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From
the
editor

Please don’t forget to visit our new website,
which has a completely new design and is
much easier to navigate.
After the first couple of weeks of
2013, hard adjustments after the
holidays, things are now starting
to settle. Hopefully we’ve been
through the worst of it — the big
freeze, the snow, Blue Monday —
and now it’s time to look ahead.
Here at CMM Magazine we have
been well prepared for the new
year, with the 2013 editorial
features list all ready, and cuttingedge articles and news from the
industry flowing in. Thanks to this
early preparation, getting the
new, January/February issue ready
has been a real pleasure.
Our Moulding Section focuses on
micro powder and micro ceramic
injection moulding, featuring very
interesting articles from Hartmut
Walcher of Arburg, and Martin
Sutter and Bob Whitlock of SPT
Roth.
The Machining Section is very
extensive, as usual, and it includes
an article on reducing metal
waste, a feature on micro
machining glass, and a wealth of
knowledge on lasers used in
micro machining polymers, in
medical applications and in
compact industrial design.
Our MEMS Industry Review
section includes an interview with
a person known to many of our

readers: Tony McKie of memsstar.
Tony gives us a great insight into
how a MEMS OEM works, of its
processes and overcoming
specific challenges. Henne van
Heeren has written a new article
for us, presenting the micro
fluidics base in the UK, which ties
in well with the focus on micro
manufacturing in the UK that we
have prepared for this issue.
Finally, I’m pleased to say that our
regular columnists are staying
firmly with us for 2013, and in
this issue you can find the Insider
column from Duc Pham and the
regular Commercialisation Corner
from Steve Walsh, this time
written in cooperation with
Miriam Luizink of MESA+.
Please don’t forget to visit our
new website, which has a
completely new design and is
much easier to navigate. It still
features the important micro,
high-precision and MEMS news, a
great company directory, an
extensive list of micro-related
events around the world, and
some interesting blogs. Go to
www.cmmmagazine.com to check
it out.
Aleksandra Wisniewska
Editor
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MICRO MOULDING | ARTICLE

Micro Injection Moulding
of FINE CERAMICS
MARTIN SUTTER, PRODUCT AND SALES MANAGER,
SPT ROTH LTD SWITZERLAND
AND BOB WHITLOCK, GENERAL MANAGER, SPT INC. USA

Ceramic injection moulding permits the
economical production of ultra-precise small
components while affording the maximum
design freedom in terms of geometric and
material properties. As a result, the
advantages of the high-performance
material benefit a wide range of industries.
<< ABOVE | Figure 1: Micro
components made of oxide
ceramics — the illustration depicts
innovative use of the material by a
wide range of industries. >>

Over the past several decades, the use of fine ceramics has
continued to increase as engineers and designers learn about the
unique characteristics of ceramics and their ability to withstand
harsh operating environments. While there are numerous
methods of forming advanced ceramics, micro injection moulding
often is the best choice for components with detailed complex
features which are not possible with standard forming processes
such as extrusion, dry powder compaction or casting methods.
Ceramic injection moulding (CIM) is a mature process that
permits the economical production of ultra-precise small
components while affording the maximum design freedom in
terms of geometric shapes and material properties.
In order to exploit the potential offered by this modern ceramic
forming process to the fullest, it is important to consider all facets
of the manufacturing process necessary to produce high quality
CIM products. These critical process steps include raw material
control, precise design and manufacture of the moulding tooling,
proper control of the CIM process and sintering parameters, and
repeatable and reliable secondary finishing operations. Only in
this way one can assure product quality and consistency be
guaranteed across different batches. It is also important that
these factors influence the component design as early in the
design process as possible.
>> Continued on page 10
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<< BELOW | Figure 2: Pharmaceutical Jet Nozzle with flow
control — ø 0.05 orifice with complex geometry of the body. >>

