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The principal objectives of AILU 
include:

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

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

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

 • To disseminate professional and 
other information to members.

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

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

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

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

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

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

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

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

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

The AILU objectives

Benefits of  
membership 

Helping you make the most of laser technology

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

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

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

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

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

+44 (0)1235 539595

What does AILU membership mean to me?

One word which keeps reappearing 
within AILU circles and in this maga-
zine is ‘community’. This sums up the 
essence of AILU - keeping people in 
touch with each other and what is hap-
pening in our industry, for the benefit of 
everyone. I also like the fact that there 
are always AILU members who are will-
ing to help when one needs some advice 
or guidance, even if those people might 
be competitors. There can’t be many 
industries where direct competitors are 
so friendly and helpful to each other! 

The other big draw of being an AILU 
member is this magazine and I hope 
AILU can continue to finance the print 
edition despite the obvious cost burden 
of producing such a glossy publica-
tion. Many other trade journals have 
gone purely online but, for me, there is 

nothing quite 
like sitting down 
with the physical 
magazine and 
reading it rather 
than squinting 
and scrolling 
on a computer 
screen. 

The big chal-
lenge for AILU 
is to bring more 
end users on board and the magazine 
can be one of the tools by which we 
can reach out more widely and extend 
the AILU community further.

Nadeem Rizvi 
Managing Director 
Laser Micromachining Ltd

Krste Pangovski holding the fourier domains 
TrueGHz ultrafast holographic camera at the 
recent Laser World of Photonics Expo 2015 
in Munich. The camera is at the heart of a 
new LMP diagnostic technique (p 16). Also in 
this issue are short pulse laser applications 
in holographic traceability marking (p 22) and 
paper-based disposable fluidic devices (p 24). 
To compliment these there are two papers on 
beam delivery: fast scanning of high PRF fs laser 
beams (p 18) and combined scanning and servo 
systems for large area marking (p 20).
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ASSOCIATION NEWS

WELCOME TO NEW 
CORPORATE MEMBERS

Gas Container Services (GCS)
Contact: Stuart Roberts 
E: stuartroberts@gcs.eu.com

Paradigm Laser Research
Contact: Kunihiko Washio
E: k-washio@paradigm-laser-
research.jp

PowerPhotonic
Contact: Roy McBride
E: roy.mcbride@powerphotonic.
co.uk

University of Chester
Contact: Jonathan Lawrence
E: j.lawrence@chester.ac.uk

XL Precision Technologies
Contact: Tom Graham
E: t.graham@xl-pp.com 

Message from new ALM SIG Chair
Firstly I would 
like to thank AILU 
for giving me the 
opportunity to 
take on the role of 
the Additive Layer 
Manufacturing 
Special Interest 
Group (ALM SIG) 
Chair from Rob 
Scudamore. The aim of the Group is 
to provide a UK focus for its members 
with an interest or activity in the proc-
ess; in particular by sharing experienc-
es and updates on the development of 
AM technology. As Section Manager for 
Laser Additive Manufacture within TWI I 
aim to enhance the ALM SIG along with 
my direct involvement in the EU coordi-
nating supporting action project FoFAM, 
which aims to assess AM industrialisa-
tion across different sectors. 

There is currently a lot of AM activity 
worldwide with laser processing at its 
heart and it’s important we keep this 
momentum going within the UK laser 
community. The ILAS event in March is 
a case in point: we had a good attend-
ance at the AM plenary presentation 
and the technical sessions.  

As AM SIG Chair I will look at oppor-
tunities where as a community we 
can input into relevant strategies and 
events, particularly linking with the cur-
rent UK AM strategy. With this in mind 
I am proposing a Laser AM focused 
event for AILU in the first half of 2016. 

I would be pleased to hear from you 
on any matter concerning the AM SIG 
with any ideas or suggestions on how 
we can continue to work together in 
this field.

Emma Ashcroft 
E: Emma.ashcroft@twi.co.uk 
W: www.twi-global.com

FIRST WORD 
During the past 
months since the 
AGM in April, I 
have been busy 
talking to AILU 
members about 
what they like and 
how we can do 
things better in the 
future. Thanks very much to all who 
have submitted their feedback on the 
AILU online survey during July: I am 
keen to share the results with you and 
also to take on board your comments 
and suggestions for improvement. I am 
encouraged by stories of growth and 
success among many AILU members, 
and you can see plenty of upbeat news 
in this issue of the magazine.

In June, I visited Laser World of 
Photonics in Munich, which provided an 
excellent opportunity to catch up with 
old friends and meet plenty of new ones 
(both members and non-members of 
AILU). I first attended this show in 1991 
and have found that it always delivers 
exciting developments and changes 
in the world of lasers. There is a short 
review of the show in this issue of the 
magazine with a few images highlighting 
some of the trends at the show.

There are plenty of things happening 
over the next few months, in particular 
we have a welding workshop on 22nd 
September, the annual jobshop busi-
ness meeting on 14th October and the 
Advanced Engineering show on 4 & 5th 
November – please put them in your 
diary! We are also pleased to announce 
another workshop will be held in 
December at the University of Chester 
(we welcome them as new members 
of AILU this year) – watch out for more 
details soon.

From the recent survey I know that 
members value News, Networking, 
Information and Events as the most 
important facets of AILU – so I'm sure 
that this magazine and the forthcoming 
events will surely be well received.

Finally, this issue of The Laser User will 
be the last with Mike Green as Editor 
– so I would like to thank him for the 
dedication and effort that has gone into 
creating 77 issues in 20 years.  Thank 
you very much, Mike!

Dave MacLellan
E: dave@ailu.org.uk 
L: www.linkedin.com/in/davemaclellan  
M: 07473 121142

AILU’s new SIG
A Power Beam Processing (PBP) Special 
Interest Group will be launched at 
AILU’s forthcoming power beam weld-
ing workshop (see p 33 for details). Nick 
Longfied (Rolls-Royce Marine Power), 
who proposed the SIG at the AILU 
Committee Meeting on 25th February, 
believes that the electron beam and 
laser beam welding communities have 
a lot in common and, having himself 
recently made the transition from laser 
to electron beam welding, is confident 
that the two communities can learn from 
each another.

AILU is becoming more Social
Social media for business is a growing 
method of communication that can help 
us disseminate news, engage in con-
versation and promote our association 
within our existing networks. Starting in 
April this year, we began using social 
media to share AILU news, events and 
discussions. Make sure you Follow or 
Like the relevant profile to keep in touch. 
Items of news and events which are 
posted on the AILU website will also be 
shared on social media – you can help 
promote your news by re-tweeting or 
adding a Like.

Here are short links to the various chan-
nels where you can find AILU:

http://bit.ly/LinkedInAILU

http://bit.ly/TwitterAILU

http://bit.ly/FacebookAILU

LinkedIn Members Group 
As AILU members, if you already partici-
pate on LinkedIn then you might like to 
join the new AILU Members Networking 
Group.  Here you can start or join in the 
discussions on topics of interest to AILU 
members. This is a great forum to ask 
and answer questions and to engage 
with the AILU network to give input or 
help in any area you like.  It is a closed 
group, but all staff at AILU member com-
panies are welcome to join – another 
benefit of membership.

You can find the group at: http://bit.ly/
LinkedInMembersGroup 
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Full details of all news items here, plus additional news items that missed the cut, can be found on the AILU web site

BUSINESS

Rofin business news
40th anniversary
Rofin celebrated its 40th anniversary at 
this year's Laser World of Photonics with 
new releases across the entire breadth 
of its extensive product portfolio. Under 
the motto "40 Years of Successful 
Partnerships", innovations in multi-
kilowatt fibre and diode lasers, ultrashort 
pulse laser sources, UV marking lasers 
and 3D marking solutions were on show.

Management change
Thomas Merk (previously Chief 
Operating Officer of the Rofin Laser 
Micro and Marking Group) has succeed-
ed Günther Braun as President and Chief 
Executive Officer of the Company.

Contact: Gavin Markillie 
E: gavinm@rofin-uk.com 
W: www.rofin-uk.com

Trumpf announce a new MD
Annette Doyle is the 
new Managing Director 
of Trumpf (UK). She 
comes from Trumpf 
Inc. in Farmington, 
US where she served 
as Head of Customer 
Training Centre and as 
Assembly Department 
Manager for Trumpf’s TruLaser machines. 

“I lived in the United Kingdom before my 
time in the US. I feel confident and well-
prepared for this transition and look for-
ward to officially joining Trumpf Limited 
as we enter the new fiscal year, and 
strive to continue the positive growth 
and development of Trumpf in the United 
Kingdom," says Mrs. Doyle. 
Contact: Gerry Jones 
E: g.jones@uk.trumpf.com 
W: www.trumpf.com

SPI Lasers appoints new CEO 
Dr Thomas Fehn 
is the new CEO at 
SPI Lasers. He has 
extensive industry 
experience and mar-
ket knowledge hav-
ing most recently 
been Executive Vice 
President of Jenoptik 
AG, for the last 9 years. 

“I am very pleased to be joining the SPI 
Lasers team at this exciting time in their 
development; I am committed to contin-
uing to lead the company forward in the 
Fibre Laser and Photonics marketplace. 

The news follows the recent acquisition 
of JK Lasers by SPI Lasers, and has 
been seen by many as a major commit-
ment by its parent company Trumpf, to 
its Fibre Laser business.
Contact: Jack Gabzdyl 
E: jack.gabzdyl@spilasers.com 
W: www.spilasers.com

Growth for Laser Micromachining Ltd

Laser Micromachining Ltd. is now in its 
tenth year of supplying fast turnaround, 
high-precision, sub-contract laser manu-
facturing services to industry as its busi-
ness continues to grow. LML has report-
ed that turnover for 2014/15 increased 
by 60% over the previous year and the 
outlook remains extremely positive. 

This growth has allowed LML to increase 
its workforce of engineers and the 
number of laser tools which it has built 
to provide laser production services. The 
company operates a suite of manufac-
turing tools which use the latest genera-
tion of pulsed lasers spanning UV-IR 
wavelengths and nanosecond-ultrashort 
pulsewidths.

As part of the programme of promoting 
the benefits of laser micro-machining 
to industry, LML has also recently 
upgraded its website which now boasts 
dozens of pictures and videos of preci-
sion micro-machining examples in all 
common engineering materials. 

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

Promotion for Adam Clare
Adam has been 
promoted to 
Associate Professor 
at the University of 
Nottingham. He joined 
the University in 2010 
and now leads a team 
investigating the mate-
rial processing tech-
niques for high value 
component manufacture. Naturally, a 
central part of this is using laser tech-
niques to melt, texture, modify and 
inspect.

E: Adam.Clare@nottingham.ac.uk

A new partnership: MTC@LJMU
A partnership between Liverpool John 
Moores University and the Coventry-
based Manufacturing Technology Centre 
is set to become a thriving hub for UK 
business innovation through a new 
'Business Launch Centre MTC', based 
at LJMU. MTC@LJMU will provide a 
one-stop-shop for business and product 
incubation, build and commercialisa-
tion for the maritime industry as well as 
helping businesses access new funding 
streams and pointing them towards the 
potential of emerging technologies.

Contact: Martin Sharp 
E: m.sharp@ljmu.ac.uk 
W: www.ljmu.ac.uk

SJC Hutchinson Engineering has invested 
over £3.2 million through expansion and 
the latest laser technology, with a view to 
continuing its year on year growth. This 
new investment sees a larger (60,000 sq 
ft) manufacturing site in Kilrea, Northern 
Ireland, with two new lasers.

Opening the company’s new site 
Hutchinson Engineering’s managing 
director, Mark Hutchinson said: “Since 
1998 Hutchinson Engineering has invest-
ed in the latest cutting edge technolo-
gies and R&D to ensure that our service 
meets the needs of our customers 
across many diverse sectors, including; 
transport, oil, gas, aerospace, materials 
handling, medical, agricultural and recy-
cling sectors.

“This new capital investment marks 
another building block in the company’s 
growth. It will help to underpin our com-

petitive position and achieve the aim of 
substantially increasing sales to global 
customers over the next three years.”"

The engineering sector accounts for a 
large proportion of manufactured exports 
from Northern Ireland. 
Contact: Mark Hutchinson 
E: mark@hutchinson-engineering.co.uk 
W: www.hutchinson-engineering.co.uk

Mark Hutchinson (left), Managing Director and 
Richard Hutchinson, Operations Director

Hutchinson Engineering opens new site
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SOURCES

Rofin’s 6 kW fibre-coupled diode laser 
Rofin have intro-
duced a new series 
of fibre-coupled, 
high-power diode 
lasers for all surface 
treatment industrial 
applications tasks 
such as hardening, 
brazing, soldering 
and coating. 

The new DF 060 
HP provides a laser output power of 6 
kW. This is made up from the output of 
multiple diode laser modules, each pro-
viding an optical output power of 1 kW, 
combined together and coupled into a 
multi-mode single core fibre. Each mod-
ule is monitored individually and can be 
replaced on site if necessary.

The robust system comes with an inte-
grated cooling unit, enabling the use of 
standard industrial tap water. 

The high efficiency and smooth beam 
profile makes the new diode laser an 
ideal tool for all surface treatment tasks.  

Contact: Gavin Markillie 
E: gavinm@rofin-uk.com 
W: http://www.rofin-uk.com

New beam-combining laser diode
Hamamatsu Photonics has achieved 
narrow-bandwidth and stable-wave-
length operation of a high-power laser 
diode (LD) stack configuration using a 
single plane type Volume Bragg Grating* 
(VBG) with a narrow spectral bandwidth: 
the VBG produced an 8.4-fold band-
width reduction. 

By controlling the wavelength from two 
high-power LD stacks at the same time 
using a stripe mirror and a VBG their 
output besms could be combined. This 
exciting new advancement may lead 
to the development of an excitation LD 
light source that improves the perform-
ance of all solid-state lasers.

Contact: Maria Fetta 
E: info@hamamatsu.co.uk 
W: www.hamamatsu.com

*These VBGs are optical devices with a Bragg 
grating in the form of a periodic slight change 
in the refractive index, created inside a pho-
tothermo-refractive glass by a photo-induced 
refractive index (photorefractive) effect. The 
VBG strongly reflects light in a narrow band-
width and only in a specific directionIts use 
improves LD’s horizontal and vertical mode, 
and realise stable wavelength and narrow 
bandwidth.

50 kW Laser System from Innolas
InnoLas (UK) Ltd has expanded the 
ILR range of pulsed industrial lasers to 
include the new 50 kW (peak power) 
ILR774D. The combination of excellent 
beam quality, high energy and very high 
peak power make this laser ideally suited 
to a wide range of drilling applications 
including aerospace and gas turbine 
components. Capable of drilling holes in 
materials >30 mm thick, the system can 
also be used for high aspect ratio weld-
ing, as well as for cutting applications.

Designed and 
built in the UK, 
the ILR range 
now includes 
lasers with peak 
powers of 8kW, 
20kW, 30kW and 
50kW to cover 
a wide range 
of laser materi-
als processing 
needs. Innolas 
offers a free sample processing service 
for users to assess performance.

Contact: Ian Duckett 
E: iduckett@innolas.co.uk 
W: www.innolas.co.uk



The Laser User      Issue 77, Summer 20154

BEAM DELIVERY

AH0714B-LM-LTD

Contact our Laser Processing and Micromachining 
Group to discuss your application today.
Ph: +44 (0)1256 855055 
Email: sales@aerotech.co.uk
www.aerotech.co.uk

Dedicated to the 
Science of Motion

Aerotech’s New 
Nmark AGV-HPO GALVO SCANNER

Accurate • Stable • Flexible • Scalable • Economical

Accuracy
Single-digit micron accuracy
Stable
Consistent performance over long 
operating periods
Configuration Flexibility
10 to 30 mm apertures at multiple laser 
wavelengths
Ease of Integration
No wiring interference with laser beam 
delivery
Economical
Open-frame design reduces cost

AH0714B-LPM-LTD-AGV-HPO-126x190.indd   1 6/23/2015   8:59:27 AM

Nozzle changer for fibre laser

Following the successful integration 
of the nozzle changer on its CO2 laser 
systems, LVD is extending the option to 
the Electra, it's high-speed fibre laser 
cutting system. Featuring storage for 
10 nozzles, the option brings greater 
autonomy, reduces piercing times and 
increases overall throughput on the 
machine. Requiring no operator inter-
vention, the nozzle changer reduces 
downtime by quickly performing chang-
es including cleaning and checking the 
nozzle alignment.

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

Improved laser cutting head 
HIGHYAG 
Lasertechnologie 
GmbH (HIGHYAG), 
a subsidiary of II-IV, 
presented its latest 
generation products 
for material process-
ing with solid state 
lasers at this year’s 
Laser World of 
Photonics in Munich. 

HIGHYAGs improved 
BIMO-FSC laser cut-
ting head now fea-
tures new compact 
electronics with more interface options 
as well as a new and optimised cut-
ting attachment. Variants with machine 
controlled adjustment of focus position 
will now be rated for laser powers of up 
to 8 kW. Maximum productivity can be 
achieved by usage of the BIMO-FSC 
with machine controlled adjustment of 
focus position and focus diameter. This 
enables flexible cutting of various sheet 
thicknesses without manual intervention. 

Contact: Gareth Rowles  
E: gareth@ii-vi.co.uk 
W: www.highyag.com

New Premium-Class Scan System
Scanlab AG's excelliSCAN is a new 
high-end scan system that delivers sig-
nificant productivity gains in numerous 
industrial micro-processing applica-
tions. Its mechanical design ensures 
robustness alongside improved thermal 
management. As a result it meets rigor-
ous demands for dynamics, precision 
and long-term stability in 24/7 operation. 
The excelliSCAN utilises galvo scanners 
with ultra-precise digital angle sensors 
and it has a completely new SCANahead 
servo control, allowing very high speed 
with very high dynamic performance. 
The new system is available with a 
14-mm aperture; a 10-mm version is in 
preparation. 

