3 mm to 
8 mm) and widths (1000 mm to 1830 mm) from stockists licensed 
by British Steel.
To achieve optimal laser cutting performance, high quality cut 
edge and an excellent surface quality and appearance the levels of 
silicon and impurities are kept consistently low. To guarantee 
flatness of components cut from Lasersure the mechanical prop-
erties of the steel, are controlled during manufacture, as are the 
de-coiling and levelling processes.
The Lasersure range will be expanded to include hot rolled pick-
led and oiled products.

British Steel launches Lasersure Consolidation at Davin 

New Rofin agreement on marking
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Members’ new products

Precision Optical Engineering can now supply their interferome-
try customers with the Frame Master, automatic fringe analyser, 
from Oxford Framestore Applications.
Fringe Master provides powerful, cost-effective fringe analyser 
technology by combining advanced digital imaging hardware 
with the latest software, Pentium power and proven fringe analy-
sis algorithms.
Already at work in Government laboratories, universities and 
industry, Fringe Master can be used with existing interferometers 
to automatically analyse and track fringes. Optical Path Difference 
(OPD) analysis can also be completed automatically with the 
software computing the deviation of the interferogram from the 
best fit reference plane. The OPD can be displayed in 3-D false 
colour, exported to spreadsheets or transformed for input to ray 
tracing and propagation software.
Fringe Master can also provide a hard copy report for QA record 
keeping.
New product launch at CLEO
POE will be launching a brand new phase shifting system for 
their Interfire 633 at CLEO. 
Further info: Ian Johnstone Tel: 01462 440328  Fax 440329

To enhance their existing product range, Rocotech have arranged 
three new UK sole agency agreements:
Germanow-Simon 
Germanow-Simon are one of the leading companies in state of the 
art plastic optics manufacture. A large range of standard products 
is available, including aspherics, fresnel, diffractive and cylindri-
cal lenses. These can be supplied in a range of materials as either 
circular or rectangular components. More complex custom 
designs can also be undertaken.
Millennium Lasers
Millennium’s sealed CO2 lasers include highly innovative fea-
tures such as high integrity sealing technology for longer life, 
power range from 3 to >200 W, tube exchange, pulse and super-
pulse operation, excellent beam quality and low running costs. 
Typical applications include cutting/profiling (plastics, wood, 
cloth, paper and rubber), heat treatment (various materials), per-
foration (paper and polymers), welding (plastic films), soldering, 
engraving/marking, drilling and surgery.
Equilasers Inc
Equilasers EDW-15 is a Nd:YAG desktop laser that has been 
designed specifically for precision low energy miniature and 
micro-miniature joining of metal parts. Used largely in dental, 
medical and electronic applications, this versatile production tool 
is easy and economical to operate. It uses internal cooling and 
requires only household 230 V AC power. Output is 15 W with 
pulse energy up to 12 J. Optional video camera and monitor for 
viewing the welding process is available.
Further info: Colin Thomas Tel: 01753 890809

Rocotech’s new agency agreementsNew frame master from POE

Humming Bird for Tartan Army
AG Electro-Optics have recently reached an agreement with 
Advanced Photonic Systems to distribute the new COLIBRI 
Cr3+LiSAF Femtosecond Laser in the UK and Ireland.
COLIBRI, German for hummingbird, is a small sized, high per-
formance laser with passive modelocking. Delivering a stable 
pulse of shorter than 80fs and with a fixed central wavelength of 
840±10nm the laser achieves an output power of more than 
100mW at a repetition rate of 100MHz.
The COLIBRI laser is developed as a hands off device suitable 
for both industrial and scientific applications. To achieve this 
flexibility several new carefully designed and proprietary features 
guarantee the easy generation of transform limited femtosecond 
pulses without the need of further adjustments. With only diode 
lasers as a pump-source the COLIBRI offers a small, rugged and 
efficient solution for many applications and innovatively address-
es customers’ needs.
CLEO exhibition
At this years CLEO exhibition AG Electro-Optics Ltd will be 
exhibiting an outstanding range of optics, lasers, fibre-optics and 
imaging products including: a live laser beam profiling demon-
stration; ultra fast picosecond pulsed visible lasers; specialist 
optics; helium neon lasers; laser power and energy meters; laser 
safety eyewear; a comprehensive range of laser dyes.
We will also be giving away a number of free gifts at the stand 
which will prove useful in brightening up your office.
Further info: Dylan Abbott Tel: 01829-733305

Are you exhibit- ing at 

CLEO Europe?
The UK fought hard to secure this 
year’s venue for 
CLEO Europe in 
Scotland.
This major laser and elec-
tro-optic conference will be 
held in the Scottish Exhibition a n d 
Conference Centre, Glasgow. The 
exhibition attached to the conference takes place 
between the 15th and 17th September 1998.
The event has been successfully staged in Europe on two previ-
ous occasions - Amsterdam in 1994 and Hamburg in 1996.
As of 29 August the exhibition space was almost sold out but 
there were still some spaces left for AILU members. 
Further info: Howard Belcham Tel: 01883 713164, Fax 717459
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Oxford Lasers have launched a packaged system featuring a high 
power pulsed solid state laser, a 1 K X 1 K high resolution digital 
camera and VISIFLOW® image capture software running on a 
PC configured with a digital frame grabber.  This rugged, afforda-
ble and simple-to-use system is targeted at both development and 
QC applications.
For more demanding research applications, information will be 
available on high-framing rate cameras and copper vapour lasers.
Further info: Gideon Foster-Turner Tel: 01235 554211

WAS THIS MAGAZINE 
ADDRESSED TO YOU?

We pack The Industrial Laser User with lots of prac-
tical articles covering the full range of topics of inter-
est to industrial laser users. This is a magazine you 
will want to keep for future reference.
Membership of AILU is only £50 a year for second 
and subsequent members of an organisation. 
Members receive their own copies of the magazine, 
free on-line access to technical information and 
advice plus a wide range of discounts on meetings.
For further information contact Liz on 01235 
539595 or e-mail liz@ailu.org.uk

Pockels’ Cell Drivers
The Analog Modules 8200 Series Solid-State Pockels’ Cell 
Drivers provide continuous high voltage pulses for applications 
such as controlled Q-switching of solid-state lasers.  Adjustable 
pulse outputs to -3.5 kV (Models 8205/8209) or 6 kV push-pull 
(Model 8208) are available with rise times as low as 20 ns (Model 
8209). The compact size (5.12" x 5.08" x 1.62"), ease of use and 
rugged design make the 8200 Series and ideal choice to meet the 
dependability requirements of your laboratory Q-switch driver 
applications.
Flashlamp power supply
The new Analog Modules Model 864 Flashlamp Simmer Power 
supply has an output power rating of 60 W and provides an 
adjustable open circuit voltage of up to 1500 V and an automatic 
trigger pulse suitable for driving the primary side of an external 
type trigger transformer. After lighting the flashlamp, the Model 
864 maintains an adjustable, regulated current of up to 500 mA 
through the lamp. Other features include a post-flash-boost mech-
anism and a ‘simmer on’ indicator to prevent the lamp from 
extinguishing between PFN pulses. The Model 864 is powered 
from 22-32 VDC and can drive lamps of up to 300 v within the 
supply’s 60 W power rating
Detector heads
The new F100A-HE1 detector head from Ophir Optronics covers 
the spectral range 0.19-0.7 µm and can repeatedly withstand up to 
several hundred J cm-2 in millisecond or longer pulses. This  
much higher damage threshold than for ordinary volume absorb-
ers makes it ideal for measurements on high energy ruby and 
alexandrite lasers. It can also be used for erbium lasers at 2.94 
µm. 
Ophir also now offer OEM pyroelectric heads specifically 
designed for DUV photolithography. Pulse rates up to 1000 Hz 
can be measured and calibration is performed at 248 and 193 nm. 
Ophir also offer a new meter for measuring the peak power, 
designed for pulsed laser diode lasers operating at 904 nm or 850 
nm with peak powers in the range 2 W to 200 W, pulse rates from 
tens of pulses per second to 20,000 Hz and pulse widths from 
under 10 ns to 200 ns.
Further info: Mike Dockney  Tel:01908 326326

Optilas optoelectronics

New high speed digital PIV and  
imaging system package acquires data 
on sprays and other high speed events

Renishaw invite you 
to spend a day in the 
country and earn 
15% discount for 
your company!
This year Renishaw 
celebrates its 25th 
Anniversary and to 
mark this milestone 
they are holding a special Open House to be held at their UK head 
office in the heart of the Gloucestershire countryside.
From Wednesday 22 September until Friday 25 September, they 
will be opening their doors for seminars, product demonstrations 
and tours of their widely acclaimed machine shop. There will also 
be the opportunity to see a brand new factory extension being 
formally opened in September 1998.
As a ‘thank you’ to all visitors who take time to attend the Open 
House and share in the celebrations, they will be presenting a 
special 15% discount voucher valid until 30 November 1998.
Further info: Sonia Faulks Tel: 01453 524126  Fax: 524102 

Open days at Renishaw



9

Members’ News

Issue 12  August 1998 The Industrial Laser User

It's 8:00am and I'm sitting at my desk with a cup of coffee 
in one hand and a finger of the other poised on the power 
switch of my PC. Will my life be saved by a timely power 

cut? No, the PC hums into life, logs me onto my electronic mail 
client and spews out my tasks for the day. Who ever said that IT 
would revolutionise the way we work failed to appreciate just 
what a device for managed servitude the technology would 
become. 'You have 36 unread messages' says my task master. 
The fact that this is an improvement on yesterday's 58 messages 
fails to impress. 
9:00am arrives and the workers with the questions are now at 
work: the phone will beckon at any moment. Will it be for advice 
to a member of the public worried about bungee jumping near 
power lines or perhaps an industry enquiry about the need for 
laser users to have eye examinations carried out by a laser? I try 
to be as helpful as I can but am always conscious of lapsing into 
inspector 'techno-babble'. Communication is what the Health and 
Safety Executive is about and getting the safety message across to 
people is one of the great challenges HSE inspectors face. Talking 
to people about a subject I hold dear, thereby improving safety in 
the workplace, is both a privilege and immensely enjoyable.
Those who regard HSE as just a regulator and enforcer of the law 
are missing the point. HSE's role is primarily about the control of 
safety and health risks and not about wielding the judicial stick by 
'running a company in' for a statutory contravention. Recourse to 
the courts and issuing enforcement notices are sometimes neces-
sary, but the primary task of HSE and of the legislation it enforc-
es is to empower and encourage employers to deal with their own 
work-related health and safety problems. 
With these principles in mind I deal with my first phone call of 
the day, listening to the caller's questions carefully and making 
sure that I give the answers he or she seeks in a way that makes 
the requirements clear. To date, this approach has always worked 
and no caller has ever complained that I have been unhelpful. 
This may just be British politeness or the appreciation that, even 
when an HSE inspector lapses into 'techno babble' or prevaricates 
on a legal point, understanding his advice never gets any harder 
than reading a Rail Track timetable or filling out an Inland 
Revenue self-assessment form! 
By mid morning I'm fully awake and ready to leave the electron-
ic mail system for a bit and move onto something in the work 
plan. Yes, even in HSE we have work plans. For me, dealing with 
the workplan usually means writing something. There's always 
some guidance to author or to comment on and lectures and pres-
entation material to prepare and, of course, letters to answer. 
Letters are increasingly written by people who claim to be too 
busy to learn how to use a computer but they should realise that 
it's also true that electronic mail users are becoming too busy to 
print out replies and lick envelopes. These die-hard paper users 
will be remembered in the same way as the accountants that 
advised Wells Fargo to carry on investing in its fast horse breed-
ing programme rather than in telegraph operator training! 
As a specialist inspector, my role is to provide HSE with the nec-
essary radiation safety technical competence to meet its regulato-

ry obligations and advi-
sory objectives. Since 
most regulations origi-
nate in the European 
Union this often means 
providing technical 
support to policy sec-
tions in the form of 
commentaries on direc-
tive proposals or on the 
technical strengths and 
weaknesses of a pro-
posed UK negotiating 
position. In this regard, 
one of the truths I have 
had to learn is that tech-
nical opinion is always 
subordinate to political 
opinion: policies must be workable rather than right. 

It’s lunchtime, a break and  a time for a chat with colleagues about 
the trials of the day. Working in HSE is like living the life of a 
bookworm feeding on Encyclopedia Britannica: it's an organisa-
tion that recruits people from every discipline; scientific and 
technical, engineering, medical, educational and classical, and 
everyone of them has learned to apply their skills and knowledge 
to occupational health and safety matters. Consequently, lunch-
time conversations with colleagues can be very educational. 
By the afternoon, the phone is beginning to become a nuisance, 
and I'm desperate to find an entry in my work plan against which 
I can log the time it's consuming. As the day wears on I begin to 
wish that this had been a day out of the office. As a HQ specialist, 
I get less opportunity to complete inspections than my field col-
leagues. So far as inspection is concerned, I certainly don't miss 
those difficult employers who insist that you are a meddlesome 
government official intent on taking away their livelihood. 
I remember one day during my training period in Plymouth 
where, when I got back to the office, I had to report to the princi-
pal inspector that I had not been able to complete an inspection at 
a company in a very parochial bit of Cornwall because I couldn't 
find anything in the Health and Safety at Work Act that gave me 
statutory rights over a brace of Alsatian dogs. The dogs in ques-
tion had given chase to me following their owner's command 'get 
the **** off my premises'. The principal inspector sympathised 
but said that a real HSE inspector confronts adversity head on: he 
suggested that next time I should ensure that the legislation in 
question was firmly affixed to the inside of my trousers. I learned 
later that I had a right to enter the employer's premises 'at any 
reasonable time' but nonetheless I resolved never to try this man-
tra on unleashed dogs! 
I make a point of not thinking about the day's achievements; this 
is depressing since there is always scant progress against the 
dreaded workplan. But I have filled the day constructively and 
helped a few people to deal with their problems or at least to 
laugh a little at this article. 

A Day in the Life of .....

Steve Walker
A light hearted insight into the trials of the UK’s HM principal specialist inspector in ionising and non-ionising radiation 
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The quiet revolution in Ireland, which has gave birth to the 
so-called Celtic Tiger, began perhaps a generation ago. 
The birth of Laserform is typical of the many indigenous 

companies which have been established and developed during 
this period. Let me tell you a little about Laserform by way of 
illustration
The original company was founded in Drogheda in 1968 by Joe 
Mc Ardle. Joe was a Diemaker & his business was producing 
Steel Rule Dies for the Packaging Industry in Ireland. The tech-
nology included some drawing instruments, a jig-saw & various 
hand operated bending tools.  
In 1981 I purchased a controlling interest in Laserform (then 
known as Joseph Mc Ardle Ltd.). In 1982 we commenced the first 
phase of a major development programme by installing our first 
CO2 laser. This used a 400-watt source supplied by Ferranti of 
Dundee. We used the laser to cut dieboards. To my knowledge this 
was the first industrial laser installed in Ireland. Today it is still 
working 80 hours per week. In 1984 we established a sister com-
pany in Stockport UK. Today that company employs 30 people & 
uses two CO2 lasers in the production of steel rule dies.
The period 1982 to 1990 saw a rapid growth of our die business 
and by the end of the decade we had a total of three CO2  lasers 
in production.

Birth of the profiling division
As fate would have it, by late 1989 we found ourselves with 
excess laser capacity in our die business. This occurred as a result 
of a major French customer of ours deciding to install his own 
laser. Following much deliberation, the decision was taken to 
establish a laser profiling operation, and so in January 1990, com-
mencing with a second hand MFK 1 kW CO2 laser located in a 
4000 sq. ft building, our profiling business was born.
The first six months was a difficult learning experience. We had 
much experience of cutting plywood but none of metal.  The idea 
of using an assist gas such as oxygen or nitrogen was foreign to 
us. However, following a visit to a UK based laser profiling 

sub-contractor many lessons were learned and we were re-vital-
ized. From then on our business started to grow.
Today we have six lasers in operation with four of these in 
Drogheda. Two are used exclusively in our die manufacturing 
business and two in our metal profiling business. The profile work 
has been relocated to a 10,000 sq. ft. building since April 1996, 
together with a high definition plasma. Many of our customers 
require a choice between laser and plasma for profiled parts. 
A total of 16 people are employed in our profiling division. In 
1996 we established a metal fabrication division and today this 
employs an additional 10 people. In total we employ 54 people in 
Ireland & 30 in the UK.  
All of our businesses are growing rapidly. We believe that our 
commitment to providing excellent service to our customers at 
competitive prices is the key to our success. Our employees are 
highly motivated and committed to this goal. We have been ISO 
9002 approved since 1988, the first diemaker in the world to 
achieve accreditation.  
Providing the customer with an excellent product and service 
requires more then technology: it demands good systems, highly 
motivated and trained staff, strong organization along with team-
work. We are also committed to the Japanese philosophy of 
KAIZEN - progress through Continuous Improvement.  The 
objective is perfection. The journey is Endless!

Sub contract laser profiling in Ireland -  
the early years
The Irish market for sub-contract laser profiling, North and South, 
is different in many respects from the market in the rest of Europe. 
Many of the traditional drivers of demand for laser profiled parts 

Sub-Contract Laser Profiling  
in Ireland
Sean Mac Entee
Laserform(IRL) Ltd

Possibly the first industrial laser installed in Ireland. Today it is still work-
ing 80 hours per week. 

Laserform’s 1 kW Ferranti laser used for cutting dieboards
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do not exist here.  These would normally include military, yellow 
goods, motor and aircraft related industries.
This absence perhaps helps to explain why the Irish market for 
laser profiling really only took off in 1990. We have several very 
large OEMs who have been using lasers in production process for 
several years. In 1990 three Irish based companies, in Waterford, 
Dublin & Drogheda, offered sub-contract laser profiling for the 
first time. Each adopted very different strategies. One did it by 
way of a joint venture with an established UK based sub-contrac-
tor.  Another decided to start small and go it alone. Laserform 
decided to build on its experience in the laser die business. Since 
then, there have been several additional market entrants. 
The early days could be referred to as the ‘missionary years’ i.e. 
get out and spread the faith. Many prospective customers needed 
to be convinced that laser processing was the right choice. Most 
products had been designed with a different production process in 
mind. However, laser’s outstanding advantages of zero tooling 
costs, low price at low volume, excellent edge quality and quick 
turnaround of orders won it many admirers and numerous cus-
tomers. All of the Irish sub-contractors have, I believe, seen their 
businesses grow rapidly in the intervening years.