>> Continued from page 8
CIM Basics:
CIM is a combination of particulate materials, injections moulding
and sintering science. Submicron ceramic powders are blended
with proprietary binder and additives, which results in a mixture
having the fluidity to consistently fill finely detailed moulds and
machinery similar to those used in plastic and metal injection
moulding. Depending on the application and production
volumes, CIM tooling can be single or multiple cavity, and can
incorporate slides, cores, screws etc, in the same way as other
injection moulding tooling. The feedstock is heated as it is
introduced into the mould and cooled and ejected after the
mould cavity has been filled. The resulting solidified part is
considered in its ‘green’ state, exhibits high ‘green’ density, and is
significantly larger in size than the final component to allow for
the removal of the binders and additives, and the ultimate
sintering of the ceramic. Careful handling is required while the
parts are ‘green’, which is often accomplished by robotic
mechanical and vacuum grippers and precise loading onto the
sintering furniture.
Materials common to CIM products:
Apart from a variety of specific, application-related mixtures, two
basic materials, in particular, have become established in the field
of oxide ceramics.
Aluminium Oxide or Alumina (Al2O3) is currently the most
common and important oxide ceramic material. It stands out by
virtue of its:
• High strength and hardness
• High wear resistance
• Corrosion resistance
• High thermal conductivity for a ceramic
• Outstanding electrical insulation properties
• High-temperature resistance

Zirconium Oxide or Zirconia (ZrO2) is principally selected for the
following reasons and characteristics:
• Exceptional bending strength
• High modulus of elasticity (comparable with steel)
• Low thermal conductivity
• High-temperature resistance, and
• Good tribological characteristics
Individually adapting the ceramic material required for the
injection process and maintaining the proper relationship
between grain size and binding agents, permits the optimisation
of the material properties to the requirements of the finished
part. These two principle oxide ceramics can be combined to
enhance certain characteristics and can be blended with other
oxide ceramics to produce various electrical and mechanical
properties and even changes in colour or hue.
In certain applications secondary thermal processing is used, such
as Hot Isostatic Pressing (HIP) which further densifies the ceramic
micro structure (the last 0.5%). After the sintering process, CIM
blanks essentially correspond to the finished part. If necessary,
secondary operations can be carried out to produce special
product features and are accomplished via finishing operations
such as grinding, lapping, honing and polishing.
Applications for CIM components:
The use of ceramics in existing or new products can be
recommended to meet the following requirements in particular:
• Bio-compatibility
• Corrosion resistance
• Electrical insulation properties
• Wear resistance
• Quality of finish (as-fired, ground, lapped, polished, etc)
• Thermal stability
• High modulus of elasticity with low weight
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MICRO MOULDING | ARTICLE

<< Figure 3: Original component. >>

In medical technology and the dental industry, particular value is
placed on bio-compatibility, surface texture and transparency,
electrical insulation, coloration, quality of finish and consistency.
These place exacting demands on the purity of the materials,
process reliability and quality assurance. There is no shortage of
applications for ceramics in these fields, such as dental tooth
implants, abutments, orthodontic brackets, medical endoscopic
devices and nozzles for biologic fluid analysis.
In the field of machine manufacture, characteristics such as
extreme hardness and resistance to wear, corrosion and chemicals
count for a great deal, together with exceptional strength and low
weight relative to volume. Examples in this category would be
nozzles, guides, gearwheels and parts with screw threads.
The electronics sector calls for effective electrical and thermal
insulation, ESD properties and geometrically precise dimensions
for particularly small components. Applications include uses in
semiconductor wire bonding capillaries, receptacle guides and
grippers.
In general, it can be said that CIM offers itself as an economical
and reliable production technique, particularly for medium sized
unit quantities and upwards, involving complex shapes, stringent
tolerance standards, thin walls and tiny holes down to 0.015 mm.

It is important to submit CAD models, sketches or drawings early
in the design process to ensure CIM compatibility. This permits
the introduction of cost saving design changes and optimisation
of tooling concepts and minimised secondary operations. Figures
1 and 2 depict products of complex shapes which have retained
their shape in every detail in the injection moulding process
without any additional finishing work. Figures 3 and 4 depict a
component which has been designed for CIM in conjunction with
the customer from as early as the design stage. The shaping
possibilities offered by the CIM process are comparable with
those of plastic or metal micro injection moulding. Because of
their special properties, however, fine ceramics open up entirely
new possibilities. Developments in recent years are already
indicating that increasing numbers of users from wide ranging
industries are making use of these possibilities for their products
and are substituting fine ceramics for conventional materials. In
doing so, manufacturers are pursuing the objective of endowing
their products with better usage characteristics and, in turn,
reinforcing their competitiveness.
www.spt.net

<< Figure 4: The same component
following redesign in accordance
with CIM principles. >>