Flexible control reduces costs
Scanlab has added 
an Ethernet-based 
product to its lineup of 
RTC controller boards. 
Optional functional-
ity can be activated 
for controlling a third 
axis (3D), processing moving objects 
(processing-on-the-fly) or simultaneously 
controlling two scan heads. 
Contact: Erica Hornbogner 
E: info@scanlab.de 
W: www.scanlab.de
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MEASUREMENT AND SAFETY

Ophir's new light measurement system
Ophir's new 
Irradiance and 
Energy Density 
Sensor, the 
PD300RM, meas-
ures narrowband 
LED and laser 
sources between 
200 and 850nm. The 
sensor automatically adjusts to provide 
correct power and energy measurements 
based on the specific wavelength des-
ignated by the user. The PD300RM also 
incorporates a cosine corrected quartz 
glass diffuser, suitable for UV radiation.

“LEDs and lasers are rapidly replac-
ing wide band light sources in a variety 
of applications,” stated Dr. Efi Rotem, 
Project Manager, Ophir Photonics. “But 
traditional radiometers are designed for 
wideband sources. Because their spec-
tral response is not flat, they are not suit-
able for measuring narrowband sources. 
The PD300RM-UV is for irradiance levels 
15 nW/cm² – 300 mW/cm² whilst the 
PD300RM-8W is for irradiance levels 
0.2 μW/cm² – 8 W/cm²

Contact: Kenneth Ferree 
E: kennethf@spiricon.com 
W: www.ophiropt.com

In-situ quality assurance 

Active quality assurance is one of the 
most important requirements of additive 
production users. Monitoring the key 
data of a laser melting system regard-
ing oxygen content, temperature, laser 
output and powder quality is part and 
parcel of the standards nowadays. 
However, a comprehensive statement 
about the quality of the part cannot 
be made simply on the basis of these 
machine parameters. 

From 2016 onwards Concept Laser's 
LaserCUSING machines will include the 
QMmeltpool 3D for three-dimensional 
real-time monitoring and supplying qual-
ity-relevant data in real time for process 
monitoring and documentation.

Contact: Tim Millard 
E: t.millard@estechnology.co.uk 
W: www.estechnology.co.uk 

S
ource: C

oncep
t Laser

Success for Lasermet’s Laser Castle
Lasermet's presentation of the latest ver-
sion of their modular Laser Castle at the 
2015 Laser Photonics Show in Munich 
attracted much interest. Lasermet also 
featured the Handy Laser Welder system 
demonstrating a leap forward in active 
guarding technology. 

Specifically designed as the certified, a 
laser safety solution for OEM integrators, 
the Laser Castle enclosure includes the 
OEM version of ICS-6 interlock control 
system. 

The Handy Laser Welder system com-
prises the laser, active laser safety face-
guard and active clothing, and the active 
cabin, automatic doors, fume extraction, 
LED warning signs and the Performance 
Level ‘e’ (PL ‘e’) interlock control sys-
tem. Being modular, the cabin itself can 
easily be relocated and rebuilt – or even 
increased in size with the addition of 
more modular panels. 

Laser Castle is the ultimate, certified, 
failsafe, modular, rapid-build laser safety 
enclosure.

Contact: Phil Jones 
E: Phil.Jones@lasermet.com 
W: www.lasermet.com/lasercastle

  

Laser Safety Classification, Standards, Advice, Training, Laser
Testing, Design, Manufacture, Installation, FDA/CDRH reports...

01202 770740
sales@lasermet.com
www.lasermet.com

For Laser Safety think

For ALL your laser safety needs
British Designers, Manufacturers and Installers of Laser Safety Equipment and Systems

Modular, Rapid-Build,
Passive Cabins

www.lasermet.com/lasercastle

Patented, Modular, Active
Laser Guarding System

www.lasermet.com/activelaserguard

• Lasers to BS EN IEC 60825-1

• LEDs to BS EN IEC 62471 and
to BS EN IEC 60825-1:2001

• Toys: Electric Light Emitting
Toys to BS EN 62115:2005

• Laser Power Meter calibration
2682

Laser and LED Testing

UKAS Accredited Test House

Laser Interlock
Controllers to PL ‘e’

We design your Laser Safety
Interlock Control Systems
to comply with the latest
laser safety standards
www.lasermet.com/ics6

LED Signs

Dual Colour,
Dual Message

Compliant Laser Warning Labels
and Eyewear -

Buy online at lasermet.com

Laser Blocking
• Curtains
• Screens
• Roller Blinds

Lasermet_AILU_AdApr2015_190x125mm.qx8_(v)  21/04/2015  16:32  Page 1
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POSITIONING AND MATERIALS PROCESSING

News from Aerotech
XY linear-motor stage 
Aerotech’s 
PlanarDLA 
integrated, 
open-frame 
stages have 
high dynamics 
and exception-
al geometric 
performance in a low-profile package. 
The PlanarDLA XY design is optimised 
for applications where straightness and 
flatness of motion are critical. High-
precision roller bearings, precision-
machined surfaces, and non-contact 
direct-drive linear motors driving through 
the axes’ center-of-stiffness result in a 
positioning stage with straightness to 
±0.5 μm and flatness to ±1.25 μm.

At the heart of the PlanarDLA is 
Aerotech’s proprietary noncontact, direct-
drive technology. Only direct-drive tech-
nology offers high speed and accurate 
positioning coupled with maintenance-
free operation and long service life.

Nanopositioners for extreme precision
The QNP-Z 
series piezo 
nanoposition-
ing stages join 
Aerotech’s 
growing piezo 
stage family. 
The QNP-Z 
series provides the resolution, linearity, 
repeatability, and high dynamics required 
for the most demanding applications 
from microscopy to optics alignment. 
With resolution to 0.15 nm, linearity 
to 0.007%, and repeatability to 1 nm, 
nanometer-level precision is assured.

Two-axis gear-drive gimbal
AMG-GR gear-
driven motorised 
gimbals provide 
economical, high-
accuracy elevation-
over-azimuth posi-
tioning. The AMG-
GR is available in a 
variety of standard travel ranges in both 
azimuth and elevation to fit any applica-
tion. Due to the flexibility of the design, 
customised travels are easily accom-
modated. A variety of accuracy grades, 
motor types, and cell designs make this 
the ideal solution for applications rang-
ing from sensor calibration to laser beam 
steering.

Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk 
W: www.aerotech.com

New developments from Laserdyne
SmartPierce™
SmartPierce™ is a software feature that 
eliminates splatter of molten material 
around the pierce location making for a 
consistent and smoother appearing entry 
point. Using this feature, provided exclu-
sively on all Laserdyne’s new multi-axis 
laser systems, the diameter of the pierce 
point is smaller than a conventional 
pierce point when controlled by the sys-
tem software, ensuring that it is the same 
width as the cut. 

The SmartPierce capability is important 
in wide range of applications from thick 
to thin metal cutting, wherever small fea-
tures or thin materials are involved. 

SmartStop™
SmartStop™ helps prevent “back wall” 
damage when trepan and percussion 
drilling turbine engine combustor com-
ponents. Back-wall damage occurs 
when impingement of the laser beam on 
the part surface behind the one being 
drilled (referred to as the “back-wall”) 
causes unacceptable melting of the sur-
face of the back-wall (see image).

Now, based on 
advanced laser 
parameter con-
trol capability of 
the Laserdyne 
S94P, it is 
possible to 
minimise and, in 
some applica-
tions, eliminate 
back-wall dam-
age even in 
parts with small 
(1mm) gaps 
between the 
back-wall and 
drilled surface. 

Contact: Mark Barry 
E: LDS.SALES@primapower.com 
W: www.primapower.com

SmartPierce™ creates a clean pierce point that 
is the same diameter as the cut width (right). 
Unlike the conventional piece (left) the area 
around the pierce point is also clean with no 
debris. Both examples show piercing operations 
on 10.5 mm thick Haynes® 617 material.

Cloud software for metal utilisation
Toni Räber, 
joint manag-
ing director of 
AL-Cut AG, a 
nine-man sheet 
metalworking 
subcontractor 
near Lucerne, 
Switzerland, 
is one of the 
first Bystronic 
laser profiler 
users to the new 
cloud-based 
ByOptimizer 
nesting service. 

Data is entered into the company’s 
BySoft software and uploaded to the 
ByOptimizer online service. The finished 
cutting plan, which arrives shortly after, 
exploits common line cutting and mini-
mise gaps between parts to optimise 
cutting time and material.

Toni Räber concluded, “ByOptimizer 
speeds the entire workflow. In some 
cases we have achieved material savings 
of as much as 50 per cent.”

Contact: Dave Larcombe 
E: david.larcombe@bystronic.com 
W: www.bystronic.com

Toni Räber (right) and 
Thomas Seeholzer perform 
a final check of the cutting 
process on the Bystronic 
CO2 laser cutting machine’s 
control screen.

Laser materials processing

Certain engine combustor 
designs require use of a 
louver feature to direct 
cooling air at a right angle 
to the flow. Often, it is 
challenging to prevent 
back-wall damage when 
laser drilling these 
combustors. As pictured, 
the LASERDYNE S94P 
control feature SmartStop™ 
minimises and, in some 
cases, prevents this back-
wall damage.

Full details of all news items here, plus additional news items that missed the cut, can be found on the AILU web site

Ultrashort pulse laser application 
At Laser World of 
Photonics 2015 
the Bayerische 
Laserzentrum 
(blz), in combina-
tion with Rofin 
provided a dem-
onstration of high speed ultrashort pulsed 
scribing in organic solar cells manufac-
ture using ultrafast beam deflection.

A Rofin StarFemto was used with three 
different beam guidance technologies: 
liquid crystal spatial light modulation 
(SLM); acousto-optic modulation and 
conventional galvo scanner deflection. 

Rofin’s StarFemto offers 20 W average 
power and up to 2 MHz pulse frequency. 
To take full advantage of this source sin-
gle pulses have to be selected and dis-
tributed over the workpiece. This allows 
for dramatically higher throughput rates 
and reduces the risk of unwanted heat 
accumulation. blz integrates innovative 
beam guiding technologies with laser 
sources like Rofin’s StarFemto and spe-
cialised control software to new indus-
trial solutions.

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

Im
age: Fuchs/b

lz
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Smartphones and tablets have changed 
our lives. With the next generation of all-
in-one mobile devices well on its way, 
lasers are driving innovation for each 
and every component.

Cutting sapphire for smartphone  
camera protection 
The industry is increasingly relying on 
materials for which laser processing 
is pretty much the only viable option. 
Materials such as sapphire, the world’s 
second-hardest substance, are ideal 
for use in devices that travel from hand 
to pocket several times a day, scraping 
against keys in the process. Transparent 
sapphire covers protect sensitive smart-
phone cameras from this kind of wear 
and tear. 

With ultra-short pulses and the high-
est possible pulse peak intensity, lasers 
can cut sapphire quickly, accurately, 
without the need for reworking and even 
with a stepped edge optimising instal-
lation. Light is the only tool that has the 
potential to process the several hundred 
thousand units per day needed.

Cutting and making contact of  
flexible film circuits 
At the same time, lasers are increas-
ingly finding their way into the interior of 
smart devices, too. Manufacturers have 
been calculating the available installa-
tion space in terms of cubic millimeters 
for quite some time now, playing “Tetris” 
with the electronic components to fit 
them in. 

One of the ways they are able to do this 
is by using flexible film circuits made of 
polyimide, which can match the available 
space. This means that they can be cut 
to the exact size and shape required — 
to connect different functional groups, for 
instance. Lasers are perfect for this task, 
as they permit free forms, do not suffer 
wear and tear, manufacture with 100% 
reproducibility, and exert no mechanical 
strain on the workpiece.  

Machining display glass by laser 
By far the most expensive compo-
nent is the touch screen. The display 
assembly alone accounts for about a 
quarter of total production costs, mak-
ing it the ideal place to look for expense 
savings. A display is made up of two 
glass sheets, each around 300 μm thick. 
Between them lie the transistors for con-
trolling the pixels, the liquid crystals in 
the LCDs or the OLEDs, and one or two 
coated films for the touch screen func-
tions.  

The trend is to reduce the thickness and 
increase the toughness of the glass, 
which makes it even harder to process 
by conventional means. For example, 
it is almost impossible to cleanly score 
and break this new glass. Etching is one 
viable alternative, but dry processes 
using lasers are always going to be less 
trouble. 

Accordingly, new production lines 
increasingly feature ultra-short pulse 
lasers. They cut the glass in a cold 
process that does not cause thermal or 
mechanical stresses in the workpiece. 
As an added bonus, the lasers produce 
smooth edges that have no micro-
fissures and require no reworking. This 
considerably reduces the likelihood of 
glass breakage 

Even so, there are processes that a 
promise of significant improvements 
to laser-based pulse-by-pulse cut-
ting of glass. In particular ultra-short 
laser pulses can be used to modify an 
extremely narrow area inside the glass 
along the “cutting” line. The change cre-
ates an intrinsic tension that causes the 
glass to break cleanly and exactly along 
this fault line to within 10 μm. The first 
machines able to cut glass in this way 
have already been built. 

Flexible screens with OLED 
Lasers are also the way forward for the 
screens of the future. Flexible OLED 
screens are the stuff of dreams for prod-
uct designers and production engineers. 
Mounting organic light-emitting diodes 
on plastic films means that displays can 
be shaped, curved and flexible.  

OLED screens currently start life as a 
thin, liquid polyimide layer on a glass 
substrate. The polyimide hardens and 
forms the base film. Silicone layers 
are then applied for the transistors, 
onto which the actual OLEDs are then 
applied as screen pixels. To keep costs 

down, the silicone is applied in an 
amorphous layer and melted using a 
UV laser. During solidification the silicon 
crystallises, which increases its con-
ductivity and allows the transistors to 
switch faster, creating smoother images. 

Solid-state lasers for annealing 
Excimer lasers have for some time been 
widely used for ultraviolet (UV) annealing 
of display screens. However, excimer 
laser gas resonators are prone to mal-
functions and production engineers can 
spend hours every day maintaining and 
re-calibrating these lasers. For a long 
time there was no alternative, but now 
there is: reliable, high-power, solid-state 
lasers. These lasers provide enough 
energy for this processing technique, 
even after the frequency tripling required 
to reach the UV spectrum. 

Clean solution for metal templates 
Templates are usually made via a chem-
ical etching process, but this has the 
drawback of creating holes with uneven 
edges, since the chemical’s concentra-
tion changes as material is etched away. 
In contrast, ultra-short pulse lasers offer 
a far more precise and absolutely repro-
ducible solution. 

Not only is this pioneering method can 
be used to drill vertical, sharp edges 
in the metal template; it is also faster 
and cleaner than chemical etching. The 
extremely short pulses that are used 
drill up to 200,000 holes a second, and 
there’s liquid chemical to deal with.  

The future is bright
Smart products could not exist without 
lasers and lasers are driving their pro-
duction forward. It’s just not possible to 
make tomorrow’s world using yester-
day’s tools.  

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

Laser applications in smart products

Sapphire camera cover with stepped edge. 
Illustration: Trumpf/Anton Mergl

Lasers cut flexible film circuits into the right 
shape. Picosecond pulses drill holes that 
interconnect the conductive pathways of the 
superimposed layers.  
llustration: Trumpf/Anton Mergl
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Concept Laser cusing with multilasers

Concept Laser introduced the redesign 
of the M2 cusing with multilaser option 
at the end of 2014. With a new look 
and fully integrated structure, the M2 is 
equipped with a new filter design and 
increased surface area. The M2 cusing 
Multilaser, which makes use of Concept 
Laser’s improved segmented exposure 
strategy for laser melting of metals, 
is available with 2 x 200 W lasers, or 
alternatively with 2 x 400 W lasers. The 
dual-laser configuration increases the 
machine’s throughput by up to 1.8 times 
over that of its single-laser counterpart. 

Contact: Tim Millard 
E: t.millard@estechnology.co.uk 
W: www.estechnology.co.uk

Cutting millimetre glass 100 x faster 
Ultra-short pulse lasers are used to 
separate transparent materials in the 
electronics industry. And with the newly 
developed TOP Cleave optics, those 
materials can now be cut at a speed of 
1 m/s. Using this option, the new, high-
performance TruMicro 5080 ultra-short 
pulse laser can even cut glass up to 
1 mm thick. 

The use of a solid-state laser to machine 
glass is not an obvious concept as 
the material is transparent in the near 
infrared spectrum. However, this isn’t 
the case for ultra-short pulsed lasers in 
the picosecond or femtosecond range. 
The extremely high peak intensity of the 
pulses drives the absorption mechanism, 
making it possible to use laser beams to 
process synthetic sapphire and glass.

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

Cleaving glass with material modification

New entry level laser cutting system

LVD Company nv has expanded its fibre 
laser product line with the Lynx FL, a 
cost efficient fibre laser cutting system. 
Powered by an IPG 2 kW fibre laser 
source, Lynx provides accurate thin 
sheet processing of sheet metal materi-
als such as mild steel, stainless steel 
and aluminium with the added versatil-
ity to efficiently process metals such 
as copper and brass. Increased beam 
absorption of the 1μm wavelength laser 
beam by the material provides process-
ing speeds up to three times faster than 
CO2 laser sources in thin sheet metal. 
The new Precitec “Light-Cutter” cutting 
head guarantees high cutting speed with 
excellent cutting quality. 

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

Composite laser cutting system

The Hyperion MG4CF from TEC 
Systems is a flatbed laser cutting 
machine designed for the high speed 
profiling of composite materials. It is 
suitable for laser cutting of carbon fibre 
reinforced plastics, polyether ether 
ketone (PEEK) and other materials. An 
ultra narrow cut width makes it ideal for 
high speed cutting of stainless steel, 
mild steel, brass, copper, aluminium and 
other non-ferrous metals. The cell has a 
compact footprint in comparison to the 
working area of the table. 