Sub-Contract Laser Profiling  - Today
With the rapid growth in the economy, most Irish manufacturing 
businesses appear to be thriving today. With average economic 
growth rates of 8% p.a., Ireland is the envy of its industrialized 
neighbours. Hopefully the Celtic Tiger will not end up in the 
Taxidermist’s workshop!  
Several Irish sub-contractors, including Laserform, have realized 
the need to widen their activity base. In our case this has meant 
the establishment of a sheet metal fabrication division.  The idea 
behind this was to become a ‘One-Stop Shop’ for our customers.  
Depending exclusively on laser profiling is, I believe, a dangerous 
strategy. The more one can do for a customer the greater will his 
loyalty be to you. In addition, due to time constraints and trans-
port cost, the scope for exporting profiled parts is limited.  
However, a finished product offers much more scope for export-
ing. Investment in lasers must also be complimented by invest-
ment in material handling, CAD-CAM and especially people.  
Customers demand quick response on quotations, reliable and fast 
deliveries, dimensional accuracy, good edge quality and above all, 
value for money.

Sub-Contracting - The Future
Sub-contracting is the future. As technologies become more spe-
cific, the advantages of using a competent sub-contractor grow.
Material profiling by laser has established itself as an attractive 
option for many Irish manufacturers. The market will hopefully 
grow and develop. Laser systems are becoming more numerous, 
sophisticated & productive. Increasing demands for shorter lead 
times will probably see companies moving to continuous produc-
tion and perhaps, in some cases, un-manned night operation.  
The technical journals extol the virtues of Nd:YAG, Diode & 
Excimer laser types. We are offered 3,4 & multi-axis systems; the 
choice is endless. However, unless we make investment decisions 
offering real benefits to our customers we will undo much of the 
gains of the past 8 years. Sub-contract welding & heat treatment 
are future opportunities but I believe that such laser applications 
are not as well suited to sub-contracting as cutting because of such 
issues as transport, material handling and workplace clamping.
Laserform is customer driven. It works with existing and prospec-
tive customers to identifying  appropriate solutions to problems.  
We endeavour to offer innovative solutions to old problems.

New Grange  A Post Script
Near our factory is the historic 
megalithic tomb of Newgrange.  
Built over 4000 years ago (500 
years before the Pyramids in 
Egypt) it is a testament to the engi-
neering capabilities of our ancient 
forefathers. On the mornings of 
the winter solstice, rays from the 
rising sun penetrate a light box 
over the entrance and travel up the 
length of the passage to illuminate 
the back wall of the burial cham-
ber. It’s a type of pre-historic laser 
system!
During the 80’s Laserform brought many UK based potential 
customers to its premises in Drogheda to try and convince them 
of the advantages of doing businesses with a young ambitious 
Irish Company.  Many were sceptical about our ability to provide 
a sophisticated service based on  laser technology. However, a 
tour of Newgrange combined with a timely commentary on the 
technical sophistication of our forefathers usually helped change 
their preconception of Ireland as a country famous only for food, 
music, scenery & sporting heroes.
Presented at Make It With Lasers, Dublin May 1998

Megalithic tomb at Newgrange

Laserform’s latest acquisition; a 2.6 kW turbo profiling laser system  
supplied by Trumpf

Sean Mac Entee qualified as an elec-
tronics engineer in early 70's from 
University College Dublin and 
obtained an M.Sc. from Birmingham 
University in communication sys-
tems. In1977 he took an MBA and 
gained first hand experience of work-
ing with owner managed businesses. 
In 1981 he bought a shareholding in 
Laserform (then Joseph Mc Ardle 
Ltd). Sean has seen the company 
grow to a total of 90 people in 
Drogheda & Stockport.
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Laser jockeys will be aware that attempting to remove per-
sistent dross attachment by increasing the oxygen pres-
sure leads to the uncontrolled side burning. So it is that 

high speed gas jets are generally restricted to inert gas laser 
cutting and not laser oxygen cutting. 
In my first article in this series I discussed the operating charac-
teristics of low speed gas jets. I pointed out that for oxygen, nitro-
gen and air, when the chamber pressure exceeds 1.9 bar then  
shocked flow occurs. When cutting steel plates less than 10 mm 
thick it is usual to operate at pressures above 1.9 bar in order to 
effectively remove the adherent dross and in such cases shocked 
flow is a fact of life and must be accommodated.

De Laval nozzles 
Convergent-divergent nozzles are often called de Laval nozzles 
after the Swedish engineer Carl G. P. de Laval, who first used 
nozzles of this type in steam turbine applications in the late nine-
teenth century. Little did he know that his nozzle configuration 
would be essential to the development of jet engines in the latter 
portion of this century. 
As gas flows through a convergent-divergent nozzle the cross 
sectional area (A) of the nozzle first decreases to a minimum (the 
throat) and then increases again. This causes the velocity (u) of 
the gas to vary. The relationship between u and A depends on the 
speed of the gas, or more precisely the Mach number M (the ratio 
of the stream velocity to that of the local velocity of sound), as 
shown in Figure 1 below. 
The annex below gives the essential equations for the variation of 
gas pressure, temperature and velocity (Mach number) through a  
convergent-divergent nozzle. In the convergent part of the nozzle 
the flow is accelerated reaching Mach 1 at the throat. In the diver-

gent part of the nozzle the gas expands isentropically, reaching 
supersonic speeds at the exit. 
Using the equations in the annex, Figure 2 plots the variation in 
Mach number, gas pressure and temperature with distance along 
the x-axis. In figure 2 the subscripts "e" refer to conditions at the 
nozzle exit.  It is important to note that the only case of superson-
ic shock free flow occurring in the nozzle is when the value of pe/

Laser Cutting Practice II: 
High Speed Gas Jets

Dr Bill O’Neill
University of Liverpool, Department of Engineering

Figure 1. Flow in converging and diverging nozzles for subsonic (left) 
and supersonic  flow. The different behaviours illustrated follow directly 
from the Continuity Equation (see annex)
In subsonic flow the result is the familiar one with the velocity increasing 
as the area decreases. The reverse is true in supersonic flow. Figure 2.  Supersonic flow in a de Laval nozzle

Bill O’Neill’s work on nozzle designs for laser cutting are part of his general aim of generating technological 
developments for the next generation of laser cutting machines.  These machines will be almost fully automated.  
His vision includes full automatic alignment and set-up, with full process control and the use of new jet config-
urations for optimum performance.  This article discusses the basics of high speed nozzle design, the first step 
toward a super laser cutting machine.

Issue 12  August 1998
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p0 is optimum, hence supersonic nozzles are designed for a single 
pressure ratio (with high tolerances on the permissible pressure 
fluctuation).

Nozzle Design and Operation
At this point it is useful to offer some numerical values that would 
enable the reader to design a high speed nozzle for cutting appli-
cations. Rather than compute the nozzle parameters In Table.1 I 
have included various design parameters for high speed, Mach 
Number M, pressure ratio p0/p (chamber pressure/atmospheric 
pressure), and expansion ratio A/A* (exit area/throat area). One 
can clearly see that achieving Mach 2.5 requires considerable 
pressure ratios which are only really feasible with high pressure 
cutting systems.  

Here is the procedure for designing a high speed nozzle:
Step 1: Choose your Mach number, bearing in mind that a higher 

Mach number will require substantial pressure ratios 
which you may not be able to generate without re-design-
ing your gas installation, I suggest a maximum of 2.5.

Step 2: From equation 2 (see annex) or Table 1 determine the 
expansion ratio A/A*. For example, when M = 2.5 and γ 
= 1.4 (the value for Air, Nitrogen and Oxygen), an expan-
sion ratio of 2.63 is needed i.e. the area of the exit is 2.63 
times the area of the throat.

Step 3: From equation 3 or Table 1 determine the operating pres-
sure. For example, when M=2.5 the pressure ratio is 17.9  
i.e. the cutting gas pressure will be 17.9 bar assuming 1 
bar atmospheric pressure in the job-shop.

Step 4: Nozzle length and geometry. Unfortunately we do not 
have simple expressions that relate nozzle geometry or 
length.  As a rule-of-thumb assume that the length of the 
nozzle from throat to exit is 1.5 times the exit diameter.  
This gives reasonable results that are good for Mach num-
bers less than 3. Detailed calculations are necessary for 
the computation of the internal geometry; however, for 
low Mach numbers one can assume a linear slope between 
the throat and the exit.

Step 5: Having determined the major dimensions, we can now 
sketch out the cross section of the nozzle as shown in 
Figure 3 below.  The entry profile is not critical as long as 
there is a smooth transition towards the throat and the 
throat area is burr free.

The reader may also like to think about gas consumption in such 
high speed nozzles and consider the benefits that increasing cut 
quality brings with respect to economic performance. When 
choosing the Mach number of the nozzle there are no hard and 
fast rules about performance gains as a function of Mach number.  
Studies of this kind are presently being pursued at The University 

of Liverpool. A full description of the nozzle geometry (i.e curva-
ture and length) is only possible with the aid of three dimensional 
computational fluid dynamics code (CFD). 
When machining the nozzle it is important to consider the toler-
ances on nozzle surface finish because a rough nozzle or a nozzle 
with  sharp edges is likely to result from shocked flow and poor 
performance. In fact the tolerances on manufacture are extremely 
high but information of this kind is difficult to obtain. As a rule-
of-thumb, surface discontinuities within the nozzle or at the exit 
(i.e. surface digs or burrs), must not be greater than 0.1% of the 
exit diameter.  Hence a nozzle diameter of 1.5 mm will tolerate 
surface imperfections no greater than 1.5 µm. 
One can see that good high speed nozzles are difficult to manu-
facture given these tolerances and the need to obtain smooth 
transition from the contraction through to the exit region.  In fact 
it is not unusual to polish the internal bore with diamond paste to 
ensure smooth walls.  Small irregularities that are present tend to 
produce shock fronts in the flow which alter the downstream 
properties of the jet. As a consequence, nozzle damage resistance 
is rather low, although this is alleviated somewhat by larger stand-
offs of several mm which can be accommodated quite easily using 
de Laval jets.  It is a good precaution to treat a de Laval nozzle no 
worse than you would treat a laser  optic. 
The operating pressure of the nozzle must also be held to close 
tolerances. For effective operation the operating tolerance on 
pressure is usually in the range 2-3% of the design pressure for a 
well designed and well manufactured nozzle. Operating outside 
this limit will usually produce over or under-expanded jets, or 
shock fronts that lie somewhere inside the expansion region. In 
this respect, good quality two-stage regulators will minimise 
delivery pressure fluctuations. 
When using  a de-Laval nozzle in an inert gas cutting application 
you will typically see up to 25% improvement in speed, although 
the main advantage is the widening of the operating window and 
much reduced dross attachment which provides significant sav-
ings in post process working. The main reasons for the perfor-
mance improvements are still being investigated but are closely 
associated with the high speed flow properties within the kerf, 
especially those associated with boundary layer separation.  
I hope the reader will take the plunge and investigate the perfor-
mance of a de Laval nozzle on their own machines.  In the mean-
time, if you have any problems associated with high speed noz-
zles please contact me.  Good luck !

 M P0/P A/A*
 1 1.89 1
 1.5 3.61 1.17
 2.0 7.8 1.67
 2.5 17.9 2.63

Table.1 High speed nozzle design parameters 

Length  = 3.94 mm or  1.5 x Exit  diameter

Exit diameter 2.3 mmThroat diameter = 1mm

Figure 3.  Sketch of a de Laval nozzle from the example calculation

Continued on page 16
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The basic ideas and equations behind high speed nozzles
For a quasi-one dimensional nozzle (i.e. one with a narrow rectangular 
cross section in the direction of gas flow, where only the narrow dimen-
sion  changes through the nozzle) the relationship between cross secve-
locity relation for flow is given by the Continuity Equation:

(1)

In equation 1, A is the local cross sectional area of the nozzle, u the local 
velocity and M the local Mach number. 

Flow through a convergent-divergent nozzle is shown in Figure A1. For 
a gas to compress isentropically from subsonic to supersonic velocities is 
must first be compressed to sonic velocities and then expand to achieve 
supersonic velocities.

In designing a high speed or de Laval nozzle it is useful to have the aid 
of mathematical relations that link the main variables of interest. In the 
simplest case we assume a perfect gas, isentropic flow and a quasi-one 
dimensional nozzle. If we denote the conditions at the throat of a nozzle 
to be M*(=1), local velocity u*, throat area A*. At any other section of 
the nozzle the Mach number, local area and velocity are given by M, A, 
u respectively. Applying the continuity equation, the principle of conser-
vation of momentum, and the conservation of energy for steady qua-
si-one dimensional flow in a convergent-divergent nozzle gives:

(2)

Where γ is 
the ratio of specific heats  at constant volume and pressure of the gas in 

question. For air, oxygen and nitro-
gen,  g = 1.4. Also

(3)

(4)

where T0 and p0 are the stagnation temperature and pressure respectively, 
and T and p are the local temperature and pressure values in the flow 
field. Equation (2) is called the area Mach number relation, and it tells 
us that the Mach number at any point in the nozzle depends on the ratio 
of the exit area to the area of the nozzle throat; it is central to the design 
of a de Laval nozzle.

The area Mach number relation gives a subsonic and a supersonic value 
values of M for A/A* > 1 as shown in figure A2 below. The boundary 

conditions determine whether a nozzle is operating in a subsonic or 
supersonic regime. 

Figure 2 in the main text shows the flow through a convergent-divergent 
nozzle under optimum conditions. The case when pe/p0 is not optimum 
is shown in figure A3. For subsonic flow through the nozzle there are an 
infinite number of isentropic solutions where both pe/p0 and A/At are the 

controlling factors for the flow properties at any given point in the noz-
zle. This is in direct contrast with the supersonic case in figure 2 where 
there is only one isentropic solution for a given nozzle. 

What about mass flow? In inert gas cutting it is important to increase the 
mass flow of the gas jet to remove the melt from the kerf and produce 
clean cuts. For the case shown in figure A3 the mass flow increases as  pe Figure.A1  Flow in a convergent-divergent nozzle.

Figure.A2. Plot of the area Mach number 
relationship  which clearly shows the 
supersonic and subsonic branches. 

TECHNICAL ANNEX

Me3
Me2
Me1

Pe1/P0
Pe2/P0
Pe3/P0

Figure.A3   Subsonic flow in a de Laval nozzle. Here the pressure ratios are decreasing for 
three cases, labelled 1 to 3 in the figure. The convergent part of the duct compresses the gas to 
higher velocities reaching  its maximum at throat where it reduces as it passes through the diver-
gent section. Decreasing the pressure ratio to case 3 produces a situation where the flow is com-
pressed such that it barely reaches M = 1 at the throat. 
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decreases.  Mass flow rate is given by:

(5)

When pe is reduced to pe3 sonic flow is achieved at the throat, then:

(6)

Reducing pe further does not increase the Mach number at the throat, as 
dictated by equation (1).  The flow properties at the throat become frozen 
when pe < pe3. This condition after sonic flow is achieved at the throat 
is called choked flow and the mass flow remains constant as shown in 
figure A4. Compared to a simple conical nozzle, the divergent duct 
downstream of the throat causes pe3/p0 to increase until the value neces-
sary for choked flow is reached.

A lot of things are happening in the divergent portion of the nozzle duct 

when pe is reduced below pe3 though figure A4 does not tell us a great 
deal about it. In particular, when pe is reduced to the value given by 
figure 2c then a supersonic isentropic solution is possible, and for exit 
pressures above this value and below pe3 a normal shock exits in the 
divergent section of the nozzle as shown in figure A5. When the exit 
pressure is reduced to pe4 there is a region of supersonic flow from the 
throat to the shock, after the shock  subsonic flow exists. As the exit 
pressure is reduced the shock moves downstream towards the nozzle exit.  
It will sit at the nozzle exit when pe = pe5 as shown in figure A6.  

Referring to figure A6, if pe6 is the design pressure of the nozzle, repre-
senting the boundary conditions for isentropic supersonic flow, the 
design Mach number will be achieved at the nozzle exit. If the down-
stream pressure pB is slightly greater than pe6 but less than pe5, figure 
(A6d), the increase to back pressure takes place across an oblique shock  
attached to the nozzle exit. This situation is called overexpanded. The 
condition when the exit pressure is higher than the back pressure, pe6 > 
pB, is shown in figure A6e; the flow is said to be underexpanded as the 
flow is capable of additional expansion via expansion waves in the flow 
after the nozzle exit. 

When pB = pe6 the nozzle is said to be perfectly expanded and the jet is 
supersonic at the design Mach number.

Figure A4.  Variation of 
mass flow rate with exit 
pressure, choked flow.