Designing for CIM
Designers familiar with plastic injection moulding
principles can easily adapt their concepts to CIM if
they consider the following guidelines:
• Uniform and consistent cross sections
• Gradual transitions (avoid sharp corners)
• Allowances for parting lines, gate vestiges,
ejector pin witness marks and draft angles
• Designs optimised for symmetry and minimal mass
• Complex features
• Production volumes of >10,000 parts/year
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MICRO MOULDING | ARTICLE
<< Figure 1: The micro
cogwheel made from
powder metal has a
diameter of 1.2 and a
thickness of 0.2 mm.
The 10 teeth are
involute- shaped.
(Copyright
Kugele/wbk). >>

Fully Automated, High-Volume Production

of MICRO COGWHEELS
HARTMUT WALCHER, APPLICATION DEVELOPMENT
CONSULTING PIM, ARBURG GMBH + CO. KG
Micro powder injection moulding (micro
PIM) has been significantly optimised in
recent years, not least owing to the
increasing demands with regard to micro
mechanical components. An important
factor for economic success in the injection
moulding of micro components and
therefore of micro system technology (MST)
is the ability to produce medium and high
volume production batches at a high level of
quality. The necessary know how is jointly
developed by universities and the industry.
One result of this research is the process,
developed with Arburg’s involvement, for
the fully automated volume production of
micro cogwheels using metal powder
injection moulding.

During this research project, injection mould specialist Kugele,
the Chair and Institute of Machine Tools and Production Science
(wbk) of the University of Karlsruhe and Arburg joined forces to
explore the potential of micro PIM. For this purpose, wbk took on
the task of automation for the entire process, while Arburg
contributed its experience in the field of injection moulding and
PIM processing.
What is PIM?
The term PIM stands for powder injection moulding. Put simply,
an injectable feedstock is prepared by adding a thermoplastic
binder to powdered ceramics and metals and subjecting them to
intensive mixing. This feedstock is then heated and injected under
pressure into a mould using the conventional injection moulding
process in order to create the part. The moulded part is then
removed from the mould and finished in two subsequent thermal
process steps. The first of these is debinding, during which the
binder is removed from the ‘green compact’ (as the demoulded
part is called). The result of this process is a 'brown compact'.
Next, the metal or ceramic part is sintered to its final size and
original material properties through heating. During these
thermal process steps, the component shrinks in a linear and
reproducible manner to between 18 and 22% of its original size,
owing to removal of the binder.
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The joint-venture project
The result of this co-operation between research and industry is
the fully automated volume production of a micro cogwheel using
the metal powder injection moulding process. PIM cogwheels of
this kind can be used, for example, as components in
micro motors for medical technology or telecommunication
applications. The specification of fully automated production
made necessary high-precision, automated removal of the
moulded-part sprue (which is much larger than the cogwheel
itself) directly in the mould. The sprue material is 100% recyclable
and can therefore be reused in production.
Removal of the micro cogwheels, which
were produced in a single-cavity mould,
was performed by a Multilift H robotic
system from Arburg, which is equipped
with a special gripper system based upon
the application of pneumatic force and
pneumatic drives. The parts were
positioned on ceramic trays, which are
‘magazined’ with high precision in a
stacking unit prior to automatic transfer to
the subsequent 'debinding' and 'sintering'
stations.

<< Figure 2: In powder
injection moulding,
standard machines which
are specifically configured
for PIM processing are
used. Micro cogwheels can,
for example, be produced
on hydraulic Allrounder
270 S machines equipped
with a 15-mm screw with a
special PIM geometry. >>

Moulding the micro PIM components
The micro parts were manufactured on an Allrounder
320 C 500-100 injection moulding machine featuring a
plasticising screw with a diameter of 15 millimetres for
material preparation. The special PIM geometry of this screw is
>> Continued on page 14
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<< Figure 3: The
Arburg micro
injection module
combines an 8-mm
injection screw with
a second screw for
melting the
material. >>

>> Continued from page 13
characterised by reduced compression and modified zone
breakdown.

principle is fully observed. The micro injection module is used, for
example, on electric Allrounder 270 A machines with a size 70
injection unit.