Contact: Tony Jones 
E: tjones@t-e-c-systems.com 
W: www.t-e-c-systems.com

Prima Power's new fibre laser system 

Prima Power has launched its new 
LASERDYNE 430 Versa 3D fibre 
laser system with third generation 
BeamDirector®. Versa is designed 
for the laser processing needs of tool 
rooms, model shops and manufactur-
ing R&D centres. This system provides 
the optimum balance of cost, flexibility, 
and precision for laser cutting, welding, 
drilling, texturing, and marking of a wide 
range of materials. 

Contact: Mark Barry 
E: mark.barry@primapower.com 
W: www.primapower.com

Trumpf five-axis laser ordered

Midlands-based Birmingham Prototypes 
Ltd (BPL) has ordered a Trumpf TruLaser 
Cell 7040, a five-axis machine that is the 
first of its type in this market to feature 
Trumpf’s fibre-guided TruDisk laser tech-
nology. It will be used by the company 
for trimming complex fabricated items, 
such as are found in the aviation and 
automotive industry. BPL has always 
offered five-axis laser trimming of fabri-
cated components. However, with vari-
ous issues in maintaining quality whilst 
outsourcing work, they have now invest-
ed in their own machine.

Contact: Gerry Jones 
E: g.jones@uk.trumpf.com 
W: www.trumpf.com
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The manufacturing of advanced chip 
packages, embedded connectors and 
interposers relies on high precision 
structuring of thin substrates beyond 
the limitations of conventional photoli-
thography. Excimer laser ablation as a 
dry single-step process eliminates the 
need for conventional wet chemistry-
based photolithography and applies to 
most types of substrate material used in 
microelectronics.

Through Glass Via Drilling
The figure opposite shows a micro-
scope image of high pitch, high density 
through holes in an alkali-free glass 
wafer of 30 μm thickness. The holes 
were drilled with an excimer laser oper-
ating at a wavelength of 193 nm. 

The microvia diameter at the entrance 
side of each through hole is 5 μm and 
a dense via pitch of 20 μm has been 
chosen in this drilling example. Mask 
projection drilling in glass substrates is 
typically achieved at a fluence of some 
5 J cm2 providing the best via hole 
quality and a number of 200 to 300 
pulses is sufficient for ultrathin glass 
substrates. The through via holes so 
produced are always very symmetric 
despite their small diameter and pitch 
and regularly exhibit excellent pattern 
reproducibility. Such through glass vias 
are required for enabling the use of glass 
interposers. 

Interposer manufacture
Interposers made of glass (rather than 
silicon) offer the best value proposition 
in terms of cost, flexibility, mechanical 
rigidity and surface flatness for high den-
sity electrical interconnects in 2.5D chip 
packaging.

As glass is optically transparent and 
the glass variety available for interposer 
substrates is broad, through via preci-
sion drilling at short UV wavelength 
yields superior hole quality. For inter-
poser through-via patterns with small-
est pitch size and smallest diameter, 
large-footprint parallel processing with 
the excimer laser at a UV wavelength of 
193 nm is the method of choice.

With glass interposer substrate thick-
ness heading toward a few tens of 
microns, high precision 193 nm excimer 
lasers will continue gaining ground in 
drilling the interconnecting through hole 
vias, further advancing design rules in 
chip packaging.

As for fabricating high density vias in 

serial laser drilling, holes have to be 
drilled consecutively. The drilling time 
to achieve the required number through 
vias is determined by the pulse energy 
and laser pulse frequency. Accordingly, 
in serial drilling the number of vias per 
second is constant and virtually unaf-
fected by via size and via density (pitch). 
However, the time can be dramatically 
reduced by drilling in parallel, as can be 
realised by large-field mask projection 
imaging using an excimer laser. As the 
number of vias per area increases with 
the square of the pitch, the number of 
through vias which fit into the field of 
view increases likewise i.e. for excimer 
laser use the parallel drilling rate grows 
with the square of the pitch size.

Multilayer Printed Circuit Boards
High-precision structuring of organic 
thin films for producing redistribution 
layers, or vertically contacting lay-
ers made up of thin isolating build-up 
films located between copper layers, 
is essential to every type of advanced 
package.

Specifically, excimer laser mask imag-
ing in conjunction with a step and scan 
process delivers unmatched placement 
accuracy of essential structures such as 
trenches and micron-size vias connect-
ing contact pads. The pulse-to-pulse 
stability of the latest generation 308 
nm excimer lasers provides excellent 
depth control when opening an embed-
ded metal contact pad. The high pulse 
energy and high power of the excimer 
laser supports high processing rates. 
For example, at 1 Joule pulse energy 
a polyimide substrate can be excimer 
laser structured with a per-shot field 
size of up to 5 mm x 5 mm. 

Sidewall angles of vias are controllable 
by adjusting the applied laser energy 
density and pulse number. Throughput 
scaling is achieved via stabilised out-
put power levels extending up to 600 
Watts. Excimer laser microvia drilling 
(>2 μm) extends the organics via drill-
ing roadmap beyond the limitations of 
mechanical drilling (>100 μm diameter) 
and CO2-laser drilling (>70 μm diameter) 
using infrared wavelengths.

Excimer lasers at a wavelength of 
308 nm provide high energy densities 
and large processing field sizes at the 
same time and are well suited for high-
quality blind via drilling in polymers.  
Modern build-up insulation films fur-
ther increase the packaging density of 
microelectronic components. While the 
drilling depth is a linear function of the 
applied pulse count, underlying metal 
layers act as a natural etch barrier for 
the short excimer laser wavelength.

When it comes to mass producing small 
high density vias, excimer laser mask 
projection provides superior drilling 
speed.

The actual market trend to both smaller 
via and pitch dimensions, will accelerate 
the adoption of excimer lasers in high 
density via drilling and redistribution 
layer structuring.

Ralph Delmdahl

The author is with Coherent Laser 
Systems GmbH & Co. KG, Hans-
Böckler-Str. 12, 37079 Göttingen, 
Germany

Contact: Dr Ralph Delmdahl 
E: ralph.delmdahl@coherent.com 
W: www.coherent.com

Excimer laser drilled through vias in 30 µm thin glass wafer (top view and side view) are crucial 
structures enabling high performance glass interposers

MATERIALS PROCESSING

Excimer laser structuring drives advanced chip packaging

13 μm

13 μm

5.5 μm
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Croft AM to the rescue
When a leading manufacturer of 
bead mills and laboratory/production 
mixers needed help, Croft Additive 
Manufacturing were ready to take up 
the challenge. An urgent request was 
received for a specialist wedge wire 
product: Eiger Torrance of Warrington, 

Cheshire had a very special design 
brief and were having difficulties locat-
ing someone who could firstly manu-
facture this sophisticated product and 
secondly to get one made within a few 
days. Croft AM made the component-
made in just 2 days from confirmation 
of order. 

There were additional benefits having 
this 3D printed, the part was manu-
factured as single piece construction, 
often boasting more strength and rigid-
ity over traditionally welded together 
assemblies and in many cases has a 
reduction in weight too.

Neil Burns, Director of Croft Filters Ltd 
and Croft Additive Manufacturing com-
mented "It’s great to hear a success 
story of this kind where our services had 
such a valuable impact for our client.”
Contact: Neil Burns 
E: neil@croftam.co.uk 
W: www.croftam.com

CASE STUDIES

Fibre laser cutting will help fight bac-
terial infection
Midlands-based SYSPAL Ltd specialises 
in supplying products and services to 
the medical, pharmaceutical, and food 
industries as well as other sectors where 
hygienic, durable materials are essen-
tial.  A recently installed flat-bed fibre 
laser cutting machine from Bystronic UK 
has broadened the firm’s capabilities to 
process antimicrobial materials such as 
copper alloys, which inactivate MRSA 
and other bacterial infections as well 
as micro-organisms like moulds, fungi, 
algae and even viruses. 

SYSPAL’s managing director Chris 
Truman explained, “We have operated a 
number of CO2 laser profiling machines 

for many years and continue to do so, 
but that type of machine is not able to 
cut copper, as reflections can damage 
the optics and beam delivery system.

“Fibre laser machines, on the other 
hand, are able to cut copper and its 
alloys such as brass up to 8 mm thick, 
which will allow us to produce compo-
nents and assemblies from the latest 
antibacterial materials like KME Plus 
copper sheet."

To achieve long periods of minimally 
manned running and maximise produc-
tion output, the company has opted to 
automate the fibre laser machine with a 
ByTrans 2040 Extended sheet handling 
system. It receives its instructions from 

the program running in the machine 
control, delivering raw material to the 
shuttle table and unloading processed 
sheets.

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

Prima Power punch laser cell delivers 
flexible and automatic manufacture
To enable it to offer high quality alu-
minium and stainless steel fabrica-
tions to its customers at competitive 
cost, Indicators International invested 
in a Prima Power LPe6f servo-electric 
punch/fibre laser combination cell. 

From its factory in Magherafelt, 
Northern Ireland, Indicators International 
produces kits of parts for a major bus 
manufacturer which are shipped around 
the world to the bus company’s assem-
bly facilities. The company uses Prima 
Power NC Express to programme the 
LPe6f and, as bus designs are frequent-
ly bespoke, it imports bills of material 
from the company’s MRP system, and 
DXF files from the customer for com-
ponent geometry. Kits of parts are then 

nested across 
a number of 
sheets of mate-
rial to optimise 
material utilisa-
tion. The pro-
duction queue 
set up by NC 
Express is sent 
to the LPe6f 
control unit, so 
the operator 
can see exactly 
what is being 
made. Where possible, the company is 
moving more towards laser cutting and 
punching in one operation on the LPe6f. 

Contact: Paul Downs 
E: paul.downs@primapower.com 
W: www.primapower.com

A typical exterior bus panel

Additively manufactured wedge wire product

BLM tube laser investment delivers 
fundamental gains for Sidhil
Halifax-based Sidhil provide health-
care solutions focused on the 
changing requirements of the acute, 
nursing home, GP and community 
environments.The growth in the com-
munity market in particular has seen 
increased demand on its manufactur-
ing operations.

With the arrival of a second BLM 
machine, the Tube Laser LT722D, Sidhil 
was able to maximise higher levels of 
automation. This allowed job changeo-
vers to be completed in a matter of a 
few minutes, ideally suiting its manufac-
turing demands. This versatility allowed 
Sidhil to change its shift patterns with 
one man operating both machines, 
which operate 24 hours Monday to 
Friday with weekends available when 
required. 

The developments by BLM on its 
Tube Laser machines have enhanced 
performance considerably with 20 
per cent higher productivity being the 
norm when compared to Sidhil’s origi-
nal machine. This performance gain 
was quickly realised once the second 
machine was installed.

Contact: Paul Lake 
E: paul@blmgroup.uk.com 
W: www.blmgroup.com

One operator runs both BLM machines at Sidhil

A processed sheet temporarily stored 
beneath the two racks of the ByTrans.
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The names of fallen aircrew

During WW2 Lincolnshire was the 
epicentre of Bomber Command. 
Micrometric, based in Lincoln, are proud 
to provide precision laser cutting for the 
Spire Memorial which will be sited on 
Canwick Hill on the outskirts of Lincoln 
to commemorate the 25,611 men from 
the local airfields who flew and died. 

Their names are being written on 120 
plates 4 mm thick that will surround the 
Spire Memorial, due to be erected at the 
end of September. In total over 250,000 
letters will be cut out by laser. Each plate 
takes around 6 hours of laser cutting 
time on the machines at Micrometric.  

Contact: Neil Main 
E: neilmain@micrometric.co.uk 
W: www.micrometric.co.uk

Major investment by Laser Process
Laser Process Ltd, the Cannock 
based laser cutting subcontractor, has 
announced major investment plans. 

The company 
has placed 
an order for 
a new fibre 
laser cutting 
system valued 
at almost £800,000. The machine will 
be the twelfth such Trumpf laser cut-
ting machine since the first purchase 21 
years ago. 

Also recently Laser Process has intro-
duced new SigmaNest/MRP software 
across the business which will, ultimate-
ly, improve production and provide ben-
efits for their customers. The software, 
will control all aspects of the business 
from estimating through to invoicing.

MD Dave Lindsey says " we haven't 
been able to maintain the levels of 
investment that we had before the crash 
in 2008 but we are hopefully back on 
track and are looking forward to a period 
of sustained growth."

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

JOB SHOP CORNER

EOS make AM cranial implant
A patient in Argentina required a par-
ticularly large cranial implant after 
stroke-related surgery, placing stringent 
requirements on the manufacture of the 
prosthetic. Naturally it needed to fit pre-
cisely, but in this case it also had to be 
permeable to allow brain fluid to pass 
through. Minimal heat conduction to the 
cerebral tissue was important, espe-
cially in a sunny climate. Additionally, 
biocompatibility was needed to allow 
the bone to grow into the edges of the 
implant.

A titanium alloy lattice structure secured 
by screws directly into the skull was 
deemed to be ideal. It was additively 
manufactured layer by layer from metal 
powder in a machine produced by 
German firm, EOS, whose UK subsidi-
ary is on the Warwick Technology Park. 

The 1.5-hour surgical procedure was 
carried out successfully in May last year 
(2014). The patient left hospital after two 
days and the wound healed within three 
weeks. Since that time there have been 
no complications and the patient has 
been able to lead a normal life.

Several stringent mechanical require-
ments had to be met to ensure a 
successful result and technological 
advances in additive manufacturing 
allowed them to be achieved. The pores 
in the implant are approximately 1 mm 
across, while the links are about 0.2 mm 
thick, resulting in 95 per cent porosity. 
To achieve such a fine mesh in a rigid 
structure to tight dimensional and pro-
file tolerances would be impracticable 
using conventional, subtractive produc-
tion techniques.

Time was of the essence in producing 
the implant. The process was started 
by Novax DMA in Buenos Aires, which 
specialises in developing and supply-
ing medical implants for traumatology, 
orthopaedics and craniofacial surgery. 
For the 3D design of the implant, soft-
ware was employed from UK company, 
Within, which allowed the basic form 
and porous structure to be defined 
quickly. 

As soon as the CAD work was com-
pleted, Alphaform AG, near Munich, 
manufactured the implant in a matter 
of hours in an EOSINT M 280 metal 
additive manufacturing machine from 
EOS. The implant was in the operating 
theatre less than three weeks later, with 
transportation consuming one-third of 
that time.

Christoph Erhardt, Director of Additive 
Manufacturing at Alphaform, comment-
ed, “We are particularly proud of this 
implant, not only because of the precise 
realisation of the form, but also because 
we were able to optimise the porous 
structure and the difficult process of 
cleaning the small interior spaces.

“We developed a multi-step process 
of abrasive and mechanical cleaning, 
rinsing and ultrasonics to arrive at the 
required level of medical purity, which is 
vital as particles can dislodge with the 
slightest movement, leading to the pos-
sibility of infections or rejection.”

The level of cleanliness was verified 
by extensive tests, including par-
ticle and cytotoxicity testing. Gas-
chromatography analysis was also 
performed. Other tests confirmed that 
the implant fulfilled the necessary 
requirements to stabilise and protect 
the patient's skull.

Daniel Fiz, CEO of Novax DMA, added, 
“We have been supplying medical 
implants since 1995. Additive manufac-
turing represents a new milestone for 
patients. It offers optimal biomedical 
characteristics together with the highest 
levels of compatibility, thereby having a 
lasting effect on improved quality of life. 

“For these reasons, we have applied the 
technology with success to other areas 
of the body. Alphaform has also manu-
factured jaw implants for us, as well 
as a hip joint and a spinal implant. For 
the latter, we are currently considering 
series production using additive manu-
facturing.” 

Christoph Erhardt concluded, "We were 
able to help a person to live a normal 
life, on an ongoing basis, despite their 
having suffered a very serious injury.” 

Contact: Stuart Jackson 
E: stuart.jackson@eos.info 
W: www.eos.info
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I guess that many of 
you are facing the 
same problems again 
this holiday season.

Each year we try 
and put something 
in place to cover the 
period that seems to 
last between four and 
six weeks in all. There always seems 
to be two from the same area of the 
business that want time off together 
causing all sorts of problems in keep-
ing up with production. Then low and 
behold at the end of the year people 
have days left to take before Christmas 
and the same problems arise.

I’ve often thought that the more tradi-
tional method of an annual shut down 
period would overcome this problem 
but then we are a job shop and cus-
tomers need us for fifty two weeks 
in the year. I blame the schools of 
course: there was a time when they 
all had the same holidays but now 
they each seem to choose a different 
end of term. Or maybe it’s the fact 
that employees are travelling further 
to work now a days so the kids are 
placed in different catchment areas.

I’m not the one to talk and definitely 
not a good example to follow. I am 
currently on my holidays; not because 
of the kids or schools and all that but 
because I thought the weather might 
be good for this couple of weeks: but 
the wind is blowing the predicted force 
8 and the rain is lashing down. Maybe 
that’s the answer for everyone. So 
avoid the same holiday dates as me 
and you should at least be in with a 
chance of some decent weather.

Business this year started reasonably 
well and all the signs look good for the 
year. Targets are hard to hit but then 
that’s the idea of a target in the first 
place. We always try and keep up to 
date with business needs and although 
adamant that we should offer just flat 
bed laser cutting at its best, recently 
we have been pestered to offer more 
towards the finished product. Rumours 
abound the job shop community as 
always, but little founded so far. 

Dean Cockayne
dean@midthermlaser.co.uk

JOB SHOP CORNER

Chairman's report

Summer holiday 
dilemma

Jo
b Shop Group

JSG

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

Dean Cockayne

NITTO FIBERGUARD
Nitto Europe has launched a new 
generation of process tapes, the 
Fiberguard series. 