Figure.A5   Shock wave inside a de Laval nozzle

Normal shock

Flow

subsonic isentropic solution

subsonic isentropic solution

supersonic isentropic solution

Figure A6.  Shock and expansion waves at the exit of a supersonic nozzle.
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Summary
This article has attempted to explain the operating performance of 
high speed nozzles. It is clear that the design of a nozzle is large-
ly dependent on the expansion ratio and the operating pressure 
ratio. Nozzle manufacture must be closely monitored to ensure 
perfect expansion without shock. There is insufficient space to 
discuss the performance of high speed flows in laser cutting as 
little work has been carried out in this area to offer the reader a 
complete picture. Although in general high speed nozzles offer 
much greater standoff distances, better cleanout efficiency and 
above all higher cutting speeds. Work has begun at Liverpool to 
develop full 3D design parameters for high speed jets and to 
assess their performance in laser cutting applications. I hope to 
provide the reader with a complete picture once this programme 
of research is complete.  In the meantime happy nozzle making !
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Super-Nozzle to the Rescue? 
I was intrigued by the concept of the shock-free de Laval nozzle 
when I first heard of it – but I was far to chicken to try it. I didn’t 
know how to make it and didn’t know the tolerances to pressure 
variation or contamination. Now that metal forming technology 
has advanced towards the accuracy needs of a Laval it should be 
quite possible to NC grind a mandrel for a precision spark-eroder. 
The cost of these nozzles should not be exorbitant.
Bill’ trials look encouraging. They show that the nozzle can be 
made and used. OK, so the maths is a little daunting but once you 
have calculated the right shape for the right pressure that agony 
would be over. The real test comes when they are used on the shop 
floor. Can we keep them clean enough and work within the pres-
sure range? A simple test before cutting might be the direct meas-
urement of the impinging gas pressure on a workpiece (the true 
cutting pressure). We have to keep our lenses clean and scratch-
free so why not our nozzles?
The bottom line is: what are the overall costs and productivity; 
what about reproducibility of the product; what is the improve-
ment in product quality? These are now the key questions – and 
all power to Bill’s elbow while he answers them. Even if manu-
facturing in the UK is under pressure this sort of work must be 
supported. We will only be able to retain our place in the compet-
itive manufacturing arena if we have a superior technology pro-
ducing high quality goods with financial efficiency. Laser cutting 
is just such a technology.

Brooke Ward   Europtics Partnerhip

Bill’s article  reminded me straightaway to my undergraduate time 
at Culham Laboratory, learning all about nozzles, chocked flow 
and shocks. Bill has managed to summarise the important points 
of the theory in a concise manner.
In laser cutting, the advantage of a correctly operating Laval noz-
zle is that high cutting pressures close to the reservoir pressure, 
can still be achieved at large stand–off (several mm). This reduces 
the risk of nozzle tip damage.
Laval nozzles are expensive to make because of their required 
precision, and I imagine that each and every nozzle must be tested 
after manufacture, to document its exact operating pressure. Here 
could be a problem: different cutting applications (i.e. different 
thicknesses and different materials) require different cutting pres-
sures and therefore a different Laval nozzle. I doubt if it is practi-
cal in a busy job shop to keep changing delicate nozzles all the 
time. My work with Brooke Ward showed that the pressure on the 
workpiece is the most important parameter for cutting up to say 5 
mm thick steel: high pressure means high cutting speeds. It is 
possible to achieve around 80% or so of the reservoir pressure 
onto the workpiece, using conventional conical nozzles at small 
stand–off, and more if the standoff is further reduced. Would it not 
be cheaper to replace simple, expendable circular nozzle bits?
There may well be specialist applications, such as high pressure 
inert stainless steel cutting, where De Laval nozzles could have an 
advantage over conventional nozzles. I remember not long ago at 
Culham when I was in charge of cutting thousands of small slots 
in several 11 m long stainless steel tubes, which had to be totally 
dross free because after–machining was impossible! (CERN’s 
Large Hadron Collider prototype segments, see The Industrial 
Laser User Issue 5, Nov 1996). I used conventional nozzles at the 
time (and managed to do the job to CERN’s satisfaction), but I 
would have loved to try out de Laval nozzles!

Jim Fieret   Exitech Ltd

COMMENTS
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Diamond exhibits a range of 
properties which make this 
material a key and unique 

component in many fields of modern 
technology.  Compared to other known 
materials, diamond is the hardest and 
stiffest, has a broad transmission spec-
tral range (from the ultraviolet to the 
far infrared and extending to micro-
wave frequencies), has the highest ther-
mal conductivity at room temperature, 
one of the lowest thermal expansion 
coefficients and is radiation hard and 
chemically inert to all acid and base 
reagents.
The uses of diamond as an abrasive and 
cutting tool material, exploiting its 
extreme hardness and wear resistance, 
have been long recognised and constitute 
the basis of a relatively mature industry.  
In contrast, up to now only a few of its 
other properties have been extensively 
exploited due to the relative scarcity, 
limited size, lack of controlled purity and 
high cost of both natural and synthesised 
diamond single-crystals.  The cost of 
large natural single crystal windows 

made from natural diamond is far too high for commercial 
or scientific applications, as they would have to be cut from 
very large, high-quality rough stones, which are sold for 
polishing into valuable gems.  The largest and the most 
spectacular natural diamond product ever made was a win-
dow 18.2 mm in diameter and 0.11” 2.8 mm thick used for 
the main pressure cell of the Pioneer Venus probe launched 
in August 1978.
Recent progress in Chemical Vapour Deposition (CVD) 
synthesis technology has made it possible to manufacture 
very high quality polycrystalline diamond components of 
large dimensions, either as flat plates (for windows, heat 
spreaders or wear parts) or 3-dimensional shapes such as 
domes.  The ability to manufacture CVD diamond as a reli-
able and robust engineering material at a viable price is 
opening the way to the use of this material for numerous 
technically demanding applications.
The CVD diamond material referred to here is synthesised 
by microwave assisted plasma deposition, using precursors 

CVD Diamond: a new engineering material  
for high power laser applications

Ricardo S. Sussmann
De Beers Industrial Diamond Division (UK) Ltd

Fig 1  Optical grade CVD diamond window, 100 mm in diameter and 0.7 mm thick.  The window has 
been polished to an optical finish on both sides.  This is an example of the type of optical window that 
is currently possible in commercial CVD diamond.

Fig 2 Examples of CVD diamond hemispheres 70 mm diameter, ranging in thick-
ness up to 2.3 mm.  The surface of the dome on the left hand side of the picture 
has been processed to a smooth surface finish.  Diamond domes and other 
shapes are potential candidates for optical components required to operate, for 
example, in high-speed flight and illustrate the versatility of the CVD process in 
its ability to synthesise diamond in 3-dimensional shapes of relatively large 
dimensions.
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such as methane, oxygen and hydrogen.  The diamond is deposit-
ed on a suitable substrate from which it is removed at the end of 
the synthesis run.  The resulting bulk CVD diamond plate can be 
subsequently cut to size and polished to the desired surface finish 
and flatness using proprietary technology.

Depending on synthesis process conditions, CVD diamond plated 
can be made in a range of ‘grades’ with properties optimised for 
specific applications.  Optical grade CVD diamond, for instance, 
exhibits the highest optical transparency and is routinely made in 
discs up to 120 mm diameter.

Optical Transmission of Diamond
The bottom curve of the two transmission spectra in Fig 4 is for a 
polished optical grade sample 1.0 mm thick measured in the 
UV-Visible range.  For comparison, the transmission of a high 
quality single-crystal natural Type IIa sample only 0.5 mm thick 
is also shown. For wavelengths beyond the fundamental cut-off at  
220 nm the transmission rises to reach values close to the theoret-
ical value of approximately 71%, limited by the inherent reflec-
tance of the sample surfaces.  At shorter wavelengths there is a 
reduction in transmission which can be partly attributed to scatter-
ing and, close to the fundamental edge, to a bulk absorption mech-
anism.
Maximum theoretical transmission in the IR is 71.4% for a refrac-
tive index value of 2.38.  Beyond the intrinsic multi-phonon 
absorption bands (between 2.6 µm and 6.7 µm) the transmission 
of the CVD specimen is almost at the maximum reflectivity-lim-
ited value and is identical to that of single crystal Type IIa sam-
ples.  In other work we have extended the range of the transmis-
sion spectrum to 500 µm (= 20 cm-1) showing that there are no 
measurable absorption features within that range.

Fig 3  (left) Scanning Electron Microscope (SEM) micrograph of the as-grown surface of thick optical grade CVD diamond layer, showing that the grain 
size is between 100 µm and 250 µm and that the grains are well intergrown with very clean boundaries.  There is a significant degree of twinning, 
which is typical of this type of material grade.
(right) Fracture cross-section of the same plate (thickness 2.3 mm) showing that the material is well intergrown and free of voids

Fig 4  UV-Vis transmission spectrum for an optical grade CVD diamond 
sample 1.0 mm thick compared to that of a natural Type IIa single crystal 
window measuredwith a Perkin Elmer Lambda 19 UV-Vis spectrometer.

Fig 5  Transmission spectrum of the same optical grade sample, but in 
the 4000 cm-1 to 400 cm-1 spectral range.  It was measured with a 
Perkin Elmer 1760X FTIR interferometer which has been calibrated so 
that the transmission values are accurate to approximately +/- 1%.

Glossary
What’s with all this ‘cm-1’ stuff?

The units ‘cm-1’ (referred to as wave numbers) are quite com-
monly used in infrared spectroscopy in place of wavelength. 
The relationship is:
wave number (cm-1) = 1/wavelength (cm) in vacuum
Thus, a wavelength of 10.6 µm is equivalent to 943 cm-1.
The cm-1 unit is also used for quoting absorption coefficients. 
For example, if a material has an absorption coefficient of  
0.1 cm-1 at a particular wavelength the power in the laser beam 
will fall to e-0.1 = 90.5% in travelling through 1 cm of it.
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Calorimetric measurements at a wavelength of 10.6 µm have been 
performed in order to obtain more accurate values of the absolute 
absorption coefficient of typically 0.07 cm-1 with a minimum 
measured value of 0.029 cm-1.  It is not clear if these values are 
affected by surface absorption or by scattering (resulting in a 
greater effective optical path within the sample) and this issue is 
currently being investigated.  The influence of scattering on 
image distortion (measured for instance by Modulation Transfer 
Function) at infrared wavelengths is, on the other hand, very 
small.

High power laser windows
A common problem for windows used in high power lasers is that 
of thermal distortion of the beam caused by thermally induced 
refractive index gradients as the window is heated by the transmit-
ted beam.  It is expected that this problem will be minimised if the 
window material has a high thermal conductivity, a low absorp-
tion coefficient and a low value of the temperature coefficient of 
the refractive index.  The table below compares the values of 
these quantities for diamond and ZnSe at 10.6 µm wavelength.

The potential advantages of diamond for this application are fur-
ther illustrated in Figs 6 and 7, which show the result of 2-D 
computational modelling of the thermal and refractive index gra-
dients of a diamond and ZnSe window, both AR coated on both 
surfaces and cooled at the edge, when traversed by a 10.6 µm 
wavelength, 5 kW CO2 laser beam.
Although ZnSe has a much lower bulk absorption coefficient, 
most of the heat is absorbed in the AR coatings, leading to sub-

stantial surface heating.  For the diamond window the total tem-
perature excursion is 2.5 °C compared to over 20 °C for the ZnSe 
case.  This implies that the effective refractive index change in the 
CVD diamond will be approximately a factor of 40 smaller that 
for the ZnSe window.  When the difference in thickness of the two 
windows is taken into account (a typical ZnSe window is 6 mm 
thick compared with 1 mm for a typical CVD diamond one), there 
is a factor of approximately 240 difference in the change of effec-
tive optical paths from centre to edge, predicting a much larger 
thermal lensing effect in a ZnSe window for the same laser beam 
power.

Conclusion
The ability to manufacture CVD diamond as a reliable and robust 
engineering material at an economic price is opening the way to 
the use of diamond for novel and technically demanding applica-
tions.  
For example, the low value of optical absorption and dielectric 
loss coupled with the high thermal conductivity allows the use of 
CVD diamond windows for high power laser and microwave 
beams with minimal beam distortion and heating of the window.  
CVD diamond plates of large dimensions and of very high quality 
are now being manufactured and are available as commercial 
products.  It is possible to produce plates up to 160 mm in diam-
eter and over 2.0 mm thick as well as 3-dimensional shapes such 
as 70 mm diameter hemispherical domes.
CVD diamond behaves as a reliable and reproducible engineering 
ceramic.  The strength of CVD diamond appears lower than that 
of single -crystal diamond, but is still considerably higher than 

 CVD diamond ZnSe 
  optical grade
Thermal Conductivity  2,000 17 
(W/m K)
Absorption Coefficient  0.1 - 0.03  ~0.0005 
at 10.6 µm(cm-1) (typical: 0.05)
Absorption of AR   0.1 0.1 
coating per surface (%)
Temperature Coefficient 10 57 
of refractive index (10-6 K-1)

Fig 6  Predicted thermal gradient in ZnSe and a CVD diamond window 
produced by a 5 kW CO2 laser beam.

Fig 7b 
Predicted radial 
dependence of 
the increase in 
effective optical 
path in the ZnSe 
and CVD dia-
mond windows, 
corresponding to 
Fig 6

Fig 7a 
Predicted radial 
dependence of 
the maximum 
average tempera-
ture excursion in 
the ZnSe and 
CVD diamond 
windows, corre-
sponding to Fig 6

Comparison of window properties for CVD diamond and ZnSe
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Now we have CVD diamond!  I am drooling with anticipation.  
What aspect ratio (D/t) windows can be produced?  What is the 
elastic fracture limit? Could you combine a window with a high 
pressure co-axial jet near the end of a 10kW mirror focusing 
head? If so, we could really look at the potential for high power 
laser cutting - as long as you have a decent beam quality.  How 
about it Howden? And what about replacing the gas-dynamic 
window of those high-power lasers with a simple small diamond?
Another thought is to exploit the high thermal conductivity of 
CVDD.  If it is far better than copper, then an intimate coating on 
a copper mirror before sputtered a gold coating might produce a 
high-power (>5 kW) laser cavity mirror that would suffer much 
less thermal distortion, leading to improved beam quality! 
It's a pity that CVDD seems to have a highish absorption at 5 µm.  
If this hadn't been so I would have been tempted to suggest twin-
ning the material with Zinc Selenide for an achromatic lens design 
to cover the wide spectral output of the CO laser! Never mind, 
maybe sapphire or ZnS could be used if the demand arose. 
I wish De Beers the best of luck with their new product and sim-
ply ask that if they make any serious money from the above sug-
gestions, please remember the source. 
 Brooke Ward       Europtics

Diamond certainly seems to have some very attractive properties 
for components in high power CO2 laser systems. To enable 
exploration of potential applications, some extra data would be 
useful, namely: Youngs Modulus, Poisson’s Ratio and the co-effi-
cient of thermal expansion. Enough data is provided to show that 
the thermal-lensing properties of diamond are excellent, and obvi-
ous potential applications include avoidance of ‘aerodynamic 
windows’ in very high power lasers, and as sealing windows in 
reflective beamexpanders. Eventual applications may be limited 
by available thicknesses (can lenses be made, or only windows?), 
cost, and the fact that surface durability will be limited by the 

optical coating.
Nick Ellis and David Greening         V&S Scientific

Normally, diamond optics were only used for military purposes, 
where cost was not the prime concern. The attraction of using 
these windows for industrial lasers are their low thermal distor-
tion, lower absorption and high strength. A drawback is still the 
cost, but this has dropped in recent years with the ability of com-
panies like De Beers to manufacture high quality, cost effective 
CVD diamond optics. I think that there will be much more use 
made of this technology in the future for commercial lasers.
Tim Holt   Rofin Sinar
This article shows an excellent example of CVD diamond win-
dows, not only for high power CO2 lasers but also for many other 
optical applications. After more than a decade’s research and 
development CVD diamond products are becoming a practical 
reality and industry is beginning to benefit from the extreme prop-
erties of CVD diamond. Our own experience at GEC-Marconi 
Caswell  shows an increased interest in our diamond products 
including IR windows, high power CO2 laser windows, heat 
spreaders for high power laser diodes, diamond grids for electron 
microscopy, diamond substrates for SAW devices, diamond ATR 
elements and diamond devices for space applications.
Recently two most important applications have emerged for CVD 
diamond: high power CO2 laser windows and microwave win-
dows for gyrotrons and klystrons. Both applications involve high 
power radiations and require optical windows with maximum 
transmission and very high thermal dissipation characteristics. 
Diamond is the only material with exceptional high thermal con-
ductivity and optical transparency which outperforms any other 
materials for these applications.
Masood Ahmed

Issue 12  August 1998

COMMENT

alternative IR window materials such as Ge, ZnS or ZnSe.
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Many laser users have had considerable experience in 
the operation and maintenance of industrial lasers 
and equipment.  For someone familiar with the 

mechanical side of laser equipment, removing a lens, dismount-
ing it and remounting a new lens seems a straightforward pro-
cedure. What is often not so well understood are the possible 
laser performance problems that may occur later can be traced 
back to the apparently ‘simple’ procedure of mounting a high 
power industrial laser optic.

Mounting an industrial laser lens looks like a simple job.  But is 
it? Zinc Selenide (ZnSe) which is the material most commonly 
used for industrial lenses, is a polycrystalline material, which is 
relatively soft and has an easily stressed crystal structure. Small 
imperfections in the metal mount where it contacts the lens, or in 
the mounting ring within the lens mount, can produce stress 
points and actually distort the crystal structure and the surface of 
the lens. Other possibilities are metal particulates (plentiful in 
most factory environments) that may contaminate the lens mount 
and, most commonly, applying too much pressure when tighten-
ing the mounting retaining rings and mounting screws.
Pin-point stress in ZnSe can cause a whole host of performance 
problems, ranging from aberrations in the focus point, changes in 
spot size and location, inability to obtain a normal tightly focused 

point, to chipping and even fracture of the optic when it is placed 
under the thermal load of the laser beam.

Let us do it for you!
The problems itemised above can be avoided by having your 

optic supplier mount your optics in new optical mounts, or have 
your new lenses mounted in your own mounts shipped with your 
order. With years of experience, special tooling and testing equip-
ment, skilled laser optic technicians can guarantee your laser 
optics will be mounted in a manner that gives optimum perfor-
mance and lifetime.  Just what you should expect from quality 
laser optics!