The shot volume was 1.1 cm³ and the injection flow was 10 cm³/s.
The switchover pressure was 900 bar and the holding pressure
time was 0.1 s. The pressure reduction from 900 bar down to 25
bar took place in only 0.5 s. The machine reacted very sensitively
to minimal changes in the injection moulding process. It was thus
possible to perform filling studies by means of parameter
modifications to determine optimum cavity filling at the changeover point in increments of 0.005 cm³. The result was an
absolutely perfect, high-quality moulded part with an extremely
high degree of reproducibility in volume production.

Careful handling and set-down of micro cogwheels
In order to prevent damage to the components during removal
and handling, force-regulated or force-limited gripper systems
are necessary in order to ensure that tensile and compression
force limits measured in the milli-Newton range are not exceeded
with regard to the fragile green compact. Moreover, the gripper
system must be positioned with high accuracy in relation to the
cavity.

Alternatively micro cogwheels of this kind can today be
produced on hydraulic Allrounder 270 S 400-30 machines, also
equipped with 15-mm screws. Moreover, Arburg has now
developed a micro injection module that combines an 8-mm
injection screw with a second screw for melting the material.
Here, a servo-electrically driven screw pre-plasticising section,
which is installed at 45 degrees to the horizontal injection unit,
ensures ideal preparation of standard granulates. In terms of
flight depths, the plasticising screw used is similar in design to a
conventional three-zone screw. The molten material is then
conveyed to the injection unit. The 8-mm injection screw used is
purely a conveyor screw. It is fitted with a non-return valve and
operates according to the screw/piston principle. This permits
minimal shot weights to be achieved with great precision and with
the necessary travel distances. At the same time, the perfect
interaction between the screw pre-plasticising section and screw
injection ensures excellent, gentle processing of the plastic. The
melt is continuously fed forwards from the material inlet to the tip
of the injection screw. This ensures that the first-in, first-out

The positioning requirements of the robotic and gripper system
were under ±2 μm in the application described. The gripper was
engaged via a centring device on the moveable side of the
mould. This enabled the gripper tool to be positioned with
micron-precision for part removal, without misalignment.
The vacuum gripper with pneumatically actuated kinematics
ensured low-stress component handling and optimised gripper
movement for subsequent component set-down. The stacking of
the components was performed by air-assisted set-down, which
was supported by the gripper kinematics. The set-down distance
was 5 millimetres. The Multilift H, which served as robotics system
on the machine, was fitted with servo-electrically driven axes in
order to enable precise movement to the relevant position.
First-class mould technology
A glance at the mould used also reveals state-of-the-art
technology. The mould cavity was initially wire cut and its surface
precision spark-eroded and micro blasted. Despite the small size
of the cogwheel, with an external diameter of only 1.4 millimetres,
sprue removal was performed directly in the mould via a three-
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<< Figure 4: During
powder injection
moulding, the powdered
ceramics and metals are
not melted like the
conventional plastic
granulates, but are
converted into an
injectable feedstock. >>

platen mechanism. The first removal step
separated the sprue from the part, the
second removal step aided demoulding of
the part. The mould temperature for
optimum material processing was 55°C and
the material temperature was 155°C.
The finished moulded part was demoulded
via a highly polished sleeve ejector. Centring
cones ensured precise centring of the two
mould halves as well as positioning of the
gripper and robotic system.
Some impressive figures with regard to the
micro cogwheel illustrate the precision
required during mould design and
construction: the part features an inner
diameter of 525 μm, a thickness of 0.2 mm and
a base circle measuring 970 μm. The 10 teeth
are of a so-called involute design, with a
rounded base and tip.
The right basis: the material
In order to produce the miniature part, a
hardenable, type 17-4 PH stainless steel from
Osprey was used. The special gas-atomised
powder is extremely fine, which means that the
grain size proportion of under 4 microns amounts to around 95%.
The material was compounded directly at Arburg using Clariant's
Licomont binder and various additives. Tests were also
performed with zircon oxide powder, a ceramic material from
Tosoh and the same binder system. Conclusion: the micro
cogwheel can be produced in equally high quality in ceramics,
with the same good moulding and demoulding characteristics.