Fiberguard is a surface protection 
tape that protects stainless steel 
surfaces during both CO2 and fi ber 
laser cutting processes. Fiberguard 
combines a white printed PE carrier 
with a release layer and pressure 
sensitive modifi ed rubber-based 
adhesive. It has been especially 
designed to ensure that no pre-
cutting is required, thereby saving 
users vital production time.

The white knight 
is the standard 
in stainless 
steel protection.

users vital production time.

For more information, contact 
our preferred distributor PTL

Staffordshire, United Kingdom
Tel +44-1782-833560
info@protective-tapes.co.uk

Nitto_Fiberguard_ad_A5_english_126,7x189.indd   1 07/07/15   15:47

The annual AILU laser JS business 
meeting will take place on 14 October 
2015 at Yamazaki Mazak in Worcester.

"The event is shaping up very well," said 
job shop Chair Dean Cockayne after 
a recent planning meeting of the job 
shop committee. "It will be the first AILU 
meeting at Mazak's UK headquarters, a 
fabulous venue," said Dean. "I'm greatly 
looking forward not only to the day's 
presentations and to networking but also 
to the factory tour afterwards."

"The theme this year is Second 
Operations, in particular equipment for 
bending, edge and surface finishing. We 
are currently completing the line up the 
speakers to cover this topic and we will, 
I'm sure, have a lively open forum dis-

cussion session of second processes," 
said Dean.

Tony Bransden, now a laser technology 
consultant for Ionbond Germany will be 
speaking about his experiences and les-
sons learned from running a laser heat 
treatment job shop in Germany; and 
John Powell will speculate on the next 
generation of cutting lasers.

Attendees can look forward to a lively 
session on new commercial equipment 
for job shops, possible surprises in this 
year's machine breakdown service sat-
isfaction survey, and experiences shared 
at the open forum discussion after lunch.

Details: back inside page  
E: http://www.ailu.org.uk/laser_technology/
events/2015-10-14/meeting151014.html

The 2015 Job Shop business meeting
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LASERLINE®
Leading in laser gas supply solutions

LASERLINE® offers BOC customers the complete package of 
appropriate gases, customised gas supply solutions and a range 
of value added technical services. 

With supply solutions ranging from on-site nitrogen generators 
to liquid bulk supply, including a range of specialist gas 

equipment, BOC can offer an impartial view of the most 
appropriate supply solution to suit your needs.

To talk to someone about your gas requirements or to request 
your free LASERLINE® guide call BOC on 0800 111 333 or visit  
www.BOConline.co.uk\LASERLINE

Laser welding.LASERLINE®  Technical.
Laser gases and 

gas supply systems.

LASERLINE®  
Technical.

FREE LASERLINE®
Laser cutting and welding guides

506720-MPG Mktg Manufacturing AILU LASERLINE Advert-03.indd   1 20/02/2014   11:19

JOB SHOP CORNER

I guess that it was in view of the 
'Second Operations' theme for this years 
AILU Job Shop business meeting that I 
was asked for my views on this subject. 
What I have addressed in particular are 
the options available on CNC profiling 
centres that can provide genuine added 
value to subcontract laser job shops.

Beginning with cutting options able 
to offer greater processing flexibility; 
subcontract profiling job shops should 
consider technology such as BrightLine 
fiber. This transforms a solid state laser 
into an all-purpose tool capable of 
achieving top quality on a wide range of 
material gauges – solid-state laser cut-
ting technology without BrightLine fiber 
is only suitable for thin sheet.

Another cutting option to consider is 
RotoLas. This allows the processing of 
tubes on a 2D laser cutting machine, 
which can generate additional revenue.

Software options are also popular 
among the subcontract fraternity; typi-

cally to create faster quotes or reduce 
programming time. 

Automation is an increasing accompa-
niment to laser cutters. Here, 24/7 job 
shops can lower their part costs and 
shorten lead-times considerably. In 
addition, automation enables part sort-
ing and batching based on the specific 
demand of clients. 

For subcontractors wishing to add sec-
ondary operations to their laser cutting 
machines, a number of options exist 
including forming/bending, laser mark-
ing, bevelling with portable fabrication 
tools, laser welding ie using the same 
laser source in a LaserNetwork. Some 
of these functions, depending on part 
design, might be best facilitated through 
the acquisition of an additional machine 
technology. As a result, a processing 
flexibility is available offering various 
levels of performance depending on 
the customer’s budget and the quality 
required. For example, if the part neces-
sitates a forming operation, this will 

almost certainly be produced quicker 
and cheaper on a punching or punch 
laser combination machine.

A growing popular option are consulting 
services, whereby customer part designs 
can be optimised for faster, more cost 
effective production, typically by reduc-
ing processing steps.

We see plenty of interest among sub-
contract profiling job shops for options 
which improve factors such as speed, 
cost-per-part and quality. Demand is 
also high for loading, unloading and 
sorting automation, as well as storage 
solutions. Subcontractors are extremely 
interested in expanding their production 
portfolio, rather than  offering a single 
processing step. 

 
Caroline Rapp is marketing manager at 
Trumpf Ltd, Unit A, President Way, Luton LU2 
9NL

E: Caroline.Rapp@uk.trumpf.com

Adding value to subcontract laser shops
Caroline Rapp

Second of a series where a machine supplier is invited to give their views on a topic suggested by job shop members.
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INTERVIEW

What does the acquisition of JK Lasers 
by SPI Lasers mean for the Rugby site?

Steve: The intention has always been to 
keep the Rugby site as a base for both 
manufacturing and R&D of fibre lasers. 
Although some rationalisation of the 
products is inevitable, the two compa-
nies fit together surprisingly well, and the 
fibre laser business is predicted to grow 
significantly. With roughly 100 employ-
ees in Rugby, this takes the total head-
count for SPI Lasers to around 350 and 
over 90% of these are based in the UK.

Mark: We are very positive about the 
acquisition of JK Lasers, and having 
an owner that is committed to long-
term investment in laser technology 
and manufacturing capability is a huge 
benefit. We are adopting some of the 
lean manufacturing techniques used in 
Southampton and we have no intention 
to reduce staff numbers – in fact we are 
recruiting and have open vacancies for 
the Rugby team.

How does it feel to part of the Trumpf 
family?

Steve: I have been part of the Trumpf 
family since 2008 when Trumpf bought 
SPI Lasers. For me it has been very 
welcome to have long term investors 
with a clear strategy in the laser industry 
and Trumpf has been very supportive 
towards us. You might recall that the 
global credit crunch occurred around 
the same time as we were acquired by 
Trumpf, and they managed that environ-
ment very well. It is very good to have 
owners with a willingness to invest and 
follow a long-term strategy.

Mark: For me, I am new to Trumpf since 
the acquisition in April this year, but I like 
the fact that the company is owned and 
run by people with experience, knowl-
edge and interest in laser technology.  

Will the legacy products from Rugby still 
be supported?

Mark: More than 20% of the JK Lasers 
(as was) business comes from spares, 
service and repairs of existing and legacy 

product lines so we have no plans to 
stop supporting them. Ultimately, we see 
fibre lasers replacing pulsed YAG, so the 
number of niches where we can sell the 
lamp pumped technology is reducing. We 
still support the Spectron and JK product 
lines though, in terms of keeping lasers 
running for our customers and hopefully 
converting more of them to new fibre 
laser technology with the efficiency and 
cost advantages it offers.

What potential is there for improved 
competitiveness by combining the tech-
nology of the two companies?

Steve: When the team from SPI Lasers 
first visited JK Lasers site in November 
2014, we expected to see a very similar 
capability to our own. However, we were 
struck by the opportunities for mutual 
benefit. For example SPI Lasers were 
drawing our own fibres but sending them 
out to be assembled into complete fibre 
cables – at JK Lasers they were buying 
in fibres and assembling them. Another 
example was where SPI Lasers were 
buying beam pump combiners to enable 
higher output powers, but JK had this 
technology in house. So we saw that 
straightaway there was an opportunity 
for beneficial vertical integration.

Mark: We also found that although 
JK Lasers was active in some mar-
kets which overlapped, like Additive 
Manufacturing for example, we were 
selling to different markets and custom-
ers very often. JK was focused on the 
higher average power solutions which 
added to the top end of what SPI Lasers 
could produce. Some changes we have 
made already include the adoption of 
several lean manufacturing techniques 
already used in Southampton. They 
are structured well for high volume and 
can turn out a completed laser every 
11 minutes when running at full capac-
ity – which is an impressive result of 
their process optimisation and flow-line 
strategy.

You showed a 4kW laser at Laser World 
of Photonics in Munich this summer; 
do you anticipate increasing the output 
power further?

Mark: We see the technology as very 
scalable and the current platform should 
allow us to reach 6kW using the same 
modules as we have in our 3kW prod-
uct.  This will allow us to address more 
of the market for multi-kW CW lasers for 
cutting and welding, which is an area 
in which we would like to increase our 
market share.

How do you see the market for fibre 
lasers developing for SPI Lasers in the 
future?

Steve: We have consolidated our posi-
tion as the second largest global suppli-
er of fibre lasers for material processing.  
We are already producing over 5,000 
sources per year in Southampton, and 
our capacity is higher than this when 
the demand requires.  By adding higher 
power units from Rugby and combining 
our technology we can grow the revenue 
significantly and be more competitive.  
The integration of the two teams has 
moved very quickly in the first three 
months since the acquisition, we are 
already combining modules from Rugby 
and Southampton in products shipping 
to customers.  Future products will be 
able to maximise the benefits of bench-
marking the best technology from each 
stable to produce a winning result.

JK Lasers joins SPI to enhance Trumpf’s 
business in fibre laser technology
An interview with Steve Norman (Director, SPI 
Lasers) and Mark Greenwood (CTO, SPI Lasers)

Mark Greenwood (left) and Steve Norman at SPI 
Lasers, Rugby
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EDITORIAL

Welcome to the summer edition of The 
Laser User. The sun is shining (mostly) 
and we must make hay as they say. 
Last month there was ample opportu-
nity to do just that at the Laser World 
of Photonics exhibition and conference 
in Munich. I had the pleasure of meet-
ing a number of our members there 
and I hope business was brisk and 
plentiful for those of you who attended. 
According to official statistics the show 
had >30,000 visitors (up by 10% from 
2 years ago) and required an additional 
hall to accommodate all the exhibi-
tors. As you might imagine there was a 
keen focus on additive manufacturing 
and some pretty impressive machines 
were on display. As for AILU activi-
ties, myself, Lin Li and Dave MacLellan 
attended and we had excellent and 
productive meetings with the LIA and 
EPIC, progressing our international 
outreach. I was also able to distribute 
copies of the magazine and Dave had 
a number of meetings with prospective 
new members.

Talking of outreach, the importance of 
getting the Science and Engineering 
message out to the public and in par-
ticular young folk was reinforced to me 
this month. Here at the STFC Harwell 
campus we held an open week which 
culminated in >15,000 visitors com-
ing to see Science and Technology in 
action. The response, enthusiasm and 
sheer joy on the faces of the public 
was really quite humbling and made 
me realise what a privilege it is to work 
in Science and Engineering. The draw 
of the lasers we have here on site was 
enormous and we should not under 
estimate the power of lasers in cap-
turing the imagination of the public. 
I can thoroughly recommend getting 
engaged in some form of outreach 
activity: it is hard work but mightily 
rewarding and you never know; it might 
just spark a real and prolonged inter-
est. The more we highlight the incred-
ible opportunities that the laser brings, 
the better it is for our industry (OK, I 
will get off my soap box now!).

In other news, we 
have a number of 
excellent events 
and workshops  
planned across 
a range of topic 
areas that I 
believe will be of 
interest. Please 
have a look at the 
events calendar 
and make a date 
in your diary to attend.

I hope you enjoy reading this edition 
of The Laser User magazine and if you 
have any comments or recommen-
dations for articles the editorial staff 
would always be pleased to hear them.

Ric Allott
E: ric.allott@stfc.ac.uk

PRESIDENT'S MESSAGE

SHARP 
COMMENT
Training tomorrow's 
engineers

Two weeks ago I had the 
pleasure of participating in the graduation 
ceremony for our School of Engineering. 
As we processed down the aisle of 
Liverpool Cathedral past the proud parents 
and partners of the graduates I was very 
aware of the ceremony's importance. I was 
assigned teaching for the first time three 
years ago so this time I felt proud to see 
the part-timers I had taught stride across 
the stage to shake hands with our Vice 
Chancellor and Chancellor. 

These part-time students who took part 
are already experienced engineers. They 
have undertaken apprenticeships or 
worked through companies and been 
supported by their employers to further 
develop their careers by undertaking a 
degree; and they have had to endure 
working a 40 hour week and then coming 
to LJMU on a Friday afternoon to face six 
hours of lectures and tutorials! We often 
struggled to keep going on to 7pm. 

With degrees they are some of the best 
engineers in industry today, offering real 
work experience and the knowledge 
gained on their degree course. Most will 
stay with the same company; others will 
move onwards and upwards. 

Roll forward a week and I am attend-
ing an “Advanced Manufacturing Cluster 
Breakfast Meeting” held by one of the six 
councils in the Liverpool City Region. The 
main agenda item is support for advanced 
manufacturing in the region. At this meet-
ing I hear a mix of opinions - of our host's 
excellence (the company hosting this 
meeting had sponsored one of their engi-
neers who graduated at the ceremony 
last week) - to real concerns about skills 
shortages and how we can achieve “work 
ready” school leavers and graduates. 

This discussion reminds me of networking 
conversations I have had, including many 
at AILU meetings, where expressions of 
concern were made regarding the readi-
ness of graduates to enter the workplace. 
It is generally recognised that graduates 
have the knowledge but do not possess 
the more practical working experience. 
This concern is most likely to occur in 
companies that lack the resources to pro-
vide graduate training. However, the point 
is that it applies to most leaving education 
to take up their first employment, not just 
those with degrees in engineering. 

And then there are increasing concerns 
about skill gaps. I recently heard a state-
ment that 50% of the world’s “engineers” 
are due to retire in the next ten years. 
This represents the potential loss of a 
high percentage of the knowledge and 
experience in the field. When I visited a 
company last year the general manager 

explained that in their grinding section 
the younger operators and setters could 
“load the programs and press the cycle 
start buttons” but it was the older staff 
that were needed to actually sort out 
process problems. Some companies are 
now retaining staff way beyond retirement 
age to maintain access to such knowl-
edge and experience.  

I have always argued that AILU needs 
to take a greater interest in the train-
ing agenda. It needs to understand the 
training landscape and lobby to ensure 
that laser processing is introduced to 
students from school to degree level. It 
does not have to be in great detail, but 
it should alert people to the potential of 
laser processing and encourage them to 
investigate it as a potential manufacturing 
route. Operator training and process train-
ing for those who are already using lasers 
is also needed. About ten years ago when 
I checked out laser skills training that was 
recognised by national agencies. I found 
only one “module”: it was based on CNC 
milling machine operator training and 
gave little detail about the laser. There 
were no providers listed. 

The relatively new “training courses” link 
on the AILU website is a start, but it is 
sadly under populated and underlines the 
need for AILU to be more proactive. 

Martin Sharp
E: m.sharp@ljmu.ac.uk
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MICRO-PROCESSING

A new way to diagnose and optimise laser-material 
processing operations

Krste Pangovski, Martin Sparkes and Bill O’Neill

The ever expanding variety of 
laser systems available to indus-
trial users and the correspond-

ingly vast array of wavelengths and 
pulse characteristics they provide is 
staggering. However, whilst opening 
up exciting new applications, it makes 
the selection of the optimum laser 
parameters for a material process-
ing application challenging to say the 
least. 

The selection of laser beam parameters 
is often based on a large amount of 
empirical research but the recent growth 
in industrial systems with tunable tem-
poral pulse shape has not only added to 
the already crowded parameter space, 
but has made it quite impractical if not 
impossible for the industrial user to 
make a full experimental optimisation. 

So it is that many laser users are find-
ing the choice of optimum laser beam 
parameters more difficult: this includes 
existing users of industrial lasers who 
perhaps wish to upgrade, as well as 
those wishing to use a laser to replace a 
conventional materials processing tech-
nology. The simple question they need to 
answer is: for a given laser source how 
do I pick the optimum set of parameters 
for my process?

In this article we propose a devia-
tion from the conventional empirical 
techniques, which are typically based 
on post-process sample analysis, to 
a material-centric analysis of the laser 

event using direct process observation. 
What does this mean?

Direct process observation
Consider a simple case of percussion 
drilling using a laser. When a laser pulse 
impacts on virgin material the final out-
come is not instantaneous; rather, the 
material undergoes a period of rapid 
change in response to the incoming 
laser energy which is exhibited through a 
variety of mechanisms. Initially the ener-
gy is absorbed or reflected; this is fol-
lowed by melting, vaporisation, creation 
of a plasma, creation of a shockwave 
and particle ejection. These material 
responses can have profound effects on 
the incoming light, including reflection at 
the shockwave boundary (due to steep 
changes in refractive index) and attenu-
ation (caused by the plasma or vapour, 
as well as through particle blocking) 
as shown in figure 1. So, the key is to 
match the output characteristics of the 
laser with the dynamics of the materials 
response.

At this point, one can immediately ask: 

1. Over what time scale should the 
pulse be generated?

2. When should the second pulse 
be used so as to mitigate for – or 
indeed in some cases reinforce – 
these effects? Should the second 
pulse contain the same energy and 
be delivered in the same temporal 
pulse shape? 

We would claim that as an industry we 
have had, up to now, no actionable data 
(or indeed a way of obtaining the data) 
to accurately and precisely determine 
the answer to the latter question. 

In response, we have developed an 
ultrafast imaging system that will enable 
laser users to directly diagnose and opti-
mise their processes, while helping those 
developing new processes to gain a 
deeper understanding of the fundamen-
tal mechanisms. 