Unwanted and unnecessary mechanical stresses are a major cause 
of early lens failure, and this fact is little recognised. Excessive 
mechanical forces usually occur from either, or both, of two con-
tributions, these being compression of the lens perimeter and 
excessive clamping force on the surface(s). When a contaminat-
ing particle (on the upper surface) seems to have caused failure 
and 'burnout', often the lens was anyway poised to undergo cata-
strophic failure through these other causes of stress.
The lens mount design can be a source of mechanical stress. 
Mounts having too small a clearance on diameter, or curved spac-
ers/clamp rings, can be a major source of problems for the unwary 
user. 
To the extent that professional mounting can help overcome the 
problems caused by bad mount design, the II-VI proposal of lens-
mounting (in the USA?) has technical validity.
An industrial laser user can generally avoid problems by follow-
ing a simple guideline:

1. Ensure that old process or other debris is cleaned-up before 
re-installing a new lens.

2. Ensure that the lens diameter is a 'free' fit in the lens mount.
3. Clamp to a maximum of about 0.5Nm. Remember that the 

compressive force on the lens will typically be 100x (or 
more) of the force used to tighten the clamp ring. (An inex-
pensive dial torque wrench can be purchased, and a simple 
clamping adapter made to suit, for those who would like to 
be sure of not overclamping).

I think that the promotion is in error in one respect. Residual 
‘point’ contamination gives rise only to very localised stress bire-
fringence. Point contamination can determine the location of 
cracks if the lens is overstressed, but it is not normally a cause of 
‘failure to focus’. Lack of correct function is due to stress birefrin-
gence through the bulk of the material, and is caused by overtight-
ening or edge compression as detailed above.
Experienced laser users do not, in general, overtighten lenses. 
These experienced users are, perhaps, nowadays promoted to 

To Mount – A Challenge
Gareth Rowles, II-VI UK Ltd

COMMENTS: To Mount - A Response

I love diamonds!  I was first introduced to them in the late  60s 
when I was shown a diamond sorting office. Rows of tables, each 
with three ladies seated under carefully controlled lighting condi-
tions.  At the side of each lady were two full-size two gallon gal-
vanised buckets FULL of natural, unsorted, non-industrial dia-
monds!  There they were sorting them into mackles and flats, 
twins and octos, blue, yellow and white!  It went on as far as the 
eye could see - and there were two more floors to the building full 
of people all doing the same thing!  I then read Tolansky's paper-
back on Diamonds - yet another memorable experience. I recom-
mend it as bedtime reading to you all, especially the story of the 

cutting of the Culinan Diamond in Amsterdam. 
My next encounter with that magnificent elemental form was 
when developing the fly-cutting technique for producing copper 
mirrors for high power CO2 lasers.  A simple radiused tool of 
gem-quality diamond in an air-bearing fly-cutter produced spher-
ical and plane OFHC Copper mirrors with a quality and damage 
resistance better than anything else available at that time. It was 
the exceptionally low coefficient of friction and high thermal 
conductivity as well as the enormous strength of the diamond that 
made all this possible. 
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running the operation, while the lenses are fitted by burly young 
chaps who do weight training and eat iron bars. A bit of extra 
muscle can reduce lens lifetimes from weeks to hours.  Shrinkage 
of a tight lens cell (by cooling), and expansion of the lens (by laser 
heating) can also cause catastrophic failure within hours of instal-
lation and use.
It is no co-incidence that representatives of the system manufac-
turer who supply the problem lens mounts tell end-users, 'Only 
lenses from us are any good'. An effective sales pitch, but absolute 
twaddle!  Using the mounting guidelines above, lenses from any 
reputable manufacturer will work perfectly well, and reduce costs 
for the end-user.
V&S Scientific provide a free guide to solving problems at the 
focus. Please contact me for a copy.
Dr Roger Wood (Cosolas) and I have discussed a possible project, 
hopefully funded, to obtain quantitative values for the effects of 
stress and resulting lens failure, with the aims of improving mount 
design, extending optical lifetimes and guiding relevant Standards. 
Again, if anyone is interested, could they let me know? 
David Greening and Nick Ellis, V&S Scientific

We at Coherent Optics Europe welcome Gareth’s article high-

lighting the impact lens mounting can have on system perfor-
mance. Some additional comments we feel may be of interest to 
readers are as follows:
1. Given the risks involved there is certainly value in users hav-

ing an experienced optics company remount their lenses.
2. The major source of problems comes from the mount distort-

ing the surface figure of the optic. Often due to a surface 
within the mount being insufficiently flat, the optic turns from 
being a precision made optic to more of a crisp shaped optic.

3. Stress birefringence can also be a problem but it is generally 
localised to where there is a ship or a large dig in the optic. If 
it is a result of aging then it affects the whole optic. Stress 
birefringence distorts the focus of the optic because of the 
optical inhomogeneity.

4. Sometimes the problem can be aggravated by old mount 
designs, where these have not been modified to take account 
of increasing gas pressure. Some old mounts push on the optic 
with four posts causing major stress at high pressure.

The most important aspect is to be aware of all factors which 
affect system performance, so one is not needlessly throwing 
away capability.
Coherent Optics

A project aimed to bring a new optical product into the 
general laser-cutting marketplace started on 1 July 
1998.

Dual focus lenses, made from ZnSe, were developed and used in 
trials for cutting thick-section steels and wood (eg. Dieboards), 
using CO2 lasers of moderate power. A technical paper from the 
FORCE Institute (Denmark) describes the initial work, and is 
available to AILU readers who complete the Survey Form below.
This new optical technique has given good results, with speed and 
quality improvements over the use of conventional lenses. 
Cleaner, deeper cuts are possible. Clean burr-free cutting of stain-
less steel up to 15 mm thick is possible at 2.8 kW power. Improved 
cutting has also been found on 8 mm and 10 mm thick aluminium 
at 2.8 kW power. The upper focus (at the top surface) provides the 
power density to initiate the cut, and the lower focus ensures con-
tinuation of a clean cut through the material.
Wood up to 50 mm thick showed clean, straight, perpendicular cut 
quality. Improved processing of thick ceramics is also envisaged, 
but this is yet to be tested as of mid August 1998. Market prices 
will be established at the end of the project, and are likely to be 
about 50% greater than the cost of an ordinary meniscus lens.
Advantages (from initial studies)
• Cleaner, deeper, faster cuts in thick section steels
• Clean, deep cuts in aluminium
• Clean, deep cuts in inert-gas-assisted cutting
• Reduced gas usage in inert-gas-assisted cutting
• Less process sensitivity to de-focus. (Important in flying-optics 

systems)

V&S Scientific is one of the partners in the EU funded project and 
we have the task of providing an initial market survey. The survey 
takes the form of 2 questions (see box below). We would be grate-
ful if interested readers could answer the questions and email or 
fax their reply. For survey purposes, respondents will then be 
registered as having shown an interest in dual-focus optical tech-
nology and as a token of our appreciation, respondents will 
receive a free copy of the technical paper by Dr Nielsen.

Dual Focus Lenses: A New 
Approach to Laser Cutting

Paul MacLennan, V&S Scientific Ltd

Simple Questionnaire on Dual Beam Focusing
1. Are you likely to have a requirement in your organisation for 

dual focus lenses? (circle appropriate answer)
No Possible Fairly likely Very likely

2. In your activity/organisation, what do you estimate to be the 
fraction of conventional optics that may be replaces by 
dual-focus optics in the long-term?
0-2% 3-5% 6-15% 16-25% >25%

Any other comments appreciated (add a separate sheet)
Please attach your name and address and state the main activity 
of your organisation.
email (paulm@vssales.demon.co.uk) or fax (01707 662726) your 
response to me. Many thanks,  Paul MacLennan
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The automotive industry is continually striving to improve 
product performance and fuel efficiency by reducing the 
weight of the vehicle. The development of tailored blanks, 

where flat sheets are butt-welded together and then formed into 
components, has proved to be extremely beneficial in this indus-
try sector by weight saving and reduction in costs.
Currently three joining processes are being used to weld tailored 
blanks in production, i.e. mash seam welding, high frequency 
welding and laser welding.
Laser welding is becoming the favoured process particularly for 
more critical applications where good strength and cosmetic 
appearance is the requirement. These features mainly come about 
because of the laser’s ability to weld at high speed with minimal 
disruption to the parent material or its coatings. Laser welded 
blanks have a potentially wider application than those produced 
by alternative technologies.
The majority of laser tailored blank welding systems are based 
around the carbon dioxide laser source, mainly because until 
recently, other laser types were not available with adequate power 
output to achieve the required throughput. The present state of the 
art for CO2 laser blank welding was well covered in Craig Bratt’s 
article ‘Laser fabrication of tailored blanks’ in the last issue of The 
Industrial Laser User (Issue 11, pp18).
Recent advances in the industrial Nd:YAG laser has resulted in a 
significant increase in the power available, currently in excess of 
3.5 kW at the workpiece. The main attribute of these lasers is the 
improved beam quality (25 mm.mrad); this allows transmission of 
the laser output through a fibre optic of reduced diameter, typical-
ly 600 µm and an increase in working distance (the distance 
between the workpiece and focusing lens) and depth of focus, 
allowing greater tolerances to variations in workpiece or motion 
system positioning.
This article outlines the typical performance attainable for tai-
lored blank welding of steel and aluminium alloys using the new 
Lumonics MultiWave Auto, a laser with all of the attributes 
discussed above. To meet the needs of high volume manufactur-
ing this new design incorporates distributed control electronics, 
allowing a level of monitoring and diagnostics never before seen 
in an industrial laser. Novel cooling techniques permit the use of 
higher temperature factory cooling water for most of the cooling 
requirement, reducing running costs by as much as 20% when 
compared to more conventional Nd:YAG lasers.

Tailored blank welding of steel sheet
Welding trials carried out with MultiWave-Auto‰ laser have 
shown that, for dissimilar sheet thicknesses  (0.8 mm+1.8 mm 
zinc coated steel) it is possible to achieve weld speeds of up to 14 
m/min with a nominal spot size of 0.45 mm. With a larger spot 
size of 0.60 mm, a welding speed of 11 m/min for the same mate-
rial combination can be attained. A typical cross section is shown 

in Figure 1. As the spot size is increased, the tolerance to gaps is 
also increased, i.e. a 0.45 mm spot can accommodate up to 0.10 
mm joint gap, but increasing the spot to 0.60 mm permits a max-
imum joint gap of up to 0.20 mm.
All of the above welding trials were carried out with the standard 
guillotined edges. The mechanical properties of the welds were 
excellent, ultimate tensile strength equal to the parent material 
and elongation of 94-96%. Erichsen cupping test produced frac-
ture heights of 11 mm as opposed to 12.5 mm for the parent 
material (i.e. 88% of parent material). The test produced a fracture 
parallel to weld direction. These results are very promising, par-
ticularly for tailored blank applications, where welding speed, 
joint fit-up, mechanical properties and the weld profile are all 
critical factors. 

Laser costs
Currently, CO2 laser welding represents roughly 60% of the tai-
lored blank welding market. Before installation of new technolo-
gy, where a high capital investment is required, the economical 
benefit of pursuing, a particular route needs to be justified. For 
Nd:YAG laser technology, economic advantages are likely to be 
found in high volume automated systems.
The capital cost of this high power Nd: YAG laser is comparable 
with a 6 kW CO2 laser, but the basic operating cost of the laser is 
almost 50% greater than for the CO2 laser. However, whereas the 
CO2 laser requires expensive helium gas to suppress the plasma 
which otherwise blocks the laser from reaching the surface to be 
welded, the Nd:YAG laser welds without shield gas and this dif-
ference largely offsets the higher basic operating costs. Once the 
higher welding speed (11 m/min) of Nd:YAG is compared with 
the typical 7 m/min of the CO2 laser, then the actual cost per unit 
length weld with a Nd:YAG laser can be over 25% lower than for 
a CO2 laser. These capabilities, along with the simpler beam 
delivery of the YAG laser, have lead to rapid uptake of this tech-

Nd:YAG Laser Tailored Blank Welding

Mohammed Naeem
Lumonics Limited

Figure 1 Butt Joint in 0.8 / 1.8 mm thick
     Zinc Coated Steel, Welding Speed 11m/min
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nology for tailored blank welding, with several systems already 
being adopted for production applications.

Tailored blank welding of aluminium alloy sheets
Laser beam welding, a well established technique for tailored 
blank welding of steel is also of special interest for aluminium 
alloys because the competing resistance welding technique has 
particular difficulties with these materials. However, aluminium 
alloys have also been notoriously difficult to weld using lasers, 
due to problems related to their high surface reflectivity, high 
thermal conductivity and, for some alloys, low boiling point con-
stituents. These and other material related issues have led to weld 
degradation in mechanical properties and inconsistent welding 
performance. 
To understand and control these problems, an extensive pro-
gramme has been conducted at Lumonics to weld aluminium 
alloys with high power Nd:YAG lasers. Laser welding of 5000 
(Al-Mg) and 6000 (Al-Mg-Si) series aluminium alloy sheet in 
butt and overlap weld configurations has been carried out, with 
and without filler wire additions, to examine crack sensitivity, 
porosity and mechanical properties.
Briefly, the results show that the increased average power of the 
new industrial Nd:YAG lasers can offer a versatile option for tai-
lored blank welding of aluminium alloys, one which is less 
dependent on surface preparation than conventional welding. An 
example of such welding is shown in Figure 2. Formability results 
are also encouraging; some tensile strength failures occurring 
away from the weld region indicating that the requirements of 
failure in the parent material for tailored blank welding of steel 
sheet are close to being met in laser welding of aluminium alloys. 
This improvement has been achieved by using filler material and 
optimising laser and process parameters.
The results of this investigation demonstrated the potential of 
using a high power Nd: YAG laser with fibre optic beam delivery 
for high speed welding of tailored blanks for steel and aluminium 
alloys sheet respectively.
Further work in high power Nd:YAG laser processing is being 
carried out within the ‘Exploitation of High Power Laser 
Processing’ programme at TWI. This programme is supported by 
the Department of Trade and Industry and a number of UK indus-

trial partners from the aerospace, automotive, heavy vehicle, 
shipbuilding and power supply industries. The three-year pro-
gramme consists of processing trials with an average power of 10 
kW at the workpiece using several combined Lumonics 
MultiWave-Auto lasers. The development system consists of 
three separate lasers with the fibre optic outputs coupled to inves-
tigate welding, cutting and surface treatments. Further details 
about this project can be obtained from Derek Russell at TWI (tel: 
01223 891162).

Mohammed Naeem received a 
MTech degree in metallurgical 
quality control from Brunel 
University in 1981 and a PhD in 
glass fibre composites from 
Loughborough University. He is 
currently employed as a Principal 
Engineer at Lumonics and has over 
10 years experience in high power 
laser material processing.

Figure 2 .  Butt weld in 5083 alloy, using a filler wire (5556A) 
1.6+2.0mm thick; welding speed 8m/min, wire feed 3.4m/min

Ah, back to the YAG/CO2 comparison, my favourite! There is no 
doubt that high power YAG lasers open up new areas of activity, 
that is why Rofin Sinar have developed high power YAG lasers!
However, I must take issue with a few points. Welding speeds for 
a 6 kW CO2 laser (Rofin Sinar RS 860HF) on 2 mm thick mild 
steel is about 9 m/min. For the 0.8 to 1.8 mm weld detailed in the 
article, it is not necessary to obtain a penetration of 1.8 mm, as 
you are only welding the 0.8 to the 1.8, so in the extreme case 
only 0.8 mm penetration is required. The 860HF welding speed 
for 0.8 mm mild steel is 18 m/min. So the actual welding speed 
for the joint would be somewhere between 9 and 18 m/min, (pos-
sibly 11 or even more!) not the 7 m/min quoted in the article.
Shield gas. Even though YAG is not absorbed as much by the 
plasma, a shield gas is still required to prevent the oxygen in the 

atmosphere causing a cutting action rather than a welding action. 
For YAG lasers we would use argon, while argon is cheaper than 
helium, you cannot just write of the shield gas cost.
Running costs. Based on our own figures, the investment cost for 
a 6 kW CO2 laser and a 3.5 kW YAG laser are about the same. 
However, the running costs are 4 times higher for the YAG. I 
don’t think that the helium costs would compensate for this. Also, 
if you are operating flash lamp pumped YAG lasers flat out, the 
lamps need replacing about every 400 hours. If th lamp life is 
assumed to be 1000 hours, as some manufacturers are claiming, 
the running costs of the lamp pumped YAG laser reduces by about 
half. So the 4 kW lamp pumped laser is ‘only’ twice as expensive 
to run as a 6 kW CO2.  However, this still buys a lot of gas. 
Running them at reduced duty cycle does extend their lives, but if 

COMMENTS
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you have a 3.5 kW YAG laser you normally want to run it at 3.5 
kW, not 1.5 kW!
The beam delivery for tailored blank welding is relatively simple, 
it is normally a 1 axis movement with height adjustment. So the 
CO2 beam delivery system is very basic, probably a couple of 
mirrors and the focusing unit, say 4 optics in all. The YAG will be 
delivered by fibre, using about the same number of optics plus the 
fibre. While I admit the YAG beam delivery is easy to install, the 
CO2 beam delivery is not much more difficult, and because reflec-
tive optics are used for the CO2 they are very robust.
Don’t get me wrong, I think that YAG lasers have a definite place 
in laser processing. Indeed, Rofin Sinar are developing high 
power YAG laser for the future. We have a 2.5 kW lamp pumped 
laser on the market now. However, we do not think that it is ben-
eficial to develop higher powers of lamp pumped YAG lasers and 
so next year we are going to introduce a range of diode pumped 
YAG lasers up to 5 kW in output power. Now the diode pumped 
YAGs have far lower operating costs and a much better beam 
quality. In fact we have performed tests to show that a 1.3 kW 
diode pumped YAG compares with a 2 kW lamp pumped YAG in 
terms of welding performance. The 5 kW diode pumped YAG is 
expected to compare with an 8 kW lamp pumped YAG; that will 
be something to see!
So, in conclusion, I am still not convinced about the overall 
advantages of using a high power lamp pumped YAG laser for 
tailored blank welding. As soon as one is available on a commer-
cial basis, I would love to talk with the operators about their 
experience in using it.