Funded co-operation
The co-operation, in which the companies Cremer (furnace
construction), Inmatec (material processing) and Förster MIMTechnik (production) also subsequently participated, came
together on the initiative of the Chair and Institute of Machine
Tools and Production Science (wbk) of the University of
Karlsruhe and was funded by the Stiftung Industrieforschung
(Foundation for Industrial Research).
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COMMERCIALISATION | CORNER

THE HIGH TECH FACTORY:
the Next Generation in
Nurturing Small Tech Enterprises

Miriam Luizink, Technical-Commercial
Director of MESA+, Director High Tech
Factory and Fund, MANCEF member
Dr. Steven Walsh, Regents Professor at
UNM and Past President at MANCEF
t seems appropriate to write a commercialisation corner article
on the High Tech Factory that coincides somewhat with the
international entrepreneurship week. The University of
Twente and MESA+ have long been interested in supporting
micro technology and nano technology startups and they have
possibly nurtured the largest number of startups in that arena in
Europe. MESA+ is generating three to four entrepreneurial spinouts annually. Indeed, the University of Twente was called the
entrepreneurial university for well over a quarter of a century and
has generated well over 600 high tech startups in the last two
decades alone. Is it any wonder with that background that MESA+
has embraced the larger definition of entrepreneurship by
including entrepreneurial action of larger firms as well as still
emphasising the support of Schumpeterian Greenfield high tech
startups? Further, does it surprise when it was the first to initiate a
next generation effort to assist startups bases on micro and nano
technologies by developing a new facility named the High Tech
Factory? This next generation effort is embedded in the region’s
entrepreneurial friendly culture and is spearheaded by Miriam
Luizink.

I

The High Tech Factory is a production facility that provides the
infrastructure and cleanrooms required for the commercialisation
of small technologies but it is much more that that. First, it is
located near the new NanoLab MESA+ research institute, one of
the world’s largest research institutes in the field of nano
technology. Next, there is constant interaction between firms
small and large which helps inventors and innovators sharpen
their value statements. Further, it provides mentorship and
support from serial entrepreneurs and active consultants
experienced in small technology commercialisation. And yes, it
provides access to funding. How does this system work?

The High Tech Factory provides access to world class researchers,
which can be achieved via many of the world’s over 600 micro
and nano technology research centres, with the caveat that
MESA+ researchers are in the top 1% of all research facilities on
most measures of excellence. It also provides novel debt and
equity instruments. One is the High Tech Fund and the way it
works depicts just how much control the High Tech Factory
tenants have over the future of their funding, research and
production facility. The High Tech Fund provides companies with
the opportunity to lease expensive production equipment for a
period of five to eight years. In other words, they need not make
a huge one-off investment and they are relieved of what can
generally be regarded as an insurmountable pre-financing
problem. Tenants can submit applications for funding several
times a year. Individual companies are limited to a maximum of
€500,000; if a joint application is made, this amount can be
increased to a purchase value of €1.5 million. Few facilities
provide this value. Yet it is interesting that the decision process
for accepting or rejecting proposals is subject to a committee of
entrepreneurs and investors who assess the application and
advise the High Tech Fund Board. This activity further embeds
the small tech firms with potential stakeholders. It is home to
serial entrepreneurs, portfolio entrepreneurs, large firm
entrepreneurial activity as well as entrepreneurs initiating their
first effort.
The High Tech Factory includes facilities for both back and front
end equipment. Currently a cluster of firms with the expertise not
only in silicon, plastics and glass but also in nano materials, micro
and nano fluidics, optics, information technology and other
technologies create a vibrant community that allow firms to reach
the market much faster than they might otherwise. Many firms
find that this cluster provides an advantage for them, enabling
them to concentrate and focus on their competence or expertise
area and rely on others for differing competences required to
quickly get their products to market. We highlight two firms,
SolMateS and Medspray that have benefited from the High Tech
Factory concept and have utilised the High Tech Fund.
Dr. J.M. Wissink is the managing director of Medspray and has
utilised both the High Tech Fund and the High Tech Factory in
his search for competitive advantage. Medspray utilises
innovative aerosol technology focusing on nozzle development
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<< Figure 1:
Medspray Rayleigh
Jet line spotlight. >>
<< Figure 2: SolMateS
Piezo layer deposition
equipment. >>