Ultrafast holographic camera
The diagnostic system is an ultrafast 
holographic camera, shown in figure 2. 
The camera is capable of generating 
up to 16 consecutive frames at up to 
1,000,000,000 frames per second. Being 
holographic it gives geometric and tem-
poral characterisation of refractive index 
changes, plume geometries as well as 
melt, vaporisation, plasma, shockwave 
dynamics and particle ejection. The data 
it provides enables optimisation of a 
variety of laser production processes.

Figure 1: Material response mechanisms during laser percussion drilling as a function of laser pulse duration

Figure 2: The TrueGHz camera (MK-II-F4-532 
model)
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Example application 
Percussion drilling
Using the TrueGHz camera system, laser 
users can acquire a number of images 
in sequence (typically from 2 to 16) from 
a single exposure, such as shown in fig-
ure 3, at different times during the laser 
operation. If necessary this process can 
be repeated to generate a full “movie” of 
how the material responds to the laser. 
At this point, the entire interaction can be 
analysed to determine the mechanisms 
and critical timescales at play.

Holographic images can be decom-
posed into the shockwave, plume and 
plasma regions and measurements of 
the three regions taken, as shown in 
figure 4 (a-c). In this case the event is 
the result of a single pulse ablation. A 
strong shock front is clearly visible in 4a) 
with a denser region at the crest of the 
wave compared with the lateral posi-
tions. The plume follows immediately 
behind the shock wave clearly showing 
two regions; one at the centre of the 
event and one at the sample surface. 
Note that the plasma is separated from 
the surface. The field of view in each 

image is 2.1×2.1 mm with each pixel 
representing ≃ 8.2 μm. Each image is 
time stamped and assigned to a single 
frame of the entire event evolution. By 
repeating this process over a number of 
events a full evolutionary picture is con-
structed, as shown in figure 4 (d-f). The 
images represent the in-line evolution of 
the event from 0 to 1000 ns taken using 
60 holograms showing what subsequent 
pulses would have to propagate through 
in order to reach the sample surface. 
Figure 5 shows the particle evolution 
over 10 pulses and the effective pulse 
windows where there are no particles 
present above the machined site. This 
data is then directly useable to deter-

mine when (and indeed where) the sub-
sequent pulses should be deposited.

Summary
Data such as that provided in this arti-
cle can be used to determine optimal 
processing strategies in a variety of 
laser materials processing operations. 
Here we have demonstrated how such 
data could be used in percussion drilling 
operations. However, the applicability of 
this system goes far beyond just percus-
sion drilling and can be extended to the 
design, diagnostics and optimisation of 
a variety of processes including micro-
machining, welding, cutting, drilling, 
pulse shape design and shock peeing, 
and could be extended to more extreme 
laser processes such as laser ignition.

The authors are with the Institute for 
Manufacturing at the University of 
Cambridge,17 Charles Babbage Road 
Cambridge CB3 0FS.

Contact: Krste Pangovski 
E: kp358@cam.ac.uk.

MICRO-PROCESSING

See Observations p 27

Krste Pangovski is a 
Research Associate at the 
University of Cambridge 
working under the supervi-
sion of Bill O’Neill as part 
of the EPSRC Centre for 
Innovative Manufacturing 
in Laser Based Production 
Processes

Figure 3: High-energy laser detonation emerging from 
a 3 mm deep blind hole. Each image is separated by 
100 ns in this case. The field of view in each image is 
2.5 mm x 2.5 mm

Figure 4: Regions of a) the shockwave b) the plume and c) the plasma with associated refractive index distributions. The field of view in 
each image is 2.1 × 2.1 mm with each pixel representing ≃ 8.2 µm. Sub-figures (d-f) represent the in-line refractive index over 1000 ns, as 
seen by photons propagating towards the machined site. 
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Figure 5: Position of the particles above 
the workpiece surface that are in the path 
of the laser beam.
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MICRO-MACHINING

High throughput processing with femtosecond lasers 

Joerg Schille, Lutz Schneider, Lars Hartwig and Udo Loeschner

Recent progress in developing 
high-average power, high-pulse 
repetition frequency (PRF) 

ultrashort pulse lasers offers the 
potential of high-throughput micro 
fabrication. The main challenge is 
avoiding the adverse effects of heat 
accumulation and fume (particle) 
shielding on the ablation mechanism.

Particle shielding effects occur for PRFs 
in the range of several hundred kilohertz 
and above. In this regime, the particles 
and clusters that are produced during 
ablation by one laser pulse reflect, scat-
ter and/or absorb the following laser 
pulse(s). At PRF's in the megahertz range 
heat accumulation enhances material 
removal but the quality of the processing 
suffers; this is particularly true for poor 
heat-conducting metals such as stain-
less steel, causing enlarged heat affected 
zones and melting. However, we show 
in this paper that these issues can be 
overcome in the processing of techni-
cal grade stainless steel with the aid of 
(ultra)fast scanning. 

Optimisation
A number of studies addressing 
ultrashort pulse laser ablation have con-
firmed that the ablation rate increases 
non-linearly with pulse fluence (J m-2) 
and that, at best, the most efficient mate-
rial removal arises when the laser fluence 
is 7.4 times threshold fluence [1]. This is 
represented in figure 1, which presents a 

theoretical analysis of the 
influence of both laser spot 
diameter and pulse energy 
on ablation rate. The effec-
tive penetration depth 
δeff = 15 nm, focus radius 
w0 = 11 μm  and abla-
tion threshold Hth = 0.1 J/
cm² were used in the cal-
culation, the efficiency of 
material removal (volume 
ablation rate divided by 
the pulse energy) peaking 
at 0.74 J/cm² fluence [2]. 

Using this optimum fluence (achieved 
by controlling pulse energy and/or 
focus spot area) the maximum achiev-
able material removal per laser energy 
expenditure is about 4.1 μm³/ μJ for 
stainless steel, or about 7.32 mm³/ min 
using a 30 W average power laser. 
This maximum removal rate can be 
obtained with different parameter sets 
by balancing the focus diameter and the 
pulse energy to the optimum fluence of 
0.74 J/cm².

Experimental investigation
The output of a femtosecond (350 fs) 
laser supplying a maximum laser power 
of 31.7 W and maximum repetition 
rate of 19.3 MHz was focused using 
a 255 mm f-theta lens in conjunction 
with a high-performance galvanometer 
scanner (intelliSCANde®, Scanlab AG) 
to a focus spot diameter of 22 μm. The 

maximum scan speed 
of the galvanometer 
scanner setup was 
17 m/s. As a result, 
the optimum pulse-
to-pulse spacing of 
about 5 μm was only 
achievable for pulses 
of 3.4 MHz repetition 
rate or lower. 

To estimate the opti-
mum processing 
parameters, cavities 
of a fixed geometry 
were produced by 
raster scanning a 
network of overlap-
ping parallel laser 
processed lines of 

constant hatch distance dH, as shown in 
figure 2. 

The cavity depth increased with increas-
ing number of raster scan passes and 
from measured cavity depths, the vol-
ume ablation rate could be calculated.

Results for stainless steel type 304
Figure 3 is a plot of the material removal 
rate (i.e. the product of volume removal 
per pulse and PRF) versus fluence, 
together with data from our previous 
work at 200 kHz PRF are included in the 
plot. Three different processing regimes 
are indicated in the figure with regard to 
their achievable processing speed and 
quality:

Low-fluence (< 0.4 J/cm²)
High-quality machining but at relatively 
low processing speed. 

Mid-fluence (0.4 ≤ fluence ≤ 1.5 J/cm²) 
Maximum processing throughput and 
good machining qualities. 

High-fluence (> 1.5 J/cm²) 
Highest removal rate per pulse but 
unsatisfactory level of machining quality, 
removal efficiency and throughput.

The removal rate is seen to increase 
with PRF and with fluence, but at the 
expense of the cavity bottom surface 
quality. This is clearly seen in figure 4. 

Figure 5 shows the dependence of 
removal efficiency with fluence and 
repetition rate; the latter calculated by 
dividing the experimentally determined 
material removal rates by average laser 
power. The highest removal efficiency 
occurs in the mid-fluence range and the 
fall of in efficiency at higher laser fluence 
is most likely indicative of increasing 
heat deposition. 

Figure 1: The volume ablation rate and removal efficiency for stainless steel, 
theoretically calculated as a function of fluence. The focus diameter is varied 
in the range of 15 to 50 µm.

Figure 2: Sketch of the raster-scanning method, where dP is lateral 
pulse-to-pulse spacing, dH is hatch distance, and vS is scan speed.
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In figure 5 the lower removal efficiency 
at low fluence is seen to be much lower. 
This could be caused by the limited pen-
etration of the laser pulse energy into the 
bulk material, which in the low-fluence 
regime is mainly driven by optical pen-
etration instead of ballistic electron 
movement. As a result, the laser pulse 
energy will be deposited in a narrow 
sub-surface volume which is consider-
ably smaller than the volume which the-
oretically could otherwise be vaporised 
by considering only the magnitude of the 
impinging laser energy. 

Most-efficient material removal arises in 
the mid-fluence range. The theoretically 
determined removal efficiency of 0.244 
mm³ /W/min is experimentally confirmed 
by pulses applied at the lower PRF of 
200 kHz. Using PRFs of between 508 
kHz and 3.86 MHz the maximum remov-
al efficiency was found to be 0.33 mm³/ 
W/ min, considerably higher than the 
modelled removal efficiency! We attribute 
this to the increased heating at higher 
PRF's, with the efficiency of material 
removal increasing with surface temper-
ature. At a still higher PRF (4.8 MHz) the 
removal efficiency reduces, possibly due 
to particle shielding. These two effects 
must presumably almost balance each 
other at PRFs between 508 kHz and 
4.83 MHz. 

Discussion and conclusion
From the results obtained in this study it 
can be concluded that ultrashort pulse 
laser processing in the mid-fluence 
regime will facilitate the best machin-
ing outcomes with regard to efficiency, 
throughput, and quality. However, 
in high-rate laser processing using 
ultrashort pulse lasers with high average 
output power, (ultra)fast movement of 
the laser beam is essential to achieving 
the required lateral pulse-to-pulse spac-
ing at PRFs of several MHz. In other 
work we have successfully used an in-
house two-axis polygon scanner with 
high PRF ultrashort pulse laser systems.

Such scanners provide scan speeds in 
the range of hundreds to thousands of 
meters per second, which are needed 
for this application. Clearly, the develop-
ment of (ultra)fast laser beam movement 
systems will be a key enabling tech-

nology with the potential to substitute 
standard manufacturing technologies in 
modern micro-fabrication. 
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Figure 3: Experimentally determined material removal rate using the 
femtosecond laser with 22 µm focus diameter and 31.7 W maximum 
average output power, the repetition rate was varied in the range 
between 200 kHz and 4.83 MHz

Figure 4: SEM micrographs showing the bottom 
surface of laser processed cavities using a fs 
laser at a PRF of 3.22 MHz and fluence of:  
a) 0.49 J/cm², b) 1.0 J/cm², c) 3.21 J/cm²
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MARKING

Combined scanning and servo systems

Ronald Rekowski and Clifford Jolliffe

Combined marking and servo 
platforms are becoming 
increasingly common in laser 

micro-machining, engraving and 
marking systems. In principle such 
combined platforms offer a means of 
processing over areas larger than the 
field of view of the scanner. However, 
in addition to the scanner-related 
errors present in static marking appli-
cations that have to be considered 
(caused by such issues as laser and 
scanner mirror alignment, focus-
ing optics distortion, thermal and 
zero offset drift), combined scanners 
introduce additional sources of error: 
errors in the servo stages and those 
introduced where separate controller 
platforms are used for the scanner 
and stages, including stitching errors. 

Figure 1 shows a common configuration 
for a combined scanner and servo sys-
tem. The scanner is mounted vertically 
on the Z axis of the stage to allow for 
focal adjustment while the material to be 
processed is attached to moving hori-
zontally in the X/Y axes. There are other 
possible configurations: If, for example,  
the material is fixed or too large to move 
or its movement is separately control-
led (e.g. on a reel-to-reel system) then 
the scanner can be mounted on an 
overhead gantry. There are two sets of 
X/Y coordinates frames in this system. 
One frame, shown by the red arrows in 
figure 1 is created by the scanner and 
the other, denoted by the blue arrows, 
is the frame created by the servo axes. 

To achieve the best possible marking 
quality these two coordinate frames are 
aligned to be parallel with one another. 

Figure 2 shows a pattern comprising 
many small features spread over an area 
much larger than the field of view of the 
scanner as indicated by the blue outline 
box. The traditional approach to mark-
ing this object would be to expose the 
part of the material under the scanner 
and then move the material to the next 
area and repeat. The problem with this 
approach is that the final marking quality 
is limited by the combined accuracy of 
the scanner and servo stages, result-
ing in discontinuities in lines that cross 
the boundary between two move-and-
expose events. 

An alternative solution could be to use 
a longer focal length optic to create a 
larger working area, but the spot size 
also increases with focal length. Typically 
users start with a desired spot size and 
laser technology, in which case this 
reduced resolution implicit in this alter-
native may not be acceptable. 

Sources of error
Sources of error within the scanner itself 
were alluded to above; here we regard 
the scanner as a black box and concen-
trate on errors arising from the combina-
tion of scanner and servo platform. 

Lens calibration
The orthogonal configuration of the 
galvanometer mirrors in a typical XY 
laser scanner result in 'pin-cushion' and 
'barrel' distortion in the focal plane but 
canner systems employ special optics to 
compensate and flatten the focus plane. 
However, the lenses are not perfect and 
there are other variables such as the dis-
tance between the mirrors in the scanner 
and the alignment of the laser to the mir-
rors that degrade the marking quality. 

Lens manufacturers will supply a theo-
retical 2D calibration file based on the 
configuration of the scanner and their 
optics; however for high accuracy appli-
cations these calibration files need to be 
optimised on the integrated system. This 
typically involves marking a grid pat-
tern and measuring the accuracy of the 
pattern. The 2D calibration file is then 
modified to improve the performance. 
One iteration of this process is seldom 

sufficient. The mark and measure proce-
dure is repeated until the desired results 
are obtained. 

In the end the 2D accuracy of the scan-
ner itself, usually specified in perms of 
rotational displacements of the mirrors, 
will limit the achievable accuracy on the 
part and is a critical limiting factor in the 
final combined scanner and servo sys-
tem accuracy. 

Flatness
Control of the scanner height is critical 
to the scaling (feature) dimensions of a 
laser mark on the surface of a part; so 
too is the spot size and resulting line 
width. In combination systems, when 
stages move the Z height of the material 
can shift. Flatness is a common perform-
ance specification for a linear positioning 
stage and its impact on system accuracy 
can be easily assessed. Angular errors 
such as pitch and roll also contribute to 
these errors. The Z height deviation can 
be calculated based on the stage dis-
placement and the angular error. Pitch 
and roll specifications for a linear servo 
stage are typically given for a fully sup-
ported stage. 

Alignment
The need for accurate alignment between 
the scanner focal plane and XY plane of 
the servo platform scanner has already 
been mentioned. The alignment of the 
bolted X/Y axes of the stages is held to 
a tolerance of typically ~ 5-10 arc-secs 
but modern control systems have rou-
tines that can correct for this error and 
provide effective alignments in the single 
arc second range. Once the angular off-
set between scanner and servo axes is 
known the scanner can be brought into 

Figure 1: Combined servo and scanner system

Figure 2: Field of view areas of scanner
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alignment with the servo stages.

Yaw and straightness
Straightness and to a greater degree 
yaw in the stage performance speci-
fications can impact final part quality. 
Straightness is a fairly easy error con-
cept to understand: as the stage moves 
along its travel, the motion can deviate 
left or right from centre line. At the same 
time the stage may undergo a rota-
tion (around the yaw axis), the impact 
of which depends on how far away the 
beam focus is from the yaw axis and the 
amount or rotation at a given location. 
This is illustrated in figure 3.

Improving performance
The text insert summarises how to esti-
mate the scanning error of a combined 
scanner-servo system. 

To maximise performance, the compo-
nents must be up to the task: higher 
quality scanners and linear stages will 
have smaller error signatures. The user 
should consider performing a 2D cali-
bration of the stages e.g. by attaching 
a plane mirror to the X/Y stages and 
measuring positioning accuracy in two 
directions simultaneously. This tech-
nique also measures orthogonality and 
straightness errors and check that the 
centre of the field of view of the scan-
ner is in the correct location even in 
the presences of yaw motion. It cannot 
however remove the off axis yaw errors 
that occur when the marking takes place 
away from the centre of the field of view. 

Modern scanner technology uses much 
improved encoder and motor technology 
to ensure static and thermal accuracy.  
Over a typical 40x40 mm field of view 
a standard scanner might give 20 or 
even 10 μm of 2D accuracy; moving to a 
higher accuracy device can reduce this 
error by a factor of 5 or 10. 

Continuous marking
The above issues deal specifically with 
physically aligning marks that finish at 
one edge of a field of view and con-
tinue on another, giving an idea of final 

placement accuracy of features over the 
entire working area. It does not however 
address process issues that arise when, 
for a part whose size exceeds the field 
of view of the scanner, features cross 
marking boundaries. If the laser is turned 
off at the edge of the field of view then 
on again after the movement on the 
workpiece/scanner unit places the field of 
view in the next position, the laser spot 
placement and power density could have 

changed. One solution to this, which as 
been adopted by Aerotech, is to keep the 
laser on and instead to move the stages 
and laser beam in a continuous fashion.

In the Aerotech process the motion com-
mands for the part are split between the 
servo and scanner axes such that the 
axes move in a continuous fashion while 
the scanner continues to mark. The 
servo stages keep the material within the 
field of view at all times so the marks are 
continuous, thereby eliminating align-
ment and process issues over the length 
of the laser mark. All motion is controlled 
from a single program written in the part 
coordinate space. This is different from 
what is commonly referred to as 'mark-
ing on the fly' where material is moving 
in one direction and the marking opera-
tion tracking the moving material. The 
motion of the material is also not con-
trolled within the same program or even 
the same control system as the scanner.