Tim Holt  Rofin Sinar Laser

A little late in life, the laser has reached maturity! I think that the 
use of lasers for welding tailored blanks in the motor industry 
signals that the laser welding system now has the status of an 
accepted industrial machine tool. 
We have now reached the stage where competing systems have to 
resort to the small print and the skills of the technical sales-person 
to clinch the deal. 
Let's look more closely at this application.  I suspect that the 
majority of welds are 1-D, straight lines on flat sheets with differ-
ent thicknesses and, perhaps, different materials.  You don't want 
a really small spot size so re-imaging the beam emerging from a 
multi-mode fibre doesn't give a problem.  On the other hand, it is 
straight line welding - so you don't really need the flexibility of a 
fibre.  But if you are determined to use a fibre, then the YAG laser 
must be good enough to launch most of its power down a small 
fibre.  BUT why must we still use mm.mrad?  Those units of 
quality are wide open to confusion and spin doctoring'.  It is a 
beam quality measurement that depends on the wavelength of the 
beam and whether you are using half-widths or full-angles or full-
widths or so on. . . .  Laser system buyers don't need the sort of 
tactics employed by Estate Agents - they need a good clear state-
ment that the M2 is 75! * 
Dismounting from my hobby-horse for a minute, yes the YAG has 
a great advantage when it comes to aluminium alloy welding.  I 
understand that, with the right alloy and right filler, you can get a 

very useful weld in this material.  I think that the CO2 laser is 
struggling a bit in this area. However, I wonder how long it will 
be before the CO2 regains its superiority with mild and low-alloy 
steels.  If helium usage is the financial problem, can't it be recy-
cled?  After all, we are dealing with a short straight weld in a 
fume-extracted and well-guarded area - so is it beyond the wit of 
the system designer to keep the helium reasonable clean and use 
it again with only a small volume of top-up gas? 
As I say, the battle of the product designers and market research-
ers is on!  This is the sign of a mature technology.  We don't have 
to blind them with science any more. 
* It is rumoured that the beam quality standard is about to be 
rewritten and that the Germans have agreed to abandonment of K 
in favour of M2 - hooray! 

Brooke Ward         Europtics

It is obvious that the Nd:YAG vs CO2 debate will continue for 
some time, not least in the field of Tailor Welded Blanks. 
The most important factor for producing consistently good quali-
ty TWB’s using the laser process has always been producing and 
maintaining good fit up and alignment of the joint. Whilst the 
Nd:YAG laser may well offer some advantages for butt welding 
applications due to the more uniform energy distribution of it’s 
‘top hat’ beam mode structure, considerable development of pro-
duction facilities for CO2 TWB production has lead to a virtual 
elimination of this problem. 
TWB manufacturers often tend to air on the side of caution in 
terms of both welding speeds and shielding gases. For example, 
the 0.8/1.8 mm material combination referred to in Mohammed 
Naeem’s article, has been welded at speeds of up to 15 m/min on 
the 5 kW CO2 laser at our research laboratory in Port Talbot, 
however these welds are very narrow. A typical production speed 
as Mohammed Naeem says is around half this; this is largely due 
to the higher process tolerance to misalignment and fit up at lower 
speeds due to the wider weld width. In general, the more accurate 
the fit up and alignment, the faster one can weld. 
With respect to shielding gases, it is possible to produce satisfac-
tory weld quality and reduce production costs significantly by 
utilising less expensive shielding gases for welding many auto-
motive steel grades, however Helium still predominates in pro-
duction, due to the ‘feel good factor’ and increased process toler-
ance in a very quality critical industry. Therefore, until direct 
comparisons can be made between similar parts made on similar 
production machines with a range of spot sizes, it is extremely 
difficult to assess the relative speeds and costs of Nd:YAG vs CO2 
lasers for TWB production.

Craig Bratt     British Steel
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By providing solutions to critical problems in manufac-
turing integrated circuits, hard disks, displays, intercon-
nects, desk top printers and telecommunication devices, 

pulsed laser materials processing is a key enabling technology 
allowing the current revolution in information technology to 
continue. The requirement for material processing with micron 
or submicron resolution at high-speed and low-unit cost is an 
underpinning technology in nearly all industries manufacturing 
hightech products. The combination of high-resolution, accura-
cy, speed and flexibility has allowed pulsed laser materials pro-
cessing to gain acceptance by many industries. 

Microelectronics
At single-pulse fluences below the threshold for material ablation, 
the KrF excimer laser is becoming the light source of choice for 
performing the lithography step crucial to the mass production of 
large memory size integrated circuits (IC’s), microprocessors and 
application-specific IC’s (ASIC’s)
Almost as important as the rapid improvements in speed and 
memory of IC’s are the parallel developments in interconnection 
packaging made during the last 20 years. So that speed, power and 
area (real estate) are not compromised, packages on which chips 
are mounted for connection to other devices have had to keep 
pace with the rapid advances made in IC’s. Thus there is a demand 
for an ever-increasing packing density of interconnections - for 
example mountings in current mobile phones and camcorders 
have around 1200 interconnections/cm2. There are now more than 
a dozen generic types of chip interconnection packages which 
include multichip-modules (MCM’s), chip-scale-packages 
(CSP’s) like ball-grid-arrays (BGA’s), chip-on-boards (COB’s), 
tape-automated-bonds (TAB’s). Generally these consist of multi-
layer sandwiches of conductor-insulator-conductor with electrical 
connection between layers made by drilling small holes (vias) 
through the dielectric and plating metal down the hole. Such blind 
via holes provide high-speed connections between surface-mount-
ed components on the board and underlying power and signal 
planes while minimizing valuable real estate occupation. For 
example, due to difficulties in soldering IC’s with greater than 
~200 pins, peripheral lead mounting packages like TAB’s must be 
made larger than the chip. By placing microvia connections in the 
package at the base of the chip instead of around its periphery, a 
BGA is no larger than 20% the size of the chip. Typically the 
requirement is to drill 100 µm diameter microvias on ~500 µm 
centers Drilling these vias on such high-density packages can 
represent 30% of the overall cost of the board.
Drilling microvias by ablation was first investigated in the early 

1980’s using pulsed Nd:YAG and CO2 lasers. Excimer lasers led 

the way in applying it to volume production when the Nixdorf 
computer plant of Siemens introduced polyimide ablative drilling 
of 80µm diameter vias in MCM’s - as used to connect silicon 
chips together in high-speed computers. Other mainframe com-
puter manufacturers such as IBM rapidly followed suite and 

Industrial Applications of Pulsed Lasers to
Materials Microprocessing

Malcolm Gower
Exitech Ltd

The increasing uses of pulsed lasers in microprocessing range from deep-uv photolithography to micro-elec-
tro-mechanical system (MEMS) fabrication and on 9 June 1999 AILU will be holding its first international 
workshop on Microengineering with Lasers. In preparation for this the following article, based on a presenta-
tion made by Malcolm Gower at the SPIE’s Symposium ‘High Power Laser Ablation’ (Santa Fe, April 1998), 
reviews some of the key applications. 

(above) Nd:YAG & CO2 hybrid 
laser tool for microvia drilling.100 
µm blind via in a PCB. 

(right) Step 1. Nd:YAG laser tre-
panned hole in top copper con-
ductive layer.

(below) Step 2. CO2 laser drilling 
of FR4 dielectric layer to copper 
below.
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installed their own production lines for this application. With 
fewer process steps than other methods, laser-drilling is regarded 
as the most versatile, robust, reliable and high-yield technology 
for creating microvias in thin film packages. Trillions of vias have 
now been drilled with excimer lasers at yields >99.99% whose 
mean time between failure has been logged at >1,000 hours.
Interconnection densities on rigid and flexible printed circuit 
boards (PCB’s and FPC’s) are also increasing, driving the 
requirement for drilling ever-smaller vias in these packages. In 
such lower cost packages the current common practice is to 
mechanically drill the vias. As diameters decrease to ≤100 µm it 
is generally recognized lasers will eventually displace mechanical 
drills, although for these packages excimer lasers are too slow 
and expensive. Because ~100 µm diameter tungsten-carbide 
drills are expensive, frequently break and rapidly wear, drilling 
costs skyrocket to several $ per 1,000 holes. Using TEA, rf-excit-
ed slab CO2 or Q-switched Nd:YAG lasers, drilling speeds for 
precisely positioned vias can be as high as 200 holes/sec at costs 
as low as 0.6 ¢ per 1,000 holes. Trepanning the hole with a small 
focal spot under galvo-mirror scanner control allows hole posi-
tions and sizes to be programmed from CNC drill files containing 
the circuit layout. Since copper is highly reflective at 10µm, 
Q-switched Nd:YAG lasers (fundamental or 3rd-harmonic) are 
used to drill the metal, while either CO2 (rf-excited or TEA) or 
3rd-harmonic YAG lasers drill the dielectric material. When drill-
ing blind vias, CO2 lasers have the advantage that drilling natu-
rally self-limits at the copper level below without damaging it, 
and holes defined previously in the top copper (either by a YAG 
laser or photolithography) can be used as a conformal mask for 
cleanly drilling the dielectric material. These steps are clearly 
illustrated in the figure above.
Although there is a huge potential market for laser via drilling 
tools, it is still at the proving stage. Nevertheless, in Japan com-
panies are now using pulsed CO2 lasers for drilling 80-100 µm 
blind vias through dielectric layers on MCM’s, CSP’s, and TAB’s 
which then get incorporated into flat panel displays, hard-disk 
drives, printers, cameras, mobile phones, photocopiers, fax 
machines, notebook and palmtop PC’s. Laser-drilling now pro-
duces twice as many microvias than any other method; the 
Japanese market for these tools is estimated to reach 400/annum 
by 1999.

Laser drilling of inkjet printer nozzles
Inkjet printers comprise a row of small tapered holes through 
which ink droplets are squirted onto paper. Adjacent to each noz-
zle, a tiny resistor rapidly heats and boils ink forcing it through 
the orifice. Increased printer quality is achieved by simultaneous-
ly reducing the nozzle diameter, decreasing the hole pitch and 
lengthening the head. Modern printers like HP’s Desk Jet 800C 
and 1600C have 300x 28 µm input diameter nozzles giving a 
resolution of 600 dots-per-inch (dpi). Earlier 300dpi printers con-
sisted of a 100 nozzle row of 50µm diameter holes made by 
electroforming thin nickel foil. Trying to fabricate more holes 
with smaller diameters reduced even further the already low 
70-85% production yield. Laser-drilling of nozzle arrays allowed 
manufacturers to produce higher performance printer heads at 
greater yields. At average yields of >99%, excimer laser mask 
projection is now routinely used for drilling arrays of nozzles 
each having identical size and wall angle. Most of the ink jet 
printer heads sold currently (e.g by HP and Canon) are excimer 

laser drilled on production lines in the US and Asia. 

Laser machines biomedical devices
As in microelectronics and its associated technologies, the drive 
for increasing miniaturization with improved device functionality 
is crucial to the rapid progress being made in the biomedical 
industry. Precision microdrilling with excimer lasers is routine 
when making delicate probes used for analysing arterial blood 
gases (ABGs). ABG sensors measure the partial pressures of 
oxygen (PaO2), carbon dioxide (PaCO2) and hydrogen-ion con-
centration (pH) used for monitoring the acid-base concentration 
essential for sustaining life. In intensive care units, ABG results 
are used to make decisions on patient’s ventilator conditions and 
the administration of different drugs. The use of fiber-optic sen-

Excimer laser drilled nozzles in a 
modern ink jet print head, each 30 
µm diameter in polyimide..

Nozzles with nonlinear tapers to 
aid the laminar flow of the droplet 
through the orifice.

Rather than being constrained to 
give shapes characteristic of the 
process, excimer laser microma-
chining tools with appropriate CNC 
programming can readily engineer 
custom-designed 21/2D and 3D 
structures. 

(opposite) An example of a rifled 
tapered hole which spins the drop-
let to aid its accuracy of trajectory. 

(below) An array with ink  
reservoirs machined behind each nozzle.



sors for ABG analysis provide clinical diagnostics at the patient’s 
bedside without the need for taking any blood samples.
More important components of this catheter are the PaO2 and 
PaCO2 sensors. These consist of a spiral of up to five ~50x15 µm 
rectangular holes machined in a 100 µm diameter acrylic 
(PMMA) optical fiber with an ArF laser. The holes are filled with 
a reagents whose optical transmission depend on the PaO2 and 
PaCO2 levels of the surrounding blood. Using a fully-automated 
workstation with computer-controlled reel-to-reel fiber-feeding 
and laser-firing, all five holes shown in the middle figure opposite 
are drilled in the fiber. By spatially-multiplexing a single excimer 
beam into five smaller ones, holes are drilled simultaneously 
through the fiber. 
Preferential excimer laser etching of plastics compared to metals 
is applied to the stripping of insulation from fine diameter wires 
prior to soldering connections. The process relies on the threshold 
for excimer laser ablation of the polymer being much lower than 
for damaging the copper or silver core. Such pulsed laser wire-
stripping is also in widespread use for preparing connection wires 
to computer hard-disk reader heads.

Micro-electro-mechanical systems
‘Micro-electro-mechanical systems’ (MEMS) bring together 
mechanical, electrical and optical technologies to create an inte-
grated device that employs miniaturization to achieve high-com-
plexity in a small volume. This generally involves fabricating 

mm-µm size structures with 

µm-nm tolerances. In Europe MEMS is referred to as 
‘Microsystems technology’ (MST), in the UK as ‘Microengineering’ 
and in Japan as ‘Micromachines’, and is predicted to grow into a 
$4b/year industry by the end of the century. The success of micro-
engineering comes from miniaturization and its consequences: 
high-sensitivity, short-measurement times, low-energy consump-
tion, good-stability, high-reliability, self-calibration and testing. 
Microsensors detecting local parameters like pressure, flow, 
force, acceleration, temperature, humidity, chemical content etc, 
have in the last decade been engineered into the engine and per-
formance management systems of cars and aircraft. They also 
provide the key to electromechanical microcomponents such as 
ink jet printer nozzles, gas chromatographs, gyroscopes, galva-
nometers, microactuators, micromotors, micro-optics etc. Devices 
like implantable drug delivery systems are being developed con-
taining sensors, valves and control system with power source 
capable of operating for many years. There is no doubt microen-
gineering will be a key underpinning technology of the 21st cen-
tury.
Adaption of silicon lithography and etch batch-processing as 
developed by the semiconductor industry is currently the domi-
nant MEMS fabrication method. However being restricted to just 
one material (silicon) surface and bulk etched in only 3 directions- 
along (110), (100) and (111) crystallographic-planes, other more 
flexible micromachining methods including pulsed uv-laser abla-
tion are being evaluated for MEMS. The perceived advantages of 
uv-laser micromachining are many: (i) few processing steps, (ii) 
highly-flexible CNC programming of shapes for engineering pro-
totyping, (iii) capable of serial and batch-mode production pro-
cessing, (iv) no major investment required in large clean-room 
facilities and many expensive process tools, (v) can be applied to 
a wide range of polymers, ceramics, glasses, crystals, insulators, 
conductors, piezomaterials, biomaterials, non-planar substrates, 
thin and thick films, (vi) compatible with lithographic processes 
and photomask making.
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An example a ABG catheter for 
monitoring blood in prematurely 
borne babies. The hole at the side 
of the PVC bilumen sleeving tube 
through which blood is drawn is 
machined using a KrF excimer 
laser. In this case the clean cut-
ting capability of the laser pro-
vides the necessary rigidity that 
prevents kinking and blockage of 
the tube when inserted into the 
artery.

Rectangular 50x20µm holes 
drilled in 100µm fibers for PaO2 & 
PaCO2-sensors

Excimer laser stripped wire.  The 
polyurethane insulation sleeving 
of this fine 100 µm diameter wire, 
which forms the pH resistivity sen-
sor in the ABG catheter above, 
has been cleanly stripped away 
with an Excimer laser. 

Examples of uv-laser microma-
chined 3D-structures in poly-
mers which when used with the 
LIGA process of electroforming, 
can be replicated in metal - a 
process now known as Laser 
LIGA. 

Plastic 100µm fiber clamp 

470 µm diameter, 130 µm 
height nickel intravascular rotor 
microturbine. Replicated by 
electroplating from an excimer 
laser machined PMMA master. 

C
ourtesy of R

utherford Appleton Laboratory.
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Malcolm’s article gives an excellent overview of a great number 
of important applications of pulsed lasers in microprocessing. 
Clearly the number of applications emerging is increasing and the 
laser industry is providing improved lasers and systems for these 
applications. The lasers presently available include CO2, Nd:YAG 
in its many configurations, CVLs and excimers whilst academic 
researchers are investigating the capabilities of very short pulsed 
lasers (picosecond and femtosecond).
One very important area that the article has not covered is micro-
processing with pulsed visible laser beams (CVLs and frequency 
doubled Nd:YAG). This area is, arguably, of equal importance to 
the UV and IR based processes. The visible lasers, expecially 
CVL with its higher power and lower costs, are particularly suited 
to machining metals, ceramics, diamond and silicon. Whereas the 
article describes in the main low aspect ratio (shallow) features, 
the high power pulsed visible lasers with high pulse repetition rate 
are better suited to machining high aspect ratio features. Such 
features are required in the automotive industry where lasers are 

displacing other machines such as Wire EDM in the manufacture 
of fuel injection components. These lasers are also used in high 
speed marking (low aspect ratio) and engraving. Other applica-
tions include the manufacture of extrusion dies and spinnerettes in 
hard materials such as diamond, ceramics and hardened steels, 
high speed dicing of silicon and diamond wafers and the manu-
facture of industrial inkjet printer heads.
The article does convey the excitement of these new and growing 
applications of lasers. However, there are other technologies com-
peting for the same applications and the demand from the market 
is forcing these technologies to develop at a similar rate to lasers. 
Certainly at Oxford Lasers we find that as often is not our compe-
tition comes not from another laser manufacturer but some other 
technology.