for drug delivery and other applications. Most of the spray
nozzles developed by Medspray are based on silicon chips with
micro holes. It often teams up with other enterprises for specific
applications and its nozzle technology is patented and ISO
certified. It uses the High Tech Factory at MESA+ Nanolabs to
mass produce thousands of nozzles at a time. It is using the High
Tech Fund to purchase additional equipment in order to move
toward a much larger production rate in 2013, when one of its
products moves into commercial production. This ‘super inhaler’
allows patients like those that suffer from asthma, COPD and
other lung based maladies to obtain a five times improvement in
the effective dosing of medication when compared to traditional
inhalers. Figure 1 shows the results of using a Medspray nozzle.
SolMateS was established in 2006 and has developed a
systemised solution for a well-known problem in the chip
industry. Director Arjen Janssens and the team of SolMateS
manufacture and sell capital equipment that provides exceptional
piezo layers (that moves under the influence of an electrical
charge). The coating is essential in order to allow the minute chip
components to move. This superior piezo coating technologies
allow for a superior pathway for numerous new applications. For
instance, this technology provides the necessary manufacturing
infrastructure for higher resolution print heads, small auto
focusing lenses that make it possible to take better photos with
mobile phones and many others. This success was supported by
financing obtained from High Tech Fund and development at the
High Tech Factory. The company has built both Alpha and Beta
units and has attracted venture financing. It is currently producing
its equipment for customers (see figure 2). The grand opening of
the High Tech Factory and the High Tech Fund will have an
exceptional impact on this already innovator-friendly community
and the world of small technology commercilisation.

IR. MIRIAM LUIZINK
Miriam Luizink has been the technical-commercial director
of MESA+ Institute for Nanotechnology since 2006. She also
became the director of the shared production facility High
Tech Factory, and the operational lease facility High Tech
Fund, both targeted at micro and nano tech based
companies. Miriam Luizink serves as president of the board
of NanoLabNL, the national nanotech facility and
consortium since 2012. Miriam graduated in Applied
Physics at the University of Twente in 1998. She has worked
at Akzo Nobel Central Research on the topic of optical
switches from 1996 until 1998. She then worked at the
Dutch Telecom company KPN on optical network
innovations; at first as a researcher in the Netherlands
followed by a two-year period as consultant in Costa Rica
from 1998 until 2001. Miriam further worked as project
manager for regional economic development at
Development Agency East Netherlands from 2002 to 2006.
DR. STEVE WALSH is the Regents professor at UNM’s
Anderson School of Management. He has many business
service awards including the lifetime achievement award for
Commercialisation of Micro and Nano Technology Firms
from MANCEF. He has also been named as a Tech All Star
from the State of New Mexico Economic Development
Department and has been recognised by Albuquerque the
magazine as a leader in service to the economic community.
Recently he was ranked in the top 10 researcher for the last
decade in innovation research by IAMOT. Finally, he is
exceptionally proud of the Anderson School of
Management Service to the Community Award.
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Femtosecond Lasers in
Compact INDUSTRIAL DESIGN
words | Eduard Fassbind, CEO, Swisstec AG
In many respects, ultrashort pulse
lasers are the ideal tools for micro
machining.
However, the full potential of this
class of lasers can only be utilised by
using application-specific and
industrial overall systems. An
exceptionally compact system, the
first of its kind in the world, was
launched at Lasys in Stuttgart.
<< Figure 1: Ultra-compact
“MFT 80” laser system: a
base area of just 0.8 x 0.8
m2 contains all secondary
equipment. The user has a
free choice of fibre and
femtosecond lasers. >>

Nowadays, cutting, drilling, welding and structuring are standard
tasks in laser micro machining, across a wide range of materials.
Ongoing developments are being driven by new, more reliable
beam sources that allow precise machining that does not harm
the material and requires no additional work. Ultrashort pulse
lasers are definitely among the most promising of these beam
sources, with both picosecond and femtosecond lasers now on
the market.
Industrialisation gaining momentum
Until a few years ago, these lasers were primarily used in the
research sector, but they are now increasingly being developed
for industrial use. Well-known companies in semiconductor
technology and display production now utilise picoseconds lasers
as part of their fully automated production lines. Because of the
scale effects and very high availability demanded in these sectors,
ps lasers have succeeded in shaking off the label of being
complex, expensive and sensitive laboratory equipment. With up
to 100 W of power — and even into the kW range in laboratory
systems — and repetition rates of up to 1 MHz, picosecond lasers
are becoming standard tools in micro machining and attracting
interest from an increasing number of sectors. The second group
under the umbrella of ultrashort pulse lasers are femtosecond
lasers, which are also on the verge of breaking through into more
widespread industrial use. Compared to picosecond lasers, the
key advantage that fs lasers can claim is that they are suitable for
practically any material.
From fibre to femtosecond lasers
For many years, Swisstec Micro Machining from Herisau,
Switzerland, has been successfully using fibre lasers with an
average power of 50 to 400 W for precision cutting of stents and
for welding and drilling other medical products such as
hypotubes, needles, endoscopes and canulae. With cutting
widths of between 10 and 30 μm and 24/7 production, laser
systems like the “MFT 80 / 120 / 160” can achieve cutting speeds
of more than 3000 mm/min in the μm range. Swisstec was very
quick to recognise the advantages of ultrashort pulse lasers and
carried out extensive tests on relevant systems. Femtosecond
lasers in particular were revealed to have huge potential for
applications in medical technology, sensors and aeronautics.
“All in one” integration of all secondary equipment
As a result, Swisstec has invested a huge amount of development
work in providing users with convenient access to ultrashort pulse
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>> Continued on page 20