Another configuration particularly appro-
priate for marking many small features 
spread over a large area is to keep the 
material stationary and the scanner mov-
ing. This approach is preferable when 
the part can’t be moved due to size, 
stiffness or mass issues or where the 
material is part of a reel-to-reel process. 

Conclusion
The final marking quality is no better 
than the weakest link in the system. 
For the best possible accuracy the user 
should consider 2D calibration of the 
servo stages.  When accuracy require-
ments demand it, the user should use a 
modern, high accuracy scanner capable 
of attaining single digit 2D accuracies 
and, if possible, mark in a continuous 
fashion to ensure consistent feature 
quality across the entire part.

Roland Rekowski is with Aerotech Inc, 
Pittsburgh, PA, USA.  
Cliff Joliffe is with Aerotech Ltd, Tadley, UK

Contact: Cliff Jolliffe 
E: cjolliffe@aerotech.co.uk
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Figure 3: Potential 
X and Y error 
components (ex 
and ey) due to yaw 
and straightness at 
a marking position 
away from the yaw 
axis.

For a first order approximation of errors we 
can calculate the 2D error contribution of 
the X/Y axes and the yaw and add these up 
in a Root-sum-squares estimation. To this 
we can add the 2D error of the scanner as 
determined from our grid measurement test. 

For example assume a 300x300 mm travel 
stage with the “catalogue” performance 
specifications listed in table 1.  

Table 1: Catalogue Stage Specification for a 
300 by 300 mm travel linear stage

We will ignore roll, pitch and flatness errors 
in this example; typically their contribution 
is small compared to the other values we 
will take into consideration.  

In this approximation we assume the same 
performance specifications for the X and Y 
axis and combine these errors as vectors. 
The bottom axis vector calculation is based 
on the sum of squares of the single axis 
accuracy, straightness, and yaw over the 
travel expressed in microns.

(202+102+(300,000 x sin(10/3600))2)0.5

= 26.6 μm

The top axis has the same terms but an 
additional contribution from orthogonality 
errors. 

(202+102+2(300,000 x sin(10/3600))2)0.5

= 30.3 μm

Table 2: Stage error calculations

From table 2, we calculate an X axis error of 
around 26 μm and a Y axis error of 30 μm.  
Combining these two errors into a final 
2D vector error we end up with around 40 
microns of 2D error over the 300x300 travel.  

An achievable 2D accuracy for a standard 
scanner is on the order of 20-30 μm over a 
field of view roughly 50x50 mm.  If we com-
bine this error with the previous calculation 
we end up with 60 μm of error. If the process 
has low tolerances and a spot size much 
larger than 60 μm then this may not be an 
issue. But for high precision micro-machining 
applications and have spot sizes smaller 
than 60 μm or need to hold uniform spacing 
of order 10’s of microns this error would have 
significant impact on system performance. 

First order error estimation

Single axis accuracy per stage 20μm
Yaw 10 arc sec
Straightness 10 arc sec
Orthogonality between stages 10 arc sec

Total bottom axis 26.6μm
Total top axis 30.3μm
2D error (Vector combination of X 
and Y axes)

40.3μm
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Full traceability of products and 
components is essential in 
medical and aerospace sec-

tors.  Common approaches include 
etching of serial numbers and bar 
codes or the use of a polymer holo-
graphic sticker, although the latter is 
inappropriate for many traceability 
marking applications in these sectors. 
Nevertheless, because the informa-
tion carried by a hologram is distrib-
uted over its whole area it is much 
more robust to local damage and our 
objective has been to develop a laser-
based process for direct embossing 
of reflective phase holograms on the 
surface of metals (e.g. 304-grade 
stainless steel) to help the identifica-
tion and traceability of high value 
products and components. 

We used a pulsed frequency-tripled 
(JDSU Q-series) laser. It provides 35 ns 
pulses at 10 kHz pulse repetition rate. 
The short pulse UV (355 nm) output was 
chosen to achieve an optically smooth 
structure through the generation of the 
laser-induced surface deformations 
(LISDs). 

Production of LISDs
Set-up
The laser beam was delivered to the 
workpiece via a half-wave (λ/2) plate 
(for rough adjustment of laser power), 
polarising beam splitter cube, a ×3 beam 
expander, an HR-coated mirror and a 
50 mm focal length spherical lens.  The 
beam diameter on the workpiece was 
approximately 9 μm (1/e2) and laser 
processing was performed by moving 
the sample using two motorised linear 
stages.

Observations of LISDs
Laser Induced Surface Deformations 
(LISDs) were observed on 304-grade 
stainless steel at pulse energies of 
≥1.5 μJ. Smooth 'Gaussian-like' cra-
ters with an elevated rim, similar to that 
shown in figure 1, were produced using 
EP = 1.5 - 4.5μJ.

Atomic force microscopy (AFM) analysis 
revealed that the depth of the LISDs 
(craters) increases almost linearly with 
increasing laser power when single laser 
pulses are used. When the metal sur-

face is treated by multiple laser pulses 
between 1.5 to 3.0 μJ, the depth of the 
craters only slightly changes (by less 
than 20%) because no vaporisation 
occurs in this regime, only melting.

Results for other metals
This study of LISDs over a range of laser 
parameters in 304-grade stainless steel 
has been extended to 99% pure nickel, 
Inconel®625 and Inconel®718 alloy; all 
common substrate materials used in the 
manufacture of medical instruments, 
implants and high value components for 
aircraft engines. 

In the range of pulse energies at which 
only melting effects were obtained, the 
shape of the LISD was not always obvi-
ous and easy to explain. It is known to 
depend on temperature and temperature 
gradients generated by the laser beam, 
as well as on the physical/chemical 
properties of the workpiece material. 
Because the laser beam can heat up a 
material rapidly to temperatures above 
the melting point and the material then 
rapidly cools down to room temperature, 
the rapid solidification often leads to the 
changes in the surfactant content. This 
may explain the formation of complex 
shapes of LISDs, such as ‘sombrero-
shaped’ bumps and craters with a 
‘W-shaped’ bottom, which we observed 
in the nickel and Inconel® alloy samples. 

Fabrication of a CGH
Phase Computer Generated Holograms 
(CGHs) are an excellent choice for use 

as identification markings because they 
can carry information in the form of 
images, letters or both. The fabrication 
process of the identification markings 
in the form of reflective phase-sensitive 
CGHs was performed using the same 
optical setup as described above. As a 
test substrate we used 304-grade stain-
less steel because of its good response 
to the 35 ns UV laser pulses. Thanks 
to the precise synchronisation between 
the laser pulse firing and the move-
ment of the workpiece, it was possible 
to perform mapping of the CGH pixels 
on the metal surface according to the 
CGH design. Note that a galvo-scanner 
equipped with a short focal length flat-
field (F-theta) lens can potentially be 
used for the generation of CGHs, sig-
nificantly improving the laser processing 
speed.

Figure 2a shows a mechanically pre-pol-
ished 304-grade stainless steel sample 
with a 2-level CGH structure which was 
written by using 35 ns UV laser pulses. 
The hologram contains 9 identical pat-
terns, like those shown in figure 2b, 
which were tiled in a 3 × 3 arrangement. 
The overall dimension of the hologram 
is 1.6 × 1.6 mm. The hologram pixels 
contain optically smooth craters with an 
average depth of 250 nm and a diam-
eter of 7 μm (figure 2c). Each crater was 
produced by a single laser pulse at the 
energy of 2.5 μJ. In figure 2b, the phase 
CGH diffraction pattern was designed 
using an Iterative Fourier Transform 

Figure 1: Example of LISDs observed in a 304-grade stainless steel.  The deformation was generated by 
single laser pulse at Ep = 2.75µJ

Micro-structures for traceability marking of metal components

Krystian Wlodarczyk, Marcus Ardron, Matthew Kidd, Nicholas Weston and Duncan Hand

MICRO-MACHINING
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Algorithm (IFTA). This algorithm enables 
the design of both two-level and multi-
level phase CGHs for the generation of 
diffraction images in the far field. 

Figure 3 shows a 4-level laser-generated 
holographic structure that was generat-
ed on the surface of a 304-grade stain-
less steel. The 4 levels were achieved 
using three different pulse energies: 
1.8 μJ, 2.1 μJ and 2.5 μJ; this enabled 
the generation of optically smooth 
’Gaussian-like’ craters with an average 
depth of either 175 nm, 245 nm and 
290 nm, respectively (see figure 3b). 

Figure 4 compares the diffraction images 
generated by the 2-level and 4-level 
CGHs. It demonstrates that the optical 
performance of these tiny laser-generat-
ed holograms is suitable for applications 
such as identification marking. 

The images in figure 4 were generated 
using a He-Ne laser beam (λ = 632.8 
nm), the diffraction image being pro-
jected onto a screen approximately 1 
meter away from the CGH. Both holo-
grams generate a diffraction image con-
taining the inscription 'YAGboss' and a 
checker-board. The image also contains 
a bright undiffracted (0th order) beam 
and a 'twin' image which is rotated by 
180 degrees with regards to the target 
image design.  As can be seen in figure 
4b, the ‘twin’ image is less pronounced 
in the diffraction image produced by the 
4-level hologram, as would be expected.

Conclusion
This paper described a 
novel laser-based approach 
for the generation of unique 
identification markings 
directly on metals. It was 
shown that UV nanosecond 
laser pulses can locally 
melt the metal surface and 
generate optically smooth 
surface features. The shape 
and dimension of these 
laser-induced surface defor-
mations depend on the 
chemical composition of the 

metal as well as the laser processing 
parameters such as the pulse energy 
and the number of laser pulses. By 
arranging the LISDs in an appropriate 
pattern, it is possible to produce holo-
graphic structures which can act as 
robust identification markings embedded 
to the metal surface. 
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Figure 2: Two-level holographic structure 
produced on the surface of 304-grade stainless 
steel: (a) photograph, (b) single period and (c) 
close-up of the CGH (expanded yellow box in (b))

Figure 3:  Four-level holographic structure produced on the surface 
of 304-grade stainless steel: (a) optical microscope image and  
(b) surface profile of the hologram pixels.

Figure 4:  Diffraction images generated by: 
(a) 2-level and (b) 4-level laser-generated 
holographic structure.
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MICRO-PROCESSING

Paper-based microfluidics is a 
rapidly progressing inter-dis-
ciplinary technology driven by 

the need for low-cost alternatives to 
conventional point-of-care diagnos-
tic tools. For transport of reagents/
analytes, such devices often consist 
of interconnected fluid-flow channels 
that are demarcated by solid walls 
that extend through the thickness of 
the paper.  

The driving force behind this rapid 
progress is Point-Of-Care (POC) testing, 
which plays a vital role for early stage 
non-invasive clinical detection and diag-
nosis. There is a need for POC testing to 
be facilitated through the use of uncom-
plicated, user-friendly and portable test-
ing devices and much effort has been 
directed towards producing diagnostic 
test-kits that are not only smaller, faster 
and smarter, but are also cost-effective. 
Microfluidic-based Lab-On-Chip (LOC) 
technology has considerable potential, 
and sustained efforts have been directed 
towards developing LOC-type fluidic 
systems for medical diagnostic devices.  

Substrates such as silicon and glass 
are most often used for developing 
LOC devices using fabrication proc-
esses adapted from the semiconduc-
tor processing industry. In an attempt 
to further reduce the manufacturing 
costs alternatives are being considered, 
including paper. Indeed paper, with its 
varied characteristics, is now considered 
as a highly suitable alternative for fabri-
cation of LOC-type devices, and many 
labs have focused their attention in this 
direction. Of particular importance is the 
relatively low-tech nature of paper, which 
has almost all of the attributes that 
would help realise low-cost POC diag-
nostic tests, particularly in the context 
of environments that exist today within 
developing countries.

Paper for POC diagnostics
As their name suggests, paper-based 
microfluidic devices have either a sin-
gle or multiple flow channels that are 
designed to guide and transport an 
analyte fluid, from a point of entry on the 
device to a reaction zone that has been 
pre-treated with specific reagents. Unlike 

glass, silicon or polymer substrates, 
where the fluidic channels are surface-
relief structures that have been inscribed 
in these substrates, for paper-based 
devices the fluidic channels are formed 
inside and extend throughout the full 
thickness of the paper. The walls that are 
required to delineate, contain and guide 
the flow of liquids have been success-
fully demonstrated using materials such 
as SU8, PDMS, poly-styrene (PS), alkyl 
ketene dimer (AKD) and wax.

Many procedures have been used for 
laying down walls, including lithographic 
technique that involved exposure of a 
UV-sensitive polymer (SU8) impregnated 
in a paper, the use of a modified desk-top 
plotter to dispense the low-cost elasto-
meric polymer PDMS, plasma treatment, 
printing of wax, inkjet-printing, flexo-
graphic printing, wax-screen printing and 
laser-ablative treatment of a paper with a 
hydrophobic coating. Each of these has 
advantages and drawbacks. For exam-
ple, techniques such as UV-lithography 
and plasma-treatment require the use of 
expensive and fixed-pattern masks as 
well as dedicated equipment and control-
led conditions in labs.

In this work a laser-based procedure is 
used to create the fluidic patterns in a 
paper substrate that has been previously 
impregnated with a hydrophobic mate-
rial. This laser-based direct-write (LDW) 
approach is non-contact in nature. It 
is also a maskless, non-lithographic 
procedure, and hence is ideally suited 
for use in the preliminary trial fabrica-
tion stage as well as final device and 
mass- production stages. As with any 
laser-based procedure, the technique 
also offers the possibility to control the 
patterning process through choice of the 
laser parameters such as wavelength, 
pulse duration and repetition rate. More 
importantly, if desired, it is routinely pos-
sible to reduce the dimensions of the 
patterned features down to a value of 
≤50 μm. Finally, the LDW process can 
be scaled up for mass-production. After 
initial set-up costs required for the laser 
and other equipment required for pattern 
definition, production costs for individual 
tests would be acceptably low.

Experiments and results
Before the LDW patterning step the paper 
is soaked in the light-sensitive polymer 
diluted in a solvent and left to dry. The UV 
laser beam was focused by either using 
a 36 or 25 mm focal length cylindrical 
lens, and the patterned paper, mounted 
on a xyz translation stage was held either 
at focus or 10 cm away from focus (pro-
ducing a laser spot of dimensions ~0.3 x 
1 mm for the latter condition). 

With reference to figure 1, laser illumina-
tion induces polymerisation only within 
the exposed regions. The final step 
involved washing away the un-polymer-
ised material, leaving a paper substrate 
with user-defined regions that have been 
selectively polymerised. Table 1 lists the 
lasers used for the trials described here. 

Among other things the choice of laser 
dictates the optical penetration depth in 
the paper, writing speeds for the barriers 
and finally the width of both the barriers 

Figure 1: Step-wise schematic of the processing 
steps for creating fluidic channels: laser 
scanning of parallel lines along the paper 
substrate creates photo-polymerisation- induced 
hydrophobic barrier walls that define a fluidic 
channel

Table 1: Trial lasers

A laser application for paper-based fluidic devices

Collin Sones, Ioannis Katis, Peijun He, Ben Mills, Medya Namiq, Peter Shardlow, Morten Ibsen 
and Rob Eason

Type Wavelength) Output

BM 
Industries

266 nm 10 ns, 2 mJ, 
20 Hz

Omicron 375 nm 70 mW CW

Cobalt 405 nm 110 mW CW
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and the fluidic channels, due to scatter-
ing of the incident laser light within the 
paper matrix, which can lead to photo-
polymerisation occurring beyond the 
width of the focused laser spot. 

266 nm pulsed laser
Figure 2 shows three sets of parallel lines 
inscribed using the 266 nm pulsed laser 
source, with an incident average laser 
power of 7 mW. The photopolymer used 
for this was DeSolite®. Blue ink was sub-
sequently introduced into the channels, 
to test the ability of the structures to con-
tain and wick liquids along the channel. 
The ink was pipetted from the top side 
in the figure shown until the channel was 
filled or a leak observed.

The polymerisation depths of the bar-
rier walls for channel (c) was only about 
60% of the thickness of the paper, 
whereas for channel (b) this depth was 
about 75% of the paper thickness. For 
channel (a) however, the barrier walls 
extended throughout the full thickness 
of the paper, enabling leak-free transport 
of the ink on introduction at one end of 
the fluidic channel. For speeds slower 
than 0.06 mm s−1 using this pulsed laser, 
ablation along a central section of the 
barrier wall was observed.

These trials produced the narrowest 
barrier widths, of the order 100 μm, that 
was capable of containing and guiding 
the fluid flow. The above demonstration 
clearly shows the ability to build com-
pact fluidic flow-based devices which 
encompass the basic needs for smaller 
volumes of expensive reagents in the 
fabrication of low-cost LOC-type medi-
cal diagnostic devices.

CW lasers at 375 nm and 405 nm
Using the 375 nm CW laser with 
DeSolite®, sets of parallel lines were 
drawn over a range of writing speeds and 
laser powers. The results are summa-
rised in figure 3. For example, at a laser 
power of 1 mW the line-widths is seen to 
increase from a value of ~130 μm at 6.7 
mm s−1 to a value of ~320 μm at 4 mm 

s−1. Similarly,  for a fixed scan speed of 
6.7 mm s−1, the width of the polymerised 
lines increases with increasing incident 
laser powers from a value of ~500 μm 
at 5 mW to ~1200 μm at 50 mW, as 
an increasing fraction of the incident 
Gaussian intensity laser profile rises 
above the polymerisation threshold. 

Similar effects were observed using the 
405 nm CW laser, which had a better 
beam quality that the 375 nm laser and 
thus created narrower lines e.g. for a 
fixed laser power of 10 mW, the widths 
of the polymerised lines increase from 
~220 μm to ~330 μm with decreas-
ing scan speeds, and for a fixed scan 
speed of 6.7 mm s−1, the widths of the 
lines increase from ~80 to ~800 μm with 
increasing laser powers. 