Martyn Knowles   Oxford Lasers Ltd

COMMENT

AILU Open Workshop series 

Microengineering with Lasers
9 June 1999

Rutherford Appleton Laboratory, Didcot

A date for your diary ......further details will be circulated to members closer to the time

Six invited leading European industrialists will relate their experiences of using lasers for manufacturing in 
the microelectronics and microengineering sectors. 
Topics covered include the use of lasers for deep-uv photolithography, annealing of flat panel displays, drill-
ing of ink jet printer nozzles and via holes in interconnection packages, scribing of solar panels and applica-
tions in microsystems technologies (MST). These technology sectors are currently attracting great interest 
from hightech manufacturing industries for which microfabrication is crucial. Furthermore, Governments of 
the major manufacturing nations in the world as well as the 5th Framework of the European Commission are 
increasingly promoting MST as a leading enabling technology of the 21st century.

Organiser: Malcolm Gower

Controlled 3D-structuring of materials by excimer laser etching 
can produce the basic building blocks of bridges, diaphragms, 
pits, holes, ramps, cantilevers, etc needed to microengineer devic-
es like gyroscopes, galvanometers, gas chromatographs, microac-
tuators, micromotors, micro-optics etc. Excimer laser ablation is 
being used to manufacture ‘biofactory-on-a-chip’ (BFC) travel-
ling-wave dielectrophoresis cell-sorters and sensors that consist 
of 21/2D laminations of channels, chambers and electrode con-
veyor tracks.
Already recognized by government-supported initiatives in Japan 
and the European Union, pulsed lasers will be a key manufactur-
ing tool in emerging nanotechnologies. The economic advantages 
of mass production at low unit cost is of the highest importance 
and will open up many new industrial application areas.

Acknowledgments
It is a pleasure to thank J Cashmore, E Harvey, J Fieret, D Milne, 
N Rizvi, P Rumsby, D Thomas and M Stallmach of Exitech Ltd 
who contributed experimental material contained in this paper.

Malcolm Gower is Chairman and 
Technical Director of Exitech Ltd. 
Exitech specialise in laser microma-
chining (Excimer, Nd:YAG and CO2) 
for industrial applications in microelec-
tronics, biomedicine, electronic pack-
aging, telecommunications etc



30

Lasers in Manufacturing

The Industrial Laser UserIssue 12  August 1998

Materials processing using ultra-fast lasers;
from the research lab to the production line

John Girkin and Karen Ness
Institute of Photonics, University of Strathclyde, Glasgow

Laser designers are constantly searching for new applica-
tion areas in which the unique characteristics of laser 
radiation can bring a significant benefit to the user. In 

the last few years, significant advances have been made in the 
development of high power ultra-short pulse lasers, in terms of 
both the technology solutions employed and the implementation 
of practical systems. As a result such systems have become the 
latest tools to be tried in the field of laser materials processing. 
Results of initial experiments have been encouraging, demon-
strating the technique’s ability to produce clean sub micron 
features. These results are now being borne out as the tech-
niques are developed for practical use in specific niche applica-
tions. In parallel, the laser systems employed are currently 
undergoing the transformation from laboratory instrument to 
industrial tool.

Introduction
The application of lasers to materials cutting and processing has 
always followed closely on the heals of the development of novel 
and more reliable laser systems. As new lasers have been devel-
oped an ever growing range of increasingly sophisticated materi-
als processing applications have emerged. As potential industrial 
applications beckon, the laser sources themselves have evolved 
from being the topics of research into rugged and reliable tools. 
With their associated control systems, lasers have grown into the 
workhorses of many current industrial processes in arenas as 
diverse as electronics and textiles.
Many current applications depend on the use of the well known 
carbon dioxide (CO2) and Neodymium:YAG (Nd:YAG) lasers, 
operating in both continuous output and pulsed modes.  However, 
the most recent advance in laser materials processing has occurred 
with the development and application of high power ultra-short 
pulse laser systems. Such systems are currently undergoing the 
transition from research tool to dependable "black box" suitable 
for industrial use. 
The term "ultra-short pulse" is used to refer to lasers with pulse 
durations that are typically less than 1 picosecond (10-12s)1 and 
can be as short as a few femtoseconds (10-15s). The generation of 
ultra-short pulses has long been of interest to laser scientists and 
a number of schemes have been developed to achieve this end 

Mode-Locked Laser System Performance
To generate the energy per pulse and average power levels 
required for materials processing, an ultrafast laser system will 
typically comprise a number of elements. An initial oscillator 
produces a train of ultra-short pulses from which pulses are select-
ed and then amplified. Table 1 summarises typical mode-locked 

oscillator and amplifier performance levels.  
Table 1
 Oscillator Amplifier
Energy per pulse: 5nJ 1mJ
Pulse repetition frequency: 80MHz 1kHz
Pulse duration: 100fs 200fs
Average power: 400mW 1000mW
Peak power (per pulse) 50kW 5GW

Oscillators alone are useful low power sources which have proven 
valuable for some time in a range of scientific applications includ-
ing the examination of chemical and biological effects which 
occur on the sub-picosecond timescale.  However, the peak power 
(per pulse) available from a typical oscillator (50kW) is usually 
too low to be useful for materials processing.  The solution is to 
incorporate an amplifier stage, and it is only in the last three years, 
with the advent of high peak power femtosecond lasers based on 
oscillator:amplifier configurations, that industrial applications in 
materials processing have become feasible.  
To produce short pulses, basic physics requires that the CW laser 
should operate over a wide optical portion of the spectrum i.e. it 
should be a broadly tuneable laser material. This is the reason for 
the interest in lasers based upon Titanium:Sapphire (Ti: Sapphire) 
and Neodymium:Glass (Nd:Glass).
Amplification of ultrafast pulses presents technical challenges.  
The approach used is to select pulses from the 80 MHz pulse to 
ensure maximum energy extraction, and hence individual pulse 
energy, from the amplifier gain medium.  As a result of this the 
output repetition rate normally falls to around 1kHz.  It is also 
possible to select the pulses such that a pulse envelope of a few 
nanoseconds contains several hundred ultra-short pulses.

Beam Delivery
For materials processing applications, the high energy, ultra-short 
laser pulses must be delivered to the target site on the workpiece. 
The ultra-short pulse duration means that standard industrial 
beam delivery is not normally suitable.  In particular, the use of 
optical fibre delivery presents specific difficulties as optical fibres 
have the tendency to "stretch" the short pulses, (due to dispersion 
in the fibre) leading to an increase in pulse duration.  This effect 
in turn reduces the pulse peak power and hence the effectiveness 
of the radiation for machining.
Direct delivery through air can also be a problem as the power 
close to the focal point of a delivery system is high enough to 
cause optical breakdown in air. As a result of this the workpiece 
is often kept in a vacuum which has the added advantage of ensur-1. 10-12 s means a million millionth of a second   Ed
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ing a clean and controlled environment.
However, in some respects, beam handling is easier than for  
Q-switched laser pulses.  In general, optical damage in beam han-
dling optics is dependent on the average power delivered. Despite 
the high peak powers generated, average power levels remain 
modest at around 1W. Further, the near infra-red wavelengths 
employed present little difficulty in terms of transmission and 
reflection characteristics of beam steering components, although 
dispersion is an issue with transmissive elements.

Laser/Material Interaction

Conventional Techniques
The majority of lasers used in industrial machining at present can 
be divided into two classes, namely those which use a thermal 
cutting technique and those which use plasma ablation instigated 
by Q-switched laser pulses. Both techniques work well within 
certain constraints but both have the complication of affecting the 
"unablated" material. The thermal cutting technique leaves depos-
its and thermal changes affect the area surrounding the cut. 
Q-switched pulses can cause shock hardening of the surrounding 
material and in some cases micro-fracturing leading to local 
porosity of the material.

Ultra-Short Pulse Machining
While the mechanisms involved in ultra-short pulse material abla-
tion are believed to be well understood, the area is just emerging 
as a subject for detailed experimental research. In many early 
experiments samples were placed in laser beams without careful 
control of operating parameters and the effect of the delivery sys-
tems on the pulses. Detailed characterisation of the processes is 
being addressed as practical applications are developed.
Ultrafast lasers emit extremely high peak power radiation for a 
very short time but the time averaged power is quite low.  
Typically for a 1mJ pulse energy the peak power is around 10 GW 
for a 100 fs pulse, while the average power (which causes thermal 
effects) at 1 kHz repetition frequency is only 1 W.  Alternatively, 
the systems can be considered as having extremely low duty 
cycles (2x10-8  per cent).
When such extremely high peak power pulses interact with mate-
rial a number of non-linear processes take place.  In contrast with 
the more familiar linear effects, this means that the magnitude of 
effects seen is not directly proportional to the incident energy but 
rather to the energy raised to a some power. For example the mag-
nitude of a two-photon process varies as (pulse energy)2 whereas 
for direct thermal ablation (a linear effect), the magnitude of the 
interaction, and hence quantity of material removed, is directly 

proportional to the energy absorbed by the target.
The dominant physical mechanism in the process of material 
removal using ultrashort pulses is believed to be a multi-photon 
ionisation process, with six-photon ionisation being typical. The 
probability of this occurring is normally very low, but it depends 
on the energy density raised to the sixth power and can become 
significant in regions where very high energy densities can be 
generated.  Conversely, with suitable focussing optics, non-linear 
absorption and ionisation will only occur in the focal region 
where suitably high power densities are generated. This high 
non-linearity gives the process a high degree of selectivity, 

dependent on the energy density delivered. 
It should be noted that the process is truly 
ablative, the material being removed as ions 
rather than solid or molten material. 
The process has some significant advantag-
es, particularly in terms of thermal manage-
ment, over other laser materials processing 
techniques. As the average power of the 
system is comparatively low, little thermal 
damage occurs.  Further, the wavelength of 
the laser can be selected so that single pho-
ton absorption in the material is low.  Again 
this limits thermal effects and also allows 
spatial selectivity of the process using accu-

rate focussing.  Additionally, the process is over before the high 
power has had a chance to be absorbed and propagate as heat into 
the material.  Even at 1000 ms-1, heat will only penetrate 0.1 nm 
into the sample during a 100 fs pulse. For reasons are believed to 
be related to the low thermal damage, ultrasonic sound shock 
damage has not been observed in the tests reported so far, but the 
complete mechanism has not as yet been documented.
In many ways, the ultra-short pulse machining technique is simi-
lar to that using excimer lasers for photoablation. The photons 
have sufficiently high energy to break the intermolecular bonds.  
In the case of the excimer laser a single photon is sufficient, for 
the short pulses the energy of several have to be added together.  
The short pulse technique, however, has one other significant 
advantage over the excimer laser due to its wavelength.  With the 
ultra-violet light a plasma can be formed in front of the workpiece 
which can absorb subsequent light pulses until the plasma has 
dispersed. The short pulse systems can use near infrared wave-
lengths which penetrate the ion cloud and so the system can in 
principle be run at much higher repetition frequencies. There are 
also practical advantages when the technique is applied in a real 
industrial environment. The ultrafast laser sources emit in the 
infrared and can be designed to be all solid-state using laser 
diodes as the initial source of energy to optically pump the laser 
crystals. Additionally, the near infrared light is easier to manipu-
late than high power ultra-violet radiation produced by excimer 
lasers.

Reported Results to Date
A wide range of materials from metals to collagen have been 
machined using ultrafast lasers.  All results reported indicate sim-
ilar cutting profiles with little or no collateral damage. In one 
experiment at the Lawrence Livermore Laboratories, (National 
Ignition Facility), unstable high explosive has been machined 
using this technique with no explosive reaction!
Cutting rates are not high, with grooves 100 µm deep by 200 µm 

Layout of an ultrashort pulsed laser. 
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wide being cut at speeds ranging from 0.08 mms-1 in steel to 
20mms-1 in plastics. Single pulses can be adjusted to remove lay-
ers of material only a few nanometres thick leading to very pre-
cise machining. 
As the process depends on the pulse energy raised to a high 
power, techniques have been evolved for machining very fine, sub 
optical resolution, features through the use of a carefully con-
trolled variation in the intensity of the laser beam profile.  The 
smallest recorded to date being 30nm diameter holes in 100micron 
thick nickel films. In this situation only the central portion of the 
laser beam profile had sufficient energy to generate observable 
material removal as a result of the multi-photon ionisation pro-
cess.

Applications
Presently only one commercial ultra-short laser machining system 
is known to be in operation though the exact use for which the 
technique is being applied has not been published. The light 
source used is based on a laser diode pumped optical fibre and the 
system has been reported to have been running for nearly a year 
with no reported significant "down-time". As mentioned previ-
ously another system is in use in the dismantling of high explosive 
devices where the non-thermal or explosive cutting has signifi-
cant technical and safety advantages.
The technique has however, been used on a wide range of materi-
als. Much of this has been directed towards the fine machining of 
metals and ceramic based materials. In some industrial fields very 
fine machining is required, with the additional requirement that 
the material remaining should be unaffected by the machining 
process. In particular, applications have been discussed in the 
field of electronics manufacturing and the manufacturing of com-
ponents for fuel injection systems used in cars and aeroplanes.
As with any new laser tool the technique has also be investigated 
for medical applications. The first two to have been examined are 
ophthalmology and dentistry. In the former case the concept is to 
use the ablation technique to reshape the patient’s cornea to 
remove the need for glasses. In concept this is similar to the exci-
mer-based systems currently in use.  However, initial experiments 
with the ultra-short pulses indicate less residual scaring of the eye.  
In dentistry  the technique has been used for the ablation of dis-
eased tooth material as a replacement for the dental drill. Again 
the lack of heating to the surrounding tissue is important, in this 
case increasing the likely  long-term viability of the tooth.

Conclusion
With the advent of reliable high power ultra-short pulse lasers, a 
new tool has become available in the field of laser machining and 
materials processing. As with many new laser sources the current 
position is that of a solution looking for a specific problem, one 
where the unique cutting properties of the laser are essential or 
offer significant benefits over other techniques.  If high precision 
cutting at a reasonable speed is required with little or no collater-
al damage then the ultra-short pulse laser is likely to be the solu-
tion of choice.
How to produce short pulses from a laser
The technique employed to produce very short pulses of light from a 
laser system is known as mode-locking. The preferred method of achiev-
ing mode locking in practical systems is to introduce into the laser cavity 
an material which is a ‘saturable absorber’. A saturable absorber in the 
cavity has a high absorption when the intensity is low, and a low loss 
when the intensity is high.  So, when the intensity in the cavity is high 
enough, the loss is removed and light is emitted from the system. With 
the release of energy, the laser again sees a large loss in the cavity and the 
pulse can start to build again. The result is that the laser generates a train 
of short pulses.

Originally saturable dyes were used as passive mode-locking compo-
nents but recently semiconductor-based all-solid state devices (Saturable 
Bragg Reflectors - SBRs), grown using microelectronics techniques have 
become a popular and effective alternative.  Mode-locked laser cavities 
employing SBRs can be made very compact and reliable as they require 
no complex electronics to keep them in operation and can be designed to 
"self start", (i.e.  produce short pulses as soon as they are switched on).

When a suitable saturable absorber element is selected, the output from 
the laser will be a train of very short pulses.  Typically these are less than 
10 ps duration with pulse repetition rates in excess of 80MHz.  The rep-
etition frequency is determined by the laser cavity length while the limit 
in terms of how short a pulse might be generated is ultimately determined 
by the gain bandwidth of the material and the number of longitudinal 
laser modes that can be locked together. The broader the gain in spectral 
terms, the shorter the pulse that can be generated. It is worth noting that 
for very short pulse generation, the full gain bandwidth of the material 
will be used i.e. the pulse output is spectrally broad, rather than the spec-
trally very narrow monochromatic output usually associated with lasers.

Groove machined in plastic by the authors using femtosecond pulses 
each of 400µJ energy. The laser had an average power output of 
400mW at a wavelength of 850nm.
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Femtosecond laser pulses are truly remarkable events, and the 
industrial application of femtosecond pulses will be even more 
remarkable yet. I have had to try to explain the significance of 
these laser systems to many visiting groups of politicians and 
school children (both with similar technical knowledge and atten-
tion spans) when they have come to see the Exitech Series 8000 
Excimer laser Micromachining Workstation and the Spectra 
Physics femtosecond laser system both recently installed in our 
clean room. Rather than talk about time I have found it easier to 
talk about pulse length. A 1 second pulse of light would circum-
navigate the equator 7.5 times; the 20 ns pulse from the excimer 
laser is 6m long; and the 100 fs pulse from the Spectra Physics 
system is 30 µm long. This pulse is really a thin pancake of light 
less than 40 wavelengths long! 
This also highlights one of the difficulties of these short pulses - 
how to focus the beam or image its profile onto the workpiece. 
Refractive lenses, as with fibres, distort the pancake and hence the 
pulses' time profile. Consider a biconvex lens: the centre of the 
beam travels through more glass than the edges, and since light is 
slower in the higher refractive index material, the edges of the 
beam emerge from the lens sooner than the centre part. To mini-
mise this effect either lenses need to be kept to small radii of 
curvature or the beam diameter must be kept small. Alternatively 
it may be useful to exaggerate this effect so that machining at the 
focus of the beam has an "implosion" effect wherein the outside 
of the circle is hit first and the power in the centre of the beam 
arrives a little later. (I don't actually know whether this is useful 
or not). Dispersion due to the wavelength dependent refractive 
index is harder to accommodate for. 
Vacuum systems, as any industrial user knows, are a bit of a pain 
since they take too long to load and unload and are best avoided 
- so all in all there is still great scope for some innovative thinkers 
when it comes to short pulse beam delivery! 
There is another aspect of the industrial application of lasers 
which I often find frustrating having spent a long time trying to 
understand the fundamental, and often subtle, physics of laser- 
material interaction; namely that brute force often works an awful 
lot better than it has any right to. For example the "pho-
ton-breaks-chemical-bonds" model of interaction is conceptually 
easy to use but often too pessimistic in its predictions. A 248 nm 
photon from a KrF excimer laser is more energetic than the 
Hydrogen-Carbon bond of polymers, but much less than the 
Silicon-Nitrogen bond of Silicon Nitride. Yes, polymers do 
machine rapidly but SiN also machines at adequate rates. There is 
much more to machining than just photon energy and wavelength, 
material absorption coefficients, thermal diffusivity and even the 
size of the laser spot have a lot to do with machining rates (small 
spots machine more rapidly than larger spots at the same laser 

fluence). 
Ultimately industrial users often have to take a bean-counter's 
approach to the choice of laser and fundamentally have to ask 
whether the three photons absorbed from the femtosecond infra-
red laser are cheaper than the single ultra-violet photon from the 
excimer. At present they are not. Secondly the ‘per Watt’ figure is 
important since average power is the critical scaling parameter 
when trying to process volume (cm3) of material and this is a 
rather unforgiving benchmark when comparing processes.  
At present high power femtosecond laser systems, while making 
huge advances in industrial reliability, are still inefficient and 
costly. Our Tsunami Titanium Sapphire laser is pumped by a 
Millennia Nd:YVO3 laser which is itself pumped by two 20W 
diode bar lasers. After going through a Spitfire titanium sapphire 
regenerative amplifier, itself pumped by a Q-switched Nd:YLF, 
we end up with 1 mJ at 1 kHz of short pulse laser light; in other 
words 1 Watt of average power. From these figures you can see 
that the short pulse beam must machine at rates significantly 
greater than 40 times that of the 532 nm Nd:YVO3 pump beam to 
compete with a brute force approach, or indeed have some phe-
nomenally unique advantage to make it especially useful. That is 
the bit I guess we are all looking for! The description of this sys-
tem also illustrates one other problem - there are an awful lot of 
lasers which must work together to produce our femtosecond 
pulses. Here developments using semiconductor saturable reflec-
tors to produce short pulses from diode lasers may end up with a 
much simpler laser system once we know what are the industrial-
ly attractive specifications it should reach. 
The often repeated, but seldom substantiated notion that excimer 
laser pulses are absorbed by the plasmas they generate is fairly 
easily compensated for simply by turning up the wick  provided 
you have some power in reserve. This brings us back to the reali-
ty of industrial applications - for the moment brute force will still 
win over subtleties of quantum efficiency but as I have said many 
times before (and even written in this illustrious journal), it is a 
brave person that attempts to predict the future of any particular 
laser system's application. Best of luck to all of us! 