<< Figure 2: Hypotube made of SS, cut without burrs or waste with a fibre laser at a cutting speed of approx. 2500 mm/min.
The cutting joint when tapping has simultaneously got a gap of around 10 to 12 μm. >>
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<< Figure 3: Polymer stent, cut
with a femtosecond laser at a
cutting speed of around 2000
mm/min and with a gap of around
8 to 10 μm. No burrs or adherent
waste can be seen. >>

<< Figure 5: Nitinol pipe with a
wall thickness of 250 μm: the
edges are cut with a femtosecond
laser. Absolutely no adherent
waste is produced. >>

<< Figure 4: Nitinol stent, cut
with a fibre laser at a cutting
speed of around 1000
mm/min. >>

>> Continued from page 19
laser technology. One of the crucial factors was to offer extremely
compact laser systems that allow a flexible choice of beam source
within a standardised and modular granite framework. Another
key development goal was to house all of the required secondary
equipment in the smallest possible space. The MFT 80 laser
system certainly achieves this goal. With a base area of just 0.8 x
0.8 m2, the machine is not only exceptionally compact, this
compact housing also contains all of the auxiliary and secondary
equipment (figure 1). This makes the machine the most compact
all-in-one laser system currently available on the global market. In
addition, users have a free choice between fibre and
femtosecond lasers in the same overall design, and changing over
is possible within a reasonable time. To achieve the ambitious
goals, the first step was to modify the kinematics and the
positioning of the beam path. New ground was also broken in
terms of the cooling and secondary equipment. Compact cooling
units based on Peltier elements are now used, which take up only
a fraction of the original space, while simultaneously reducing
energy consumption.
Compact dimensions, high power
This marks a significant development advance in terms of ‘green
energy’. The stable granite framework plays a major role in
ensuring that the MFT 80 provides the optimum features for high
precision production, in terms of temperature stability and
vibration cushioning. The system represents a convenient, spacesaving and expandable concept, for both industrial environments
and for research and development, which satisfies all of the
stringent health and safety requirements for industrial use. In
contrast to the dimensions, no cuts at all were made when it came
to the system’s power rating. Because of the modular system, and
in spite of its compact dimensions, Swisstec can supply
application-specific, customised system solutions, comprising a
range of different axis configurations.
Modular design for customised machines
Cutting lengths of up to 1000 mm and pipe diameters of