The immediate observation using a CW 
laser source is the considerable increase 
in writing speeds possible compared to 
a pulsed laser source. As an example, 
to polymerise a line of length 2 cm at 
an incident fluence of 9.3 J cm−2, the 
scan speeds for the pulsed laser was 
~0.25 mm s−1, whereas for the CW laser 
the scan speed was ~10 mm s−1.

SubG polymers
The above work was repeated using 
SubG as photopolymer. SubG has an 
extremely low viscosity (12 cP @ 25 °C) 
and soaked into the paper directly with 
the photopolymer solution without the 
need for solvent-based dilution. Figure 4 
shows a series of parallel lines that were 
patterned with the same laser-patterning 
conditions using the two different pho-
topolymers. As can be seen, the lines 
that formed with SubG were narrower, 
and had more sharply-defined edges.

Reducing device dimensions
An important advantage offered by 
LOC-type fluidic devices is their cost-

effectiveness, a consequence of their 
much reduced sizes. So, using the LDW 
procedure described here and the CW 
405 nm laser, we investigated not only 
the minimum barrier wall widths that 
could be created but also the narrowest 
fluidic channels. 

As shown in figure 5a, under the appro-
priate writing conditions (scan speed of 
10 mm s−1, incident power of 10 mW 
and corresponding incident fluence of 
~125 J cm−2), we could polymerise lines 
with widths of ~50 μm. To our knowl-
edge, is the smallest linewidth reported 
to date for barrier-walls in paper-based 
devices. Although such feature dimen-
sions would have been possible through 
lithographic procedures, our LDW 
method presents a far less complicated 
approach for commercial production. 
However, fluidic channels formed with 
such narrow barrier-walls were found to 

be unable to contain and guide 
red ink, and instead a minimum 
line-width of ~120 μm was 
required

For a 120 μm barrier wall width 
we investigated the minimum 
width for a fluidic channel 
capable of reliably guiding flu-
ids. Figure 5b shows two fluidic 
channels, which were fabri-
cated to have identical barrier 
wall widths of ~120 μm, but 
two different channel widths 
of ~250 μm and ~80 μm. The 
inset of Figure 5b shows a 
magnified microscope image 
showing the 80 μm channel. 

We observed that the fluidic 

Figure 2:  Three sets of parallel lines that have 
been polymerised while being translated at three 
different speeds a) 0.06 mm s−1, 
b) 0.07 mm s−1 and c) 0.09 mm s−1.

Figure 3: Graph showing the widths of the laser-patterned lines 
for different incident laser powers using the 375 nm source at 
different scan speeds. 

Figure 4: Sets of parallel lines that were 
polymerised using a 405 nm CW laser with a scan 
speed of 10 mm s-1 and different incident power 
(100 to 1 mW) using two different photopolymers, 
a) DeSolite®, and b) SubG
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channel with a width of ~80 μm was 
able to contain and guide the flow of ink. 
Figure 5c shows such a channel having 
a width of ~80 μm and a barrier width 
of ~120 μm, guiding red ink through it. 
To our knowledge this is the smallest 
dimension for a fluidic channel on cellu-
lose paper, and is better than the dimen-
sions that can be achieved with the wax-
printing procedure that is currently one 
of the most widely used for the creation 
of fluidic patterns in cellulose paper, 
and for which the dimension limitations 
are imposed by the undue spreading 
of wax during the heat-treatment/wax-
penetration step. The smallest dimension 
for fluidic patterns reported recently on 
a fibre-glass substrate through use of a 
simple cutting method is ~137 μm.

Validation:  
Protein and glucose detection
To validate the feasibility of the LDW 
procedure in fluidics-based diagnostic 
device manufacture paper substrates 
were patterned with two different 
designs using the 405 nm laser and 
the photopolymer SubG, at a power 
of 70 mW and a writing speed of 
10 mm s−1.

Grid of square cells
Figure 6a shows the use of the grid-
like fluidic pattern of square wells for 
the detection of Bovine Serum Albumin 
(BSA). Each of the square well grid ele-
ments were impregnated with appropriate 
reagents and allowed to dry. Then solu-
tions in water of a range of concentra-
tions of BSA were introduced into each 
well. The resulting colour change in each 
well showed different concentration-
dependent shades of blue-green colour 
(figure 6a). Using such test patterns 
with nine wells, it should be possible to 
quantify nine unknown samples illus-
trating the utility and simplicity of using 
such low-cost paper-patterns to perform 

multiplexed quantitative 
analysis.

Figure 6b shows a similar 
set of detection shades 
for glucose detection. 

T-junction 
Figure 7 shows the use of 
a fluidic device shaped as 
a T-junction, for the simul-
taneous detection of BSA 
and glucose in the same 
sample solution. The lower 
end of the vertical arm of 
the T served as the sam-
ple inlet point, and the two 
ends of the horizontal arm 
served as the test zones. 
The reagents required for 

the assays were first pipetted at these 
two test zones and were allowed to dry. 
A sample solution containing both BSA 
and glucose (in concentrations of 50 mg 
ml−1 and 1000 μg ml−1 respectively in de-
ionised water), when pipetted at the inlet 
of the device, flowed towards the test 
zones, and produced a colour change 
(blue-green) for BSA and (pink-brown) for 
glucose with the level of colour change 
depending on the concentrations of the 
biomolecules.

Figure 7b is an image of the T after com-
pletion of the detection assay. For an 
unknown sample, the concentration of 
the BSA and glucose in the sample solu-
tion can be evaluated by capturing a pic-
ture of the T-sensor with a camera, then 
measuring the intensities of the RGB 
colours at the test zones and comparing 
these to a pre-defined calibration curve.

Conclusions and future work
We have demonstrated laser-based pat-
terning of paper for the creation of fluidic 
structures via photo-polymerisation. 
This LDW procedure is non-contact, 
non-lithographic and mask-less and we 
have demonstrated its utility in the fab-
rication of diagnostic tests for protein 
and glucose detection. The width of 
the walls/barriers and the width of the 
channels are at the level of ~100 μm, the 
smallest that have been reported so far, 
which will allow for miniaturisation of the 
diagnostic sensor, and a corresponding 
minimal use of reagents. The process is 
ideal for rapid prototyping at preliminary 
trial- device fabrication stage and also 
for final device optimisation. As future 
work, we plan to implement curved walls 
and chicanes to control flow dynamics 
and to trial the patterning of nitrocel-
lulose. Our final goal is to demonstrate 
fully automated paper-based biosensors 

that do not require any handling from the 
user apart from introducing the sample.
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Figure 5: Investigation of minimum dimensions achievable via LDW.  
a) Parallel lines written in DeSolite®; b) camera image showing two 
narrow fluidic channels; inset shows a magnified image of the channel 
having a width of ~80 µm, c) The ~ 80 µm fluidic channel guiding red ink.

Figure 6: a) Patterned cellulose paper after 
completion of the BSA detection assay showing 
different shades of the blue-green colour, 
corresponding to the different concentrations 
of BSA pipetted in each well, b) patterned 
cellulose paper after completion of the glucose 
assay showing different shades of the pink-
brown colour, corresponding to the different 
concentrations of glucose pipetted in each well.

See Observations p 28

Collin Sones is a Senior 
Research Fellow at the 
University of Southampton. 
His current research 
includes novel technologies 
for laser printing of bioma-
terials, and laser-induced 
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a b

Figure 7: Camera images of the patterned device, 
designed for the simultaneous detection of 
glucose and BSA, a) at the time of introduction 
of the sample solution and b) after detection was 
completed and measurements taken

a b
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Short comments on papers in this issue

A new way to diagnose and optimise 
laser-material processing operations
Krste Pangovski et. al. 

As I am one of those engineers currently 
trying to source the optimum ps or fs laser 
for micro-machining purposes: this cam-
era could not have come at a better time. 
We are actively involved in the design and 
testing of the camera together with Krste 
and his team and we eagerly look forward 
to receiving our camera, which has been 
customised to best suit our roller engraving 
application. I am keen that Krste develops a 
user-friendly front end for the system so that 
a simple mechanical engineer can acquire 
and understand useful data. Once we are up 
and running, I will be delighted to demon-
strate our camera to anyone interested.

Ed Birch  Applied Laser Engineering

This article certainly addresses a problem I 
am acutely aware of and having been able 
to benefit from the use of high speed video 
for process optimisation in the past, the 
concept proposed by the authors is a very 
interesting one, employing a new ultrafast 
holographic camera. The article describes 
well the possibilities offered by the use of 
such a device but I was a little confused by 
the results presented (particularly figure 4) 
as there was no indication as to how the 
recorded images have been interpreted. 
How does the reader distinguish between a 
shock front, a plume front or a plasma front, 
from the images provided? I fully realise that 
this is a short, two page article and would 
welcome the opportunity to see a longer 
paper on the use and benefits of this novel 
camera.

Paul Hilton  TWI

High throughput processing with femto-
second lasers
Joerg Schille et. al.

High average power, ultrafast and ultrashort 
pulsed lasers enable of machining various 
materials at very high processing speeds. 
This article discusses important issues 
which occur during ultrafast laser process-
ing. The adverse effects of thermal heat 
accumulation and fume (particle) shielding 
are well presented, demonstrating that high 
throughput precision machining (with high 
rep-rate laser pulses) requires fast move-
ment of the laser beam. I agree with the 
authors that the development of novel high-
speed polygon and galvo-scanning systems 
is essential for use high average power, 
ultrafast and ultrashort pulsed lasers in 
manufacturing and micro-fabrication.

Krystian Wlodarczyk  Heriot-Watt 
University

Combined scanning and servo systems
Ronald Rekowski and Clifford Jolliffe

Fifteen years ago, my first laser job outside 
of University, was with a company in Dublin 
called Xsil, who used lasers to dice silicon 
wafers into individual chips. They did this 

with galvanometers and high accuracy 
Aerotech stages utilising a step and repeat 
processing sequence.  As the present article 
explains the source of possible errors are 
large and each Xsil machine needed to be 
carefully set-up. However once the errors 
were accounted for, it was possible to have 
20um wide lines matching up at sides of 
each galvanometer field of view and con-
tinuing over 300mm – the diameter of the 
largest silicon wafers at that time.

Moving forward fifteen years, the same 
problems exist and as the authors point 
out can be accounted for with good engi-
neering. What is different is the ability to 
combine scanning and stage movement in a 
single ‘part wide’ process using Aerotech’s 
software. This large is probably one of the 
most interesting and under used applica-
tions in the Aertech product range. The 
applications for marking are obvious for 
all to see, although the cost of the servo 
stages, high accuracy laser and removing 
system errors  may exclude a large por-
tion of low cost marking jobs. What is more 
interesting is applying this technology to the 
case were more than one scan of the laser 
is required and moving it into the realms of 
micromachining. This is where value added 
processes can make money and were it 
holds most interest for companies such as 
Blueacre Technology.

David Gillen  Blueacre Technology

I liked this article: it is factual and not over-
reaching. One aspect I’d like expanding is 
the description of using a plane mirror for 
stage calibration, it lacked sufficient detail to 
fully understand the method. The technique 
of continuous marking by synchronising 
both stage and scanner motion control is 
an elegant solution to the problem of small 
scan fields given by 2-axis scan heads. In 
particular this is a good approach for certain 
micro-machining applications. However, 
readers should note that large scan field/
small spot size combinations can also be 
provided by 3 axis scanning heads. These 
may negate the need for a stage system 
entirely. As there are pros and cons to both 
approaches any prospective user should 
discuss their requirements in full with an 
experienced scan system vendor to ensure 
they arrive at the correct technical and cost-
effective solution for their application.

Gary Broadhead  Laser Lines

The article addresses an important issue in 
creating the necessary pre-requisites for the 
simultaneous use of the scan heads and 
mechanical stages. Such a combined use is 
necessary for processing areas bigger than 
the field of view of a given focusing lens 
and it is commonly referred in laser systems 
as capabilities for “infinite field of view” 
processing. This minimises the “stitching” 
errors in processing large fields and makes 
uncertainties associated with marking oper-
ations dependent mostly on the capabilities 

of the used scanning and servo systems and 
also on their proper calibrations. In addition 
to engraving and marking, texturing and 
other surface functionalisation operations 
can benefit from such synchronised use 
of scan heads and stages. However, many 
applications require such capabilities to be 
extended for processing axis symmetric 
and free form surfaces and thus to employ 
simultaneously the latest generation of 3D 
scan heads in combination with linier and 
rotary stages. There is some R&D reported 
but anyway further efforts are required to 
develop all necessary component technolo-
gies to realise such 3D processing of large 
surface areas.

Stefan Dimov University of Birmingham

This article presents an interesting discus-
sion of the accuracy of laser machining/
marking systems that use both stage and 
scanner systems to position the beam 
around a workpiece.  Such systems are 
increasingly popular and offer advantages 
of speed and sample area over a single 
positioning system solution. The article 
largely concentrates on ‘step and repeat’ 
style machining where regions are machined 
using the scanner and then stages step to 
the next region to be machined. In such sys-
tems it is essential for features in one region 
to align with those in the adjoining regions. 
The article introduces the sources of error 
which occur in both scanner and stage 
systems giving typical quantities to each 
error. An interesting section of this article 
is a simple example calculation where the 
different sources of error in each position-
ing system are combined to find the overall 
positioning accuracy of the combined stage 
and scanner system. As users strive to 
push the accuracy of machining and mark-
ing systems, understanding the relationship 
and combined effect of individual compo-
nent accuracy is essential when specifying 
both jobs and tools. While physical factors 
influencing accuracy are discussed there is 
only limited reference to the importance of 
calibration tables for stages and scanners 
as a means of error compensation. It would 
have been an interesting addition to have 
included information about how such tables 
are created, implemented and operate in a 
machining system. The article finishes by 
briefly introducing the seamless combination 
of stage and scanner movement to improve 
accuracy and remove the alignment errors 
that occur in stitching together individually 
machined regions. Unfortunately the arti-
cle does not present many details of such 
systems. While seamless combined stage 
and scanner machining offers advantages 
there are limitations in the type of machining 
it is suited to while hardware components 
can limit the achievable overall processing 
speed.  Possibly the authors may consider 
this and the role of calibration tables as the 
subject of future article?

Julian Burt, Bangor University

continued over ...
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On the laser system we use for surface 
texturing we have a 254mm telecentric 
lens with an error corrected area of 30mm 
square, so almost everything we do requires 
moving the work piece and scanning. With 
this lens we have a spot size of 80 microns 
and can change to a 160 lens to give a spot 
size of 40 microns. Changing the lens take 
3 minutes, recalibrating the system takes a 
whole day. When you start to think of all the 
errors that can creep in when trying to get 
the X, Y and Z axes orthogonal and then 
add angular errors in the A and B axes when 
working with complex 3D surfaces it is a 
miracle that you can get the laser beam to 
go where you want on the work piece. We 
try to keep everything at a constant temper-
ature as the X axis is 1000mm and we also 
know from experience that the galvos need 
to be warmed up before making the grid 
pattern to measure the lens correction.

It will be apparent from the above that 
an enormous amount of thought by the 
machine manufacturer has gone into making 
our system accurate and it will come as no 
surprise that it is built on a 6 tonne milling 
machine chassis.

It is therefore very welcome to discover that 
work is being done in the area of combined 
scanning and servo systems to improve 
accuracy and especially where features 
cross marking boundaries, which is most 
of the time. The idea of moving the stages 
and the laser beam in a continuous fashion, 
as suggested by Cliff Jolliffe of Aerotech in 
this article, has got to be the way forward,  
particularly since this will reduce axis accel-
eration and deceleration times. On a recent 
5 axis job that took 5 hours we had 115 
patches that needed to be joined together 
and the component was moved to a different 
position for each patch. We had to do this 
50 times to achieve the depth we required. 
(That is 5750 axes movements.) The majority 
of the process time was in moving the com-
ponent and then bringing it to a halt and the 
material removal was only about one hour. 
So any improvement in the strategy for mov-
ing the work piece into position is going to 
help enormously.

Charles Dean  Fimark

Micro-structures for traceability marking 
of metal components
Krystian Wlodarczyk et. al.

This is an excellent and very interesting 
paper showing how a UV nanosecond-
pulsed laser can create micro-level features 
on 304-grade stainless steel and a select 
few other metals and alloys. AFM is used 
to good effect to analyse the depth of the 
features created and an acceptable range of 
power intensities has been used to gener-
ate a relationship between laser power and 
feature size. It is interesting to read that the 
depth does not change significantly with 
multiple pulses due to the low level of vapor-
isation in the nanosecond regime.

A minor comment, and perhaps similar work 

Observations continued: is being conducted already, but it may be 
advantageous to measure the surface ener-
gy of the laser treated areas after marking 
via contact angle analysis (may be difficult 
due to feature size), or the surface chemistry 
via X-ray photoelectron spectroscopy. This 
may be different for different materials, and 
could allow predictions to be made as to 
whether the marked areas will change over 
time due to exposure to air.

Overall, a very useful study, which should 
offer many advantages for the security and 
marking industries.

Andy Wilson  TWI

A laser application for paper-based fluidic 
devices
Collin Sones et. al.

The article by Sones et. al. illustrates a novel 
application for laser processing, that is sure 
to make a large impact of the point of care 
market. The interesting aspect is that the 
technique itself is relatively simple to set-up 
and anyone with access to a UV laser can 
repeat the experiments. There are a few 
un-answered questions that have pricked 
my interest. Firstly is the width of the usable 
line, reported as 120um, limited by the open 
pore size of the paper. If the pore size was 
lower, would you obtain smaller lines? Was 
the process speed with the 266nm laser, 
<0.1mm/s, limited by the ability to overlap 
individual pulses while scanning the beam? 
Would a higher rep-rate laser allow faster 
processing?