Erol Harvey is Deputy Director (R&D) at the Industrial 
Research Institute Swinburne (IRIS) at Swinburne University of 
Technology, Melbourne, Australia. The Femtosecond system he 
refers to is being set up by Prof. Peter Hannaford who has a dual 
appointment at Swinburne University of Technology and CSIRO 
(Commonwealth Scientific and Industrial Research Organisation) 
Division of Manufacturing Technology.

COMMENTS .... on Materials Processing with Femtosecond Lasers

The article describes some of the very interesting results which 
are now being obtained with ultra-fast lasers. The major attraction 
of using such sources for materials processing is their potential 
for fabricating very precise clean structures lacking any collateral 
thermal damage. In spite of seeing some very impressive pictures 
in the literature of parts processed with such lasers, I am not yet 
aware of any demonstrations which show structures that can only 
be made with ultra-fast lasers rather than with picosecond or (with 
due care and attention to beam-shaping) nanosecond lasers.

While enthusiastic about the results I have seen so far, several 
technical questions seem to remain unanswered.  It is not obvious 
to me that after passing through an optical train consisting of 
turning mirrors, beam expanders and focussing optics, the 100fsec 
pulse from the laser is still 100fsec when delivered on a work-
piece. The optical path difference across the beam in its transit 
through the beam delivery system must be constant to within 
30µm if it is! Even with perfectly flat reflecting optics, I wouldn't 
be surprised if the nonlinear changes of the refractive index of air 
caused by the Gaussian intensity profile of the beam induces 
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The goal of the BriteEuram FEMTO project is to develop a 
novel type of machining system for very precise micro-ma-
chining, based on ultrashort-pulse (femtosecond) lasers.

The companies and institutions for this collaboration are BM 
Industries (FR) which is Europe’s only manufacturer of ultrafast 
(femtosecond) solid state lasers based on Titanium:sapphire, 
Biotronik GmbH & Co (DE) as a manufacturer of sophisticated 
medical implants like pacemakers, defibrillators and antihrombo-
genic stents, Photek Limited (GB) as a manufacturer of image 
and streak camera tubes, Laser Zentrum Hannover eV (DE) as a 
specialist for laser processing techniques, Equipe Laser Intenses 
et Applications, Université Bordeaux I (FR) as a research institu-
tion for femtosecond laser development and finally Exitech 
Limited (GB) as a manufacturer of laser machining systems.
Detailed investigations on the machining process of ultra-
short-pulse radiation with different desired materials are planned.  
One goal is the evaluation of the optimum laser parameters for a 

highly specialised machining process on high value products, like 
stents made of different (metallic and organic) materials, special 
metallic grids for streak cameras, anodes and dynodes for posi-
tion sensitive photomultipliers etc.
Based on the results of these investigations a prototype femtosec-
ond machining system will be designed and developed.
The project also aims to develop a simplified and user-friendly 
femtosecond micro-machining system having a precision which 
is not achievable with conventional (laser-based) machining tech-
niques.  The developed system will not be limited to the applica-
tions mentioned above and opportunities in industries of other 
areas, including automotive and printing, will also be addressed 
from this new innovative development, including the drilling of 
fuel injector nozzles, the machining of metallic and glass 
mechanical components, the production of sensor devices and 
burr-free holes in printed circuit boards (PCB’s).
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changes across it at this level - over a 1m path length the index 
need only change by 30ppm! Which raises the question if by the 
time it gets to the workpiece it is really a picosecond pulse why 
not use one to start with? I am also concerned that the use of 
vacuum vessels for beam delivery and parts handling may act as 
a major barrier to any potential take up of the technology.
In very general terms, the speed for materials processing with 
pulsed lasers depends on the average power delivered to the part. 
In turn, process speed determines machine throughput which 
determines part process costs. For many industrial applications, 
part process costs alone determine if a laser technology is imple-
mentable. Some of my concerns about materials processing with 
ultra-short lasers are how do these simple numbers stack up? With 

serial process speeds of 5-20mm/min mentioned in the article, 
any potential application is restricted immediately to processing 
high-value low-volume products. There aren't so many of these. 
Much work remains to be done before ultra-fast lasers are consid-
ered for serious manufacturing processes. Issues like capital 
costs, running costs, reliability and ease of use need to be well 
quantified and integrated together with the machine tool which 
incorporates them. Many of these issues will be addressed and 
answered in the new BRITE-EURAM project FEMTO (see 
below) 

Malcolm Gower   Exitech

New Brite-EuRam project:
Precise machining by Femtosecond laser pulses (FEMTO)

Duration:  3 year project
Start date: 1 September 1998

Journals
An update of the AILU database of papers up to July 1998

Laser cutting and drilling
Thin material laser cutting 
S Garcia     Industrial Laser Review June 1998 p 13
Thick plate laser cutting 
BJ Jarvis     Industrial Laser Review June 1998 p 17
Percussion drilling with high-power Nd:YAG lasers 
MHH van Dijk et al     Industrial Laser Review July 1998 p 11
Laser island concept expedites tubular furniture cutting 
A Vendramini     Industrial Laser Review July 1998 p 15
High pressure gas supply systems for stainless steel cutting 
J Gabzdyl and D Sullivan     Industrial Laser Review August 1998 p 9
Celebrating 20 years of laser cutting in the US: IMTS ‘98 provides 
forum for new lasers, systems, and related products 
DA Belforte     Industrial Laser Review August 1998 p 13
Productivity soars with flying optic laser: next generation laser 
improves productivity, increases feed rates, and cuts handling time. 
Editorial     Industrial Laser Review August 1998 p 21

Laser metal cutting 
DA Belforte     Industrial Laser Review August 1998 p 25
Machining: users ask for competitive solutions 
J Schwartz     Photonics Spectra August 1998 p 80
‘Diamond’ replaces diamonds: new laser method for cutting plate glass 
yields ultrasmooth edges 
Editorial     EuroLaser Nr 1/98,  July 1998, p 16

Laser welding
Using a Nd:YAG laser to seam weld in the fabrication of lithium batter-
ies 
     Welding & Metal Fabrication April 1998 p8
The principles of laser welding 
L Migliore     Industrial Laser Review July 1998 p 17
Innovative exhaust manifolds: laser-welded half-shell designs yield both 
technological benefits and simplify fabrication 
Editorial     EuroLaser Nr 1/98,  July 1998, p 19
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from excimer lasers pattern wafers and sculpt microscopoic optical ele-
ments 
EJ Lerner     Laser Focus World , June 1998, p 131
VIN marking redux—I and VIN Marking redux—II 
Editorial     Industrial Laser Review June 1998 p 3
New challenges in wafer traceability 
J Becker     Industrial Laser Review June 1998 p 9
Excimer surface treatment behind stain-resistant carpet 
T Lizotte and T O’Keeffe     Industrial Laser Review July 1998 p 9
Tuppereware: a user perspective on the value of rapid prototyping 
B Morgan     Industrial Laser Review August 1998 p 17
Laser shock treatment is set to make an impact: high powered laser 
pulses fired at metal parts create stresses that harden the material at 
greater depths than other methods 
Editorial     OLE August 1998 p 13
Laser texturing slashes cylinder wear 
SC Hennink     Photonics Spectra June 1998 p 39
Laser increases lifetime of jet engine fan blades 
Editorial     Photonics Spectra August 1998 p 26
Expansion course: ‘Ancient’ user of laser gravure plans to enter the 
systems business with two new laser systems 
Editorial     EuroLaser Nr 1/98,  July 1998, p 23

Machine Integration
Machine vision wins manufacturers’ approval 
Europhotonics April/May 1998 p40
New generation of X-Y cutters emerges in European market 
K Bondelie and R Gleeson     Industrial Laser Review June 1998 p 21
Introduction to motion control 
J Tal     Industrial Laser Review June 1998 p 24
Celebrating 20 years of laser cutting in the US: IMTS ‘98 provides 
forum for new lasers, systems, and related products 
DA Belforte     Industrial Laser Review August 1998 p 13

Laser-based measurement and testing
Laser based inspection improves wafer manufacture: Real time laser 
based inspection speeds many steps in the manufacture of integrated 
circuits 
D Zankowsky     Laser Focus World , June 1998, p 125
Laser alignment helps appearance, safety, efficiency: new guidance sys-
tems are helping car and plane manufacturers place body and operat-
ing components more precisely than ever 
H Kaplan     Photonics Spectra July 1998 p 96
Tracking system guides automated welding 
W Kölbl et al     Europhotonics June/July 1998 p34

Laser sources
Diode pumping promised all-solid-state amplifiers 
J Weston     Laser Focus World, May 1998, p 123
Diode arrays provide power and flexibility 
EJ Lerner     Laser Focus World , May 1998, p 165
Diode-pumped lasers begin to fulfill formise  
L Marshall     Laser Focus World, June 1998, p63
New UV laser sources for microtechnology 
U Stamm     EuroLaser Nr 1/98,  July 1998, p 39

Beam delivery and diagnostics
UV meter sees the light 
     Eureka April 1998 p 21
How to measure pulsed laser wavelengths 
GJ Dixon     Laser Focus World , May 1998, p 201
Bench design innovations enable high performance optics: combination 
of high rigidity and light weight allows optical benches with honeycomb 
structures to replace granite table in many applications 

R Barrett     Laser Focus World , June 1998, p 151

Industrial Inmplementation
Tuppereware: a user perspective on the value of rapid prototyping 
B Morgan     Industrial Laser Review August 1998 p 17
Productivity soars with flying optic laser: next generation laser 
improves productivity, increases feed rates, and cuts material handling 
time. 
Editorial     Industrial Laser Review August 1998 p 21
Machining: users ask for competitive solutions 
J Schwartz     Photonics Spectra August 1998 p 80
Bavarian Centre serves all of Europe: Lumonic’s European customer 
cenre; total customer dedication 
Editorial     EuroLaser Nr 1/98,  July 1998, p 14

Safety and Standards
Laser safety standards - the law and the reality 
GT Forrest     Laser Focus World , May 1998, p 181
When the law is not enough 
GT Forrest     Laser Focus World , June 1998, p 80
Rogue pointers pose ristk of permanent damage 
Editorial     OLE June 1998 p 12
Risk assessment of optically aided viewing 
DH Sliney     Journal of Laser Applications June 1998  p 93
Workplace exposure during laser machining 
RM Klein et al     Journal of Laser Applications June 1998  p 99
Air contaminants generated during laser processing or organic materi-
als and protective measures 
H Haferkamp et al     Journal of Laser Applications June 1998  p 109
Ophthalmoscopic and pathologic description of ocular damage induced 
by infrared laser radiation 
JA Zuclich     Journal of Laser Applications June 1998  p 114
The indexed assessment of fumes generated by high power laser materi-
al processing 
RJ Roach et al     Journal of Laser Applications June 1998  p 121
Induced transmittance of eye-protective laser filters 
W Koschinski et al     Journal of Laser Applications June 1998  p 126
Ray tracing the human eye model to assess injury potential for laser 
beam configurations 
HJ Carter     Journal of Laser Applications June 1998  p 131
Epithelial damage thresholds for sequences of 80 ns pulses of 10.6 µm 
laser radiation 
RL McCally and CB Bargeron     Journal of Laser Applications June 
1998  p 137
Neural motor ocular strategies associated with the development of a 
pseudofovea following laser induced macular damage and artificial 
macular occlusion. Is the fovea replaceable? 
H Zwick et al     Journal of Laser Applications June 1998  p 144 

Market information
Laser markets ride out winds of change in Asia: deep uv lithography 
and  laser based annealing remain relatively healthy despite overall 
economic slowdown 
GT Forrest and Z Huanan     Laser Focus World , June 1998, p 113
New generation of X-Y cutters emerges in European market 
K Bondelie and R Gleeson     Industrial Laser Review June 1998 p 21
Industrial Laser Review - Buyers Guide 
     Industrial Laser Review July 1998 pp 29
Celebrating 20 years of laser cutting in the US: IMTS ‘98 provides 
forum for new lasers, systems, and related products 
DA Belforte     Industrial Laser Review August 1998 p 13
Machining: users ask for competitive solutions 
J Schwartz     Photonics Spectra August 1998 p 80
‘We also want to be the number one in lasers’: an interview with Tony 
Yamazaki, Executive Vice President, Yamazaki Mazak Corp,  Japan 
Editorial     EuroLaser Nr 1/98,  July 1998, p 12
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Forthcoming Events

13-18 CLEO/Europe-EQEC’98
SECC, Glasgow
Further info: Institute of Physics
Tel: 0171 470 4800 

31-5  XII International 
Symposium on Gas Flow 
Chemical Lasers and High 
Power Laser Conference
Baltic State Technical University, St 
Petersburg, Russia
Tel/Fax: +7(812)251 51 90,

16 Market Place for Industrial 
Lasers Seminar
Chicago, USA
Tel: + 603 891 9224 Fax: +603 891 0574
 

21-23 Optical Engineering I 
(Foundation) Course
SIRA  Bromley, Kent

24-25 Optical Engineering II 
(Advanced) Course
SIRA  Bromley, Kent
Tel: 0181 467 2636 

October 98

22 Lasers in the Automotive 
Industry
Make it with lasers
Nissan, Washington, Tyne & Wear
Tel: 01223 891162 

4-5 November
Photonex ‘98
KLV Ketteirng, Northamptonshire
Tel: 01932 842852 Fax: 01932 821663

4-5 Manufacturing and 
Industrial Technologies in 
Framework 5
UK Information and Brokerage Days
Queen Elizabeth II Conference Centre 
London
Tel: 0171 628 9770

19 Pulsed Laser 
Micromachining
Make it with lasers  Oxford
Tel: 01223 891162 

2 0 AILU 
General Technical 
Meeting  
(Members Only)
Rutherford Appleton Laboratory, Didcot
Details to be circulated in 
September

11 
AILU Workshop
Laser Welding for Users
TWI, Cambridge
Details will be circulated in 
September

16-19 
ICALEO ‘98
Orlando, Florida, USA
Further info: Laser Institute of America
Tel: 001 407 380 1553

Note: AILU Members may enroll at LIA mem-
ber rate

AILU supported

15 Tech Focus II 
Lasers in  
Modern Manufacturing
(part of CLEO/Europe)
Further info: AILU
Tel: 01235 539595

8 AILU 
Workshop
Laser Beam and Optics  
for Engineers 
National Physical Laboratory, Teddington
Further info: AILU
Tel: 01235 539595

Precision 3-D welded steams: employing seam-tracking sensors in laser 
welding 
Editorial     EuroLaser Nr 1/98,  July 1998, p 36

Laser micromachining
Ultrafast lasers get a boost from new materials research 
     Europhotonics February/March1998 p41
Contract manufacturers take on laser micromachining 
G Ogura et al     Laser Focus World , May 1998, p 213
Applications test potential of laser micromachining  
G Ogura et al     Laser Focus World , June 1998, p 117
Durable excimer lasers find new applications: high power uv pulses 
from excimer lasers pattern wafers and sculpt microscopoic optical ele-

ments 
EJ Lerner     Laser Focus World , June 1998, p 131
Ultrashort pulses drill microhole arrays in air: Nonlinear effects allow 
visible light to shape microstructures. Diffractive optics means that the 
effect works outside a vacuum 
Editorial     OLE July 1998 p 31
Semiconductors: better resolutions are needed 
AJ Hand     Photonics Spectra August 1998 p 72
New UV laser sources for microtechnology 
U Stamm     EuroLaser Nr 1/98,  July 1998, p 39

Other materials processing applications
Durable excimer lasers find new applications: high power uv pulses 

AILU supported

September 98 November 98
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Laser Processing

Cutting and drilling
AEA Technology  01235 464179
BLM-Adige 01525 402555 
CADCAM Technology  0115 9220464
Convergent Energy 01327 312200
Exitech  01993 883324
General Scanning  01295 270440
Howden Lasers  01382 833377
Laser Lines 01295 267755
Lumonics 01788 570321
MJ Technologies 01530 815501
Oxford Lasers  01235 554211
Prima Industrie 01203 537000
Pullmax  0113 2778330
Quantum Laser Engineering 01203 421909 
Rofin Sinar Laser 01455 250570

Marking
AEA Technology  01235 464179
CADCAM Technology 0115 9220464
Domino 01954 782551 
Electrox   01462 472400
Exitech  01993 883324
General Scanning  01295 270440
HK Technologies 01788 577288 
Howden Lasers 01382 833377
Laser Lines 01295 267755
Lumonics 01788 570321
Quantum Laser Engineering 01203 421909
Rofin Sinar Laser 01455 250570

Welding
AEA Technology  01235 464179
Convergent Energy 01327 312200
General Scanning 01295 270440
Howden Lasers 01382 833377
Lumonics 01788 570321
MJ Technologies 01530 815501
Modular Welding 0121 7667979 
Prima Industrie 01203 537000
Quantum Laser Engineering 01203 421909
Rofin Sinar Laser 01455 250570

Scribing/Engraving
AEA Technology  01235 464179
CADCAM Technology 0115 9220464
Convergent Energy 01327 312200
Exitech  01993 883324
Howden Lasers 01382 833377
Laser Lines 01295 267755
Lumonics 01788 570321
Pullmax 0113 2778330
Quantum Laser Engineering 01203 421909
Rofin Sinar Laser 01455 250570
ZED Instruments 01932 228977

 
Soldering
AEA Technology  01235 464179 
Rofin Sinar Laser 01455 250570

Rapid Prototyping
AEA Technology  01235 464179
CADCAM Technology 0115 9220464
Howden Lasers 01382 833377
Laser Lines 01295 267755
MJ Technologies 01530 815501
Prima Industrie 01203 537000
Quantum Laser Engineering 01203 421909

Resistor Trimming
AEA Technology  01235 464179

Micro-processing
AEA Technology  01235 464179
Exitech 01993 883324
Lambda Photometrics 01582 764334
Laser Lines 01295 267755
Lumonics 01788 570321
Oxford Lasers 01235 554211

Laser Measurement

AG Electro Optics  01829 733305
Lambda Photometrics  01582 764334
Laser Lines  01295 267755
Optilas  01908 326326
Renishaw  01453 844302

Laser Sources

CO2 CW ≤ 100 W average power
AG Electro Optics  01829 733305 
Avimo  01823 331071
CADCAM Technology  0115 9220464
Coherent (UK)  01223 228833
Convergent Energy 01327 312200
Domino 01954 782551 
Howden Lasers 01382 833377
Laser Lines  01295 267755
Optilas  01908 326326
Prima Industrie 01203 537000
Quantum Laser Engineering  01203 421909
Rofin Sinar Laser 01455 250570

CO2 CW > 100 W average power
Avimo  01823 331071
Coherent (UK)  01223 228833
Convergent Energy 01327 312200
Electrox  01462 472400
Howden Lasers 01382 833377
Laser Lines  01295 267755
Optilas  01908 326326

Pullmax  0113 2778330
Quantum Laser Engineering  01203 421909
Rofin Sinar Laser 01455 250570
University of Sussex 01273 678901

CO2 pulsed
AG Electro Optics  01829 733305 
CADCAM Technology  0115 9220464
Coherent (UK)  01223 228833
Convergent Energy 01327 312200
Domino 01954 782551 
Electrox   01462 472400
Howden Lasers  01382 833377
Laser Lines  01295 267755
Optilas  01908 326326
Rofin Sinar Laser 01455 250570
University of Sussex 01273 678901

Copper Vapour
Oxford Lasers 01235 554211

Diode
AG Electro Optics  01829 733305 
Coherent (UK)  01223 228833
Diomed  01223 421799
Laser Lines  01295 267755
Optilas  01908 326326
Oxford Lasers  01235 554211
Renishaw  01453 844302
Rofin Sinar Laser 01455 250570

Excimer
AG Electro Optics  01829 733305 
Coherent (UK)  01223 228833
Lambda Photometrics  01582 764334
Lumonics 01788 570321
 
Ion
AG Electro Optics  01829 733305 
Coherent (UK)  01223 228833
Lambda Photometrics  01582 764334
University of Sussex 01273 678901

Nd:YAG CW ≤ 100 W average power
Coherent (UK)  01223 228833
Laser Lines  01295 267755
Laser SOS 01480 469978
Lumonics  01788 570321
Rofin Sinar Laser 01455 250570

Nd:YAG CW > 100 W average power
AG Electro Optics  01829 733305 
Lambda Photometrics  01582 764334
Laser Lines  01295 267755
Laser SOS 01480 469978
Lumonics  01788 570321
Quantum Laser Engineering  01203 421909
Rofin Sinar Laser 01455 250570

Nd:YAG pulsed
AG Electro Optics  01829 733305 

AILU Shortlist Directory  
of Equipment and Service Providers

EQUIPMENT
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Coherent (UK)  01223 228833
Convergent Energy 01327 312200
Electrox   01462 472400
Lambda Photometrics  01582 764334
Laser SOS 01480 469978
Lumonics  01788 570321
Modular Welding 0121 7667979 
Optilas  01908 326326
Rofin Sinar Laser 01455 250570

Solid state (excluding diode)
Coherent (UK)  01223 228833
Laser Lines  01295 267755 
Lambda Photometrics  01582 764334

Other laser sources
AEA Technology  01235 464179
Howden Lasers Limited 01382 833377
Lambda Photometrics  01582 764334
Laser Lines  01295 267755
Renishaw  01453 844302
University of Sussex 01273 678901

Components and replacement parts
AG Electro Optics  01829 733305 
Heraeus Noblelight  01223 423324
Laser Lines  01295 267755
Laser SOS 01480 460990 

Services equipment

Fibre optics (high power)
Convergent Energy 01327 312200
Diomed. 01223 421799
Electrox 01462 472400
Laser SOS 01480 469978
Lumonics 01788 570321
Optilas 01908 326326
Oxford Lasers 01235 554211
Rofin Sinar Laser 01455 250570

Free Space optics: static
II-VI UK 01572 771778
AG Electro Optics 01829 733305 
Coherent Optics Europe 0116 2867110
Diomed 01223 421799
Domino 01954 782551 
Howden Lasers 01382 833377
Laser SOS 01480 469978
Optilas 01908 326326
Oxford Lasers 01235 554211
Precision-Optical Engineering 01462 440328
Prima Industrie 01203 537000
Pullmax 0113 2778330
Renishaw 01453 844302
Rofin Sinar Laser 01455 250570
V&S Scientific (London) 01707 645293

Free Space optics: scanning
Diomed  01223 421799
General Scanning 01295 270440
Laser SOS 01480 469978
Laser Lines 01295 267755
Optilas 01908 326326
Oxford Lasers  01235 554211
Precision-Optical Engineering  01462 440328
Rofin Sinar Laser 01455 250570
V&S Scientific (London)  01707 645293

Beam delivery hardware (shutters, con-
nectors, focusing head etc.)
II-VI UK 01572 771778
Coherent (UK)  01223 228833
Convergent Energy 01327 312200
Diomed  01223 421799
Electrox  01462 472400
Howden Lasers 01382 833377
Laser Lines 01295 267755
Laser SOS 01480 469978
Lumonics 01788 570321
M S Laser Associates 01942 213243
Optilas 01908 326326
Oxford Lasers  01235 554211
Prima Industrie 01203 537000
Rofin Sinar Laser 01455 250570
V&S Scientific (London)  01707 645293

Motion and positioning equipment meas-
urement and control
Howden Lasers  01382 833377
Lambda Photometrics  01582 764334
Laser Lines 01295 267755
Lumonics  01788 570321
Oxford Lasers  01235 554211
Prima Industrie 01203 537000
Renishaw 01453 844302
Rofin Sinar Laser 01455 250570

Control Software
Abington Consultants 01223 891576 
CADCAM Technology  0115 9220464
Howden Lasers  01382 833377
Laser Lines 01295 267755
Oxford Lasers  01235 554211
Prima Industrie 01203 537000

Process monitoring
Howden Lasers  01382 833377
Oxford Lasers  01235 554211
Precision-Optical Engineering  01462 440328
Rofin Sinar Laser 01455 250570

Beam delivery
Beam profilers
AEA Technology  01235 464179
AG Electro Optics  01829 733305 
Coherent (UK)  01223 228833
Exitech  01993 883324
Lambda Photometrics  01582 764334
Laser Lines  01295 267755
Liverpool University 0151 7944839
Optilas  01908 326326
Precision-Optical Engineering  01462 440328
Quantum Laser Engineering  01203 421909
Rofin Sinar Laser 01455 250570

On-line beam monitors
AEA Technology  01235 464179
AG Electro Optics  01829 733305 
Coherent (UK)  01223 228833
Liverpool University 0151 7944839
Oxford Lasers  01235 554211
Precision-Optical Engineering  01462 440328
Rofin Sinar Laser 01455 250570

Power/Energy meters
II-VI UK  01572 771778

AG Electro Optics  01829 733305 
Coherent (UK)  01223 228833
Diomed  01223 421799
Electrox  01462 472400
Lambda Photometrics 01582 764334
Laser Lines 01295 267755
Laser SOS 01480 469978
Optilas 01908 326326
Oxford Lasers 01235 554211
Precision-Optical Engineering 01462 440328
Rofin Sinar Laser 01455 250570
V&S Scientific (London)  01707 645293

Beam diagnostics
Cooling
Howden Lasers  01382 833377
Laser SOS 01480 469978
NESLAB Instruments UK 01928 562655
Oxford Lasers  01235 554211
Prima Industrie 01203 537000
Rofin Sinar Laser 01455 250570

Gas handling
Air Products plc 0345 020202
BOC Gases Sales  0800 111333
                  Technical  0181 7814749
Howden Lasers Limited 01382 833377
Oxford Lasers Ltd 01235 554211
Prima Industrie 01203 537000

Safety equipment

Eyewear
AG Electro Optics  01829 733305 
Diomed  01223 421799
Laser Lines  01295 267755
Laser SOS 01480 469978
Optilas  01908 326326
Oxford Lasers  01235 554211
Rofin Sinar Laser 01455 250570

Other laser safety equipment 
AG Electro Optics  01829 733305 
Laser SOS 01480 469978
Optilas  01908 326326
Oxford Lasers  01235 554211
Precision-Optical Engineering 01462 440328
Prima Industrie 01203 537000

Fume extraction
CADCAM Technology Ltd 0115 9220464
Howden Lasers Limited 01382 833377
M S Laser Associates 01942 213243
Oxford Lasers Ltd 01235 554211
Prima Industrie 01203 537000
Rofin Sinar Laser 01455 250570

Materials

Gases
Air Products plc 0345 020202
BOC Gases Sales  0800 111333
                  Technical  0181 7814749

Laser Steel
Armstrong 01782 202118
Precision Steel  0121 6077000
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Sub-contract R&D
Cutting and drilling
AEA Technology  01235 464179
Automated Cutting Services 01489 579144
City Engineering Bristol 0117 9654314
Convergent Energy 01327 312200
Coventry Laser Cutting  01203 468844
Exitech  01993 883324
Grantham Fabrications 01476 577037 
Inductoheat (Tewkesbury) , 01684 293473
Lakeland Laser 01768 353400
Laser Expertise  0115 9851273
Laser Lines  01295 267755
Laser Precision Engineering  0161 8767273
Laser Process  01543 466676 
Lasercut Products 01279 600521
Lasercut Services  01232 451133
Liverpool University 0151 7944839
Micrometric Techniques 01522 509999
NG Bailey Manufacturing 01274 742658
Oxford Lasers  01235 554211
The Laser Cutting Co 0114 2440126
University of Sussex 01273 678901
VM  Fabrications  01226 770022 
Vosper Thornycroft 01703 445144
Welding
AEA Technology  01235 464179
Convergent Energy 01327 312200
Electron Beam Processes 01932 566521
Inductoheat (Tewkesbury) , 01684 293473
Lakeland Laser 01768 353400
Laser Expertise  0115 9851273
Liverpool University 0151 7944839
Micrometric Techniques  01522 509999
Modular Welding 0121 7667979 
M S Laser Associates 01942 213243
NG Bailey Manufacturing 01274 742658
The Laser Cutting Co  0114 2440126
University of Sussex 01273 678901
Marking
AEA Technology  01235 464179
Automated Cutting Services 01489 579144
Exitech  01993 883324
HK Technologies 01788 577288 
Laser Lines  01295 267755
Lasercut Products  01279 600521
Liverpool University 0151 7944839
M S Laser Associates 01942 213243
Micrometric Techniques  01522 509999 
Quantum Laser Engineering 01203 421909
The Laser Cutting Co 0114 2440126

Scribing
AEA Technology  01235 464179
Convergent Energy 01327 312200
Coventry Laser Cutting  01203 468844
Exitech  01993 883324
Laser Lines  01295 267755
Lasercut Products  01279 600521
Micrometric Techniques  01522 509999
NG Bailey Manufacturing 01274 742658
Oxford Lasers  01235 554211
The Laser Cutting Co  0114 2440126
Micro-processing
AEA Technology  01235 464179
Exitech  01993 883324
Laser Lines  01295 267755
Oxford Lasers  01235 554211
The Laser Cutting Co  0114 2440126
University of Sussex 01273 678901
Other processes

AEA Technology  01235 464179
Coventry Laser Cutting  01203 468844
Inductoheat (Tewkesbury) , 01684 293473
Lasercut Products  01279 600521
NG Bailey Manufacturing 01274 742658
Precision Steel  0121 6077000
The Laser Cutting Co  0114 2440126

Consultancy & training

Laser Sources
AEA Technology  01235 464179
AG Electro Optics  01829 733305 
Convergent Energy 01327 312200
Diomed  01223 421799
Electrox  01462 472400
Laser Lines 01295 267755
Laser SOS 01480 469978
M S Laser Associates 01942 213243
National Physical Laboratory 0181 9436758
Oxford Lasers  01235 554211
Quantum Laser Engineering  01203 421909
Renishaw  01453 844302

Mechanical
Laser Lines  01295 267755
M S Laser Associates 01942 213243
Quantum Laser Engineering  01203 421909

Other
AEA Technology  01235 464179
Laser Lines  01295 267755
National Physical Laboratory 0181 9436758

Repairs & calibration

Equipment and applications consultancy
AEA Technology  01235 464179
Coventry University 01203 838750
Europtics Partnership 01491 872602
Exitech  01993 883324
Heriot Watt University 0131 4513081
Laser Expertise  0115 9851273
Laser Process  01543 466676 
Liverpool University 0151 7944839
Loughborough University 01509 223216 
Modular Welding 0121 7667979
M S Laser Associates 01942 213243
Oxford Lasers  01235 554211
Rofin Sinar Laser 01455 250570
Rugby College 01788 541666
The Laser Cutting Co  0114 2440126
The Welding Institute 01223 891162
University of Sussex 01273 678901

Marketing consultancy
Coventry University 01203 838750
Heriot Watt University 0131 4513081
Liverpool University 0151 7944839
Modular Welding 0121 7667979
Oxford Lasers  01235 554211
Pro Laser 01235 550522
The Welding Institute 01223 891162

Training courses in lasers and applications
Abington Consultants 01223 891576 
Coventry University 01203 838750
Heriot Watt University 0131 4513081
Laser Expertise  0115 9851273
Liverpool University 0151 7944839
Loughborough College 01509 215831
Loughborough University 01509 223216
M S Laser Associates 01942 213243

Oxford Lasers  01235 554211
Pullmax  0113 2778330
Renishaw  01453 844302
Rofin Sinar Laser 01455 250570
Rugby College 01788 541666
The Welding Institute 01223 891162

Safety consultancy and training
Laser Expertise  0115 9851273
Loughborough College 01509 215831
Loughborough University 01509 223216
Oxford Lasers  01235 554211
Pro Laser 01235 550522
Rugby College 01788 541666
The Welding Institute 01223 891162

Optical design
Europtics Partnership 01491 872602

 Job shops

Applications
AEA Technology  01235 464179
CADCAM Technology  0115 9220464
Coventry University 01203 838750
Diomed  01223 421799
Electron Beam Processes 01932 566521
Europtics Partnership 01491 872602
Exitech  01993 883324
Heriot Watt University 0131 4513081
HK Technologies 01788 577288 
Inductoheat (Tewkesbury) , 01684 293473
Laser Expertise  0115 9851273
Laser Process  01543 466676 
Liverpool University 0151 7944839
M S Laser Associates 01942 213243
National Physical Laboratory 0181 9436758
Oxford Lasers  01235 554211
Rofin Sinar Laser 01455 250570
The Laser Cutting Co  0114 2440126
The Welding Institute 01223 891162
University of Sussex 01273 678901 
University of Warwick 01203 522650

Measurement
AEA Technology  01235 464179
AG Electro Optics  01829 733305 
Coventry University 01203 838750
Europtics Partnership 01491 872602
Heriot Watt University 0131 4513081
National Physical Laboratory 0181 9436758
Oxford Lasers  01235 554211
The Welding Institute 01223 891162
University of Sussex 01273 678901

Optics and beams
II-VI UK  01572 771778
AEA Technology  01235 464179
Diomed  01223 421799
Europtics Partnership 01491 872602
Exitech  01993 883324
Heriot Watt University 0131 4513081
National Physical Laboratory 0181 9436758
Oxford Lasers 01235 554211
Precision-Optical Engineering  01462 440328
The Welding Institute 01223 891162
University of Sussex 01273 678901

SERVICES

Not in our directory? Incorrect entry? 
Call AILU on 01235 539595
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Coming up in Issue 13
LASER TECHNOLOGY
Diode Pumped YAGS
Tim Holt highlights progress in this exciting  
technology.
CO2 Laser Technology
Editorial review.
LASER PROCESSING
Laser Marking
Colin Freeland discusses solutions for some difficult 
materials and shapes.

LASER OPTICS
Laser Mirrors
Gareth Rowles introduces a review of the technology.
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