A good article opens more questions than 
it answers and so it is with the article by 
Sones. I look forward to following this work 
in the future and if time permits doing some 
work on it myself.

David Gillen Blueacre Technology

Although many microfluidic device ideas 
have been around for a long time, most 
have not become commonly-used mainly 
due to the complexity and expense of actu-
ally making them in a practical and cost-
effective manner. This article addresses 
one of the problematic areas, the issue of 
making fluidic transport structures within 
devices.

One feature of microfluidic chips is that 
fluid has to be moved from one location on 
the device to another so that some test or 
analysis can be conducted. In this research, 
to solve the issue of how to make the fluidic 
channel, paper is used as the medium for 
the fluid transport. The key differentiator in 
this approach is that instead of machining 
the channel in the surface of a substrate (by 
any number of different means) and then 
encapsulating it with a top layer, the channel 
is actually formed by a volume within the 
paper and so no encapsulation is needed. 
The sides of the channel are defined by 
using laser exposure polymerisation. 
Obviously using paper is a cheap option so 
the results are interesting in that they show 
that fluidic transport is actually possible with 
good confinement of the fluid. 

The laser aspect of this work - to polymer-

ise impregnated paper – uses low power 
pulsed and cw lasers, the cw laser being 
shown to be better in terms of the control of 
exposure that it provides. It is interesting to 
note the use of the three different lasers and 
how/why a particular laser was chosen. The 
ability to control the spot size, fluence and 
scan speed, independently of each other, 
allowed the optimum exposure conditions 
to be found for the paper exposure and 
this again illustrates the uniqueness of laser 
processing; being able to choose and opti-
mise the relevant parameters quickly to gain 
the desired results, something which is not 
always easy with non-laser sources.

Although paper-based devices have been 
investigated previously, the results presented 
here are impressive and appear to work well 
for the couple of validation experiments car-
ried out. Further work to make repeatable, 
reliable devices will obviously require a lot 
more effort but the results so far are a good 
implementation of a simple idea. 

Nadeem Rizvi  Laser Micromachining Ltd

This article describes how a laser process 
may be used to generate microfluidic chan-
nels for Point-of-Care (PoC) lab-on-chip type 
devices. The key is the use of paper sub-
strates to replace the more conventional and 
more expensive silicon or glass substrates 
currently used. The use of paper for such 
devices could well be game changing for this 
particular field –where low cost, efficient and 
robust devices are required to enable global 
take up of quick, reliable diagnostics of a 
whole range of ailments and conditions.

The authors studied both pulsed and cw 
laser systems in a direct write mode to gen-
erate containment walls through the total 
thickness of the paper substrate. A key issue 
they have overcome is finding the optimum 
set of laser parameters that allow for deep 
penetration through the paper whilst not 
damaging the front surface. It seems that 
the cw laser solution was the best and this 
is good news in terms of cost and ease of 
use. There is little point in having a low cost 
substrate if the processing is complex and 
costly.

The article could have been strengthened 
by the inclusion of a rough order of mag-
nitude cost of the total process compared 
to more standard (lithographic) processes. 
Writing speeds of up to 10mms-1 are quoted, 
but what does that translate to in terms of 
number of devices produced per hour for 
example?

The implication is that the spatial profile of 
the laser was Gaussian –this would surely 
affect the shape and ultimate dimension of 
the walls and tracks generated in the proc-
ess. Future work may benefit from some 
spatial profiling of the beam in order to 
improve the fidelity of the process.

This is an interesting and potentially life 
changing application of lasers –exploitation 
of the technique to the mass production of 
paper based PoC diagnostics is an exciting 
prospect for the future of healthcare.

Ric Allott, STFC RAL
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EVENT REVIEW

Walking round the 
Laser World of 
Photonics, I was 
struck by a few 
themes which were 
apparent to me as 
an observer. One 
of the first things I 
saw when I arrived 
was a 2.4 metre 
high robot called 
“Nox” who was 
advertising Laser 
Components. This robot (actually a man 
in a costume!) was huge. 

Robots of the real 6 axes variety were in 
abundance and several stands including 
Trumpf and II-VI were showing robots 
carrying galvo heads for high speed and 
accurate laser welding applications, and 

I feel that the advent of high power and 
high brightness fibre lasers makes the 
robot/laser combination a suitable solu-
tion for many production tasks.

The theme of efficiency, achieving a 
higher brightness than ever with a lower 
power consumption was a second theme 
which seemed to be present on many 
stands.  

With SPI Lasers, Rofin and Coherent 
showing fibre lasers in the region of 4 to 
8 kW, starting to challenge the leading 
position of IPG, and high power direct 
diode lasers also reaching power levels 
and brightness that allow them to be 
seriously used in laser welding applica-
tions (with further improvements to come 
in this area).

Two other trends which were almost 
universal were the increasing number of 
sources which offer ultrashort pulses of 
picoseconds and 100s of femtoseconds, 
which are advancing the quality of cutting 
and ablation without the heat – and the 
large number of the and longer wave-
length solutions for fibre lasers and diode 
lasers meaning that “around 1 micron” is 
not the only interesting wavelength.

3D printing gets bigger and better every 
year and there were several exciting 
machines and technologies from the 
nano-scale to the macro-scale to be seen 
in Munich.  This is certainly a high-growth 
area and exciting to observe.

Finally, I was 
impressed to 
hear about the 
new laser welding 
head from Laser 
Mech and Laser 
Depth Dynamics 
which was being 
showcased on 
the Laser Mech 
stand. The modified 
FibreWELD head 
seems capable 
of seam tracking, 
height sensing, real-time penetration con-
trol and data logging for quality control. 
Yes, it is expensive, but the capability is 
astounding. I hope to see one running in 
the UK soon!

Report on Laser World of Photonics 2015
Dave MacLellan

Following ILAS 2015 we asked delegates 
to respond to a satisfaction survey. Here 
is a summary of the responses.

Overview
In total 69 people responded to the online 
survey, around 32% of delegates. Results 
for this year's event were even better than 
for ILAS 2013. Most people agreed that 
the structure, which was little changed 
from the previous ILAS, was “about right” 
and over 95% of respondents said they 
would recommend it to a colleague. The 
ILAS venue was the best yet by far. This 
was especially true with regards to the 
layout, which worked particularly well for 

the exhibition and networking opportuni-
ties at break times. The venue was also 
the most expensive by far but most del-
egates felt the cost was “OK” and of the 
few who thought that the registration cost 
was high, most thought that the expense 
was worth it. 

Other comments: 

Facilities
• Sound and IT standard very high, 

venue excellent, exhibition area great.

Structure of the programme
• Poster display area was not visible 

enough, perhaps posters could have a 
timetabled slot.

• Difficult to choose between parallel 
sessions.

• Too many speakers? The quality of 
presentations was inconsistent.

• Some speakers were “too academic” 
whilst others gave a “sales pitch”.

Exhibition area
• Timetable had plenty of breaks, long 

enough to visit exhibition stands.

Information & logistics
• Would be good to have a complete 

programme as pdf to download/print 
week before.

• AILU staff were very helpful.
• Some presenters had not tested talks 

in advance leading to IT delays.

ILAS 2015 Review: Summary of our online survey

Would you recommend ILAS to a 
colleague? -  % saying YES

96

Arrangements for Presenters - 
how easy was it? - % of easy

90

Information AT the event - how 
helpful? - % of very helpful

90

Information BEFORE the event - 
how helpful? - % of very helpful

87

Networking opportunities - how 
excellent? - % of excellent

77

Exhibition - how worthwhile to 
exhibitors? - % of very worthwhile

80

Structure of the ILAS programme 
- how excellent? - % of excellent

80

Facilities - how good were they?  
- % of excellent

77

Nox

Laser Mech

Coherent

II-VI

Trumpf

SPI Lasers

Summary of responses
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This November 4-5, the UK’s advanced 
engineering communities will come 
together for their own bonfire night 
display: in this case the 2015 edition 
of Advanced Engineering UK, includ-
ing co locating shows Aero Engineering 
Show; Composites Engineering 
Show; Automotive Engineering Show; 
Performance Metals Engineering, 
together with one of the most compre-
hensive free conference programmes in 
the industry.

Rapidly shaping up to be the largest 
Advanced Engineering to date, more 
than 750 exhibiting supply chain part-
ners will be meeting and doing business 
with engineering and procurement man-
agement from OEMs and top tier supply 
chain organisations across aerospace, 
automotive, motorsport, marine, defence 
and more.

Innovation, innovation, innovation
Providing more feature exhibit areas 
than any other trade event in its sector, 
Advanced Engineering UK is particularly 
well positioned to showcase the kind of 
innovative technology the UK is particu-
larly known for, with an emphasis on its 
commercialisation possibilities. Typical 
areas of coverage will include graphene, 
wearable/printable electronics, smart 
materials, additive manufacturing, new 
approaches to design & manufacturing 
and much more.

Free to attend presentations from the 
highest quality speakers
Across the show floor 6 Open 
Conference auditoria will host presen-
tations ranging from companies like 
Boeing, to industry bodies such as 
Composites UK. Short, sharp deliver-
ies will provide attendees with quickly 
accessible industry intelligence, appli-
cations case studies, and technology 
updates.

The co locating show zones
The Automotive Engineering Show:
Representing the UK’s only dedi-
cated show and open conference for 
Automotive body, chassis, powertrain 
and supply chain engineering, the 
Automotive Engineering Show 2015, 
provides a showcase of specialist UK 
and international engineering services, 
technology and supply chain partners 
supporting the UK’s multiple vehicle 
engineering programmes – from passen-
ger cars to performance vehicles; from 
commercial vehicles to motorcycles, 
specialist low carbon vehicles and the 
engine sector.

The Aero Engineering Show: 
The Aero Engineering Show 2015 is the 
UK’s only dedicated show and open 
conference for the aero structures, 
power plant and aero systems engineer-
ing communities: it is a unique annual 
showcase of technology and engineer-

ing suppliers supporting the UK’s criti-
cally important Aero Engineering supply 
chain, the second largest in the world.

The Composites Engineering Show:
Reflecting UK industry’s increasing 
demand across diverse sectors for 
harnessing the benefits of composites 
materials, the Composites Engineering 
Show 2015 is a single UK showcase of 
the very latest in composites materials, 
composites processing equipment, tool-
ing and technologies, related design and 
simulation technology, specialist com-
posites processing services, composites 
test and inspection technologies, and 
much more.

Performance Metals Engineering: 
The addition of this show is a response 
to increasing demands for higher per-
formance from metallic materials in a 
range of capabilities vital to tomorrow’s 
engineering programmes… greater 
strength, lighter weight and extended 
functionality with processing efficiency.

Register now for your free entry 
badge: www.advancedengineeringuk.
com

Advanced Engineering UK 2015
4-5 November 2015    NEC Birmingham

Bouyant auto sector one of several drivers for growth in UK’s largest annual advanced engineering event

AILU will be at Advanced 
Engineering this year: come 
and visit us at Stand K105.

Advertising piece
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Key engineering events converge in one hall:
Advanced Engineering UK 2015

For more information visit

www.advancedengineeringuk.com

Join us where the
UK advanced engineering
sectors come together

Media and industry Partners include

Once again, the Advanced Engineering UK group of events brings together OEMs,

primes and all supply chain tiers, to meet and do business across some of the UK's

highest-growth advanced engineering sectors.

Whether attending as an exhibitor or a visitor, each of the co locating advanced

engineering shows provides you with a business forum and supply chain showcase

within its own sector, and those of its co-locating sister events.

Automotive – Aerospace – Composites – Motorsport – Marine –

Consumer – Energy – Electronics and more . . .

Hall 5 of the NEC this 4/5 November.

EXHIBIT SPACE FILLING FAST - CALL +44 (0)20 8783 3573 TO BOOK

AILU_GEN AD_A4_JULY 2015:Layout 1  16/7/15  12:39  Page 1



The Laser User      Issue 77, Summer 201532

Editorial Board for this issue

Ric Allott STFC RAL

Ed Birch Applied Laser Engineering

Gary Broadhead Laser Lines

Julian Burt Bangor University

Charles Dean Fimark

Stefan Dimov University of Birmingham

David Gillen Blueacre Technology

Paul Hilton TWI

Nadeem Rizvi Laser Micromachining Ltd

Andy Wilson TWI

Krystian  Heriot-Watt University 
Wlodarczyk

Last word

Editorial Policy
The Laser User is the house magazine of the 
Association of Industrial Laser Users. Its pri-
mary aim is to disseminate technical informa-
tion and to present the views of its members.

The editor reserves the right to edit any sub-
missions for space and other considerations.

Authors maintain the right to extract, in part or 
in whole, their material for future use.

'The Laser User’ is  
published quarterly by  
AILU for its members

The Laser User
Editor: Mike Green 

Sub-Editor: Catherine Rose 
 

ISSN 1755-5140

© 2015 Association of Industrial Users Ltd

AILU 
Oxford House 
100 Ock Street 

Abingdon   Oxon.  OX14 5DH

T: +44 (0)1235 539595 
F: +44 (0)1235 550499 

E: info@ailu.org.uk 
W: www.ailu.org.uk

Last weekend I attended a reunion din-
ner for the people who have worked with 
Professor Colin Webb at the Clarendon 
Laboratory in Oxford since 1968. I was 
his second PhD student (1969 - 72) and 
it was five years after I left that, together 
with colleagues and former students, he 
set up Oxford Lasers, a foremost pro-
vider of copper lasers (and later excimer 
lasers), high speed imaging systems and 
(currently) laser micro-processing serv-
ices and equipment. 

I mention all this as an example close to 
my heart of how physicists can have an 
important role in laser materials process-
ing (LMP), very much an engineering 
subject. Moreover, it seems to me that of 
all the aspects of LMP it is in the area of 
laser micro-processing that the strengths 
of the physics and engineering communi-
ties work together most effectively, as 
is well demonstrated in this issue of the 
magazine.

The current level of research and applica-
tions activity in laser micro-processing, 
fed by its growing industrial potential 
and rapid developments in pulse laser 
technology and instrumentation, is 
indeed phenomenal. It is not surpris-
ing that micro-processing was the most 
popular theme at ILAS 2015 and that 
all the papers in this issue are devoted 
to this topic and to the physics of LMP. 
The magazine is, as always, essentially a 
compilation of what members generously 
send in, yet I doubt I could have planned 
the contents better for this, my last issue 
as editor of The Laser User.

I started my working life as a physicist 
with a love of lasers and for the first 20 
years I worked on laser source develop-
ment, taking only a cursory interest in 
laser applications. My work in AILU has 
dominated the second 20 years and I 
would like to thank the engineers within 
AILU, far too many to name, who have 
supported me as secretary and magazine 
editor. In this, my final sentence, I can 
only exclaim: the lasers is a most miracu-
lous technology; sources and applica-
tions never cease to surprise; it has kept 
me and many others in the business, 
enthusiastic and positive all our working 
lives; and finally, the laser community 
is filled with people who are passionate 
about lasers - they are a joy to work with. 

Mike Green, Editor
mike@ailu.org.uk

"I doubt I 

could have 

planned the  

contents 

better for 

this, my last 

issue as  

editor of  

The Laser 

User"
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AILU events 
September 2015
22 Successful industrial weld-

ing: techniques and applica-
tions with laser and electron 
beam
TWI, Cambridge

October 2015
14  JS15: Annual Job Shop 

Business Meeting
Mazak, Worcester

AILU-supported events
October 2015
18 ICALEO (18-22)

Atlanta, USA

November 2015
4 Advanced Engineering UK 

(4-5) 
NEC, Birmingham

Full information on events can be 
found at www.ailu.org.uk/events

Advance Notice: AILU Workshop

Presentations, Exhibition and Tour

        Successful industrial welding: techniques and 
applications with laser and electron beam

22nd September 2015

The Granta Centre, TWI Cambridge
This workshop will compare and contrast laser and electron beam welding techniques, with 
the objectives of providing attendees with an increased appreciation of both techniques and an 
understanding of how current users down-select between the processes. The workshop will be 
chaired by Jon Blackburn of TWI.

Programme
Advances in laser and electron beam welding 
Chris Punshon (TWI)

Laser welding research in the Centre for Innovative Manufacturing in Laser Based 
Production Processes
Stewart Williams (Cranfield University)

Laser and electron beam – a comparison from a welding engineers perspective

Nick Longfield (Rolls Royce)

Laser and electron beam welding at GKN

Jan Lundgren (GKN)

Lasers in stainless steel – fabrication

Ian Bannister (Graham Engineering) 

Comparison of electron beam & laser welding of turbocharger shaft-wheels

Didier Horlaville (Honeywell)

Nd:YAG micro-laser welding, practical applications and opportunities

Jim Fife (Attica)

A perspective on opportunities for power beam welding in the nuclear industry

John Francis (University of Manchester)

Approaches to electron beam welding quality assurance

Mike Nunn (TWI)

Using laser beam analysis as process control tool for laser welding in production

Otto Märten (PRIMES)

One step closer to real-time control of the laser welding process - low coherence sensors 
heading for industrial applications

Markus Kogel Hollacher (Precitec) 

Tour of TWI
Including:

• High-power laser welding and cutting facilities
• Electron beam processing facilities
• Weld integrity and performance assessment facilities

Annual Job Shop business meeting: 
second operations 

14 October 2015
Yamazaki Mazak   

European Technology Centre  
Worcester

Presentations include: 

• Running a laser heat treatment job 
shop in Germany  
Tony Bransden, Ionbond Germany

• New lasers for cutting    
John Powell, Laser Expertise                                         

• How to sell your firm 
TBC

• Comparison of machines for improv-
ing edge and surface finish 
(several speakers)

• Commercial ‘what’s new’ session 
(several speakers)

• Review of 2015 Satisfaction Survey 

• Open forum session: discussion of 
second processes and other matters 
of interest

Tour of Mazak factory
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