between 0.1 and 30 mm can be configured for specific
applications. A changeover from pipe to flat part machining can
be made in just a few minutes. Modular pipe sections combined
with fully automatic pipe loading magazines are available, along
with a range of robot and handling systems for removing the cut
parts. In the standard design, the pipe is moved using a linear
motor powered X axis. The rotary motion in the A axis is
performed by high precision ball bearings with a direct drive. In
this design, the laser head is not moved at all. If the user wants an
offset cut that does not point towards the centre of the pipe,
additional NC axes are implemented. These move the laser head
horizontally and vertically, and can dynamically update the focus
point according to the pipe radius. On the MFT model, an
additional 180 degree rotation axis enables fully synchronised
5 axis motion to be achieved. The repeat accuracy of the axes is
0.1 μm (optional 0.01 μm) and is ensured by glass scales. This
feature means that complex structures can be produced, which
considerably expands the range of possible applications.
Thanks to a minimum laser focus of less than 10 μm and an
exceptional repeat accuracy of 0.1 μm, Swisstec systems can
achieve extremely high accuracy and cutting speeds. The
femtosecond laser itself has a minimum laser focus of less than
10 μm. The power is 10 W (optionally up to 100 W) with a freely
programmable pulse frequency of between 100 kHz and 1 MHz.
This level of variability opens up a wide range of applications and
materials. As a result, the concept is of interest for machining of
nitinol, cobalt-chromium, titanium, magnesium or temperature
sensitive (bio) polymers, which are frequently found in stent
production (figures 2 to 5). In terms of the cutting speed, fs lasers
achieve the kind of values required in industry, for example
400 mm/min or higher for cutting magnesium, depending on the
material thickness. Thanks to its many years of experience in
machining these materials, Swisstec is able to provide expert
support in implementing and operating femtosecond lasers. This
includes extending machines with in-line process monitoring,
material feeding and component removal systems.
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IN THE LIFE SCIENCE INDUSTRY

of Laser Micro
Machining Polymers
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FUNDAMENTALS
words | Glenn Ogura,
EVP Business
Development, Resonetics
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<< Figure 1: Micro hole drilling: laser-drilled hole array in polyimide. >>
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Polymer-based life science products such as medical devices and
diagnostic consumables can be micro manufactured by a number
of manufacturing platforms such as micro injection moulding,
mechanical milling, soft lithography, photo-imageable
lithography, standard lithography, lamination of multi-layers,
mechanical punching and manual methods such as razor blades,
to name a few. Certainly as feature sizes drop below 300 microns,
then plastic micro injection moulding becomes more challenging
to control the flow of material, especially if features are
embedded in the mould that requires insertion of pins. As
features drop below 150 microns, then mechanical milling and
mechanical punching are more difficult due to tool wear and
edge quality. For features dropping below 100 microns and
reaching even sub-micron features, soft lithography (hot
embossing), photo-imagable lithography or standard lithography
are limited by the material selection, especially biocompatible
polymers as well as hard tooling costs, multiple processing steps,
lead-time and design flexibility.

Scalability to high volumes to drive down costs is accomplished
through a combination of laser beam utilisation (i.e. large beam
equates to larger area machined), automated part handling, insitu machine vision, geometry compensation and process
enhancements.

In the life science industry, design engineers are faced with
developing a design that often involves many iterations, including
material selection. For these reasons alone, laser micro machining
has become a favorite manufacturing method because it is a
single-step direct process. The laser beam ‘ablates’ or removes
the polymer material directly and does not require long-lead
tooling (moulds, punches, master) nor involves multi-step
manufacturing steps that eat into aggressive short development
schedules. As machining features fall below 150 microns, then
laser machining is not only the fastest prototyping method but
also viable in terms of scalability to high volume manufacturing.
This is important because design engineers can validate the
development process for commercialisation, saving valuable time,
resources and costs.

Many different laser sources can be used to micro machine
polymers but for life science products where thermal damage,
loose debris, ‘hanging’ chads, irregular edge quality can affect
device efficacy, laser sources are generally chosen for their short
wavelength or short pulse duration to ensure highest quality.
Short wavelength lasers include high power excimer laser
operating at 193 nm or 248 nm or diode-pumped solid-state
lasers running at 266 nm or 355 nm. While these lasers have short
pulse duration (in the nanosecond regime), ultrafast lasers such as
picosecond and femtosecond lasers have niche applications
machining polymers with low melting temperatures, including
bioabsorbables and fluropolymers.

In general terms, laser micro machining can process most polymer
materials with feature sizes approaching 1 micron and the
machining depth not exceeding 1 mm. Laser micro machining can
handle any device format such as planar (sheet, web or roll),
catheter (tubular) or 3D device (such as a balloon). In the life
science field, the most common polymer materials include pebax,
nylon, polyurethane, PET, polyimide, PEEK and bioabsorbable
polymers (PLA, PGA etc) as they are used in balloon-catheter
devices, short and long term implants, filters, stents and scaffolds,
sensors and in-vitro diagnostic consumables. Certainly laser micro
machining is a proven validated manufacturing process used in
many devices that have received regulatory approval.
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<< Figure 2: Micro stripping
(etching): surface modification
of balloon. >>

<< Figure 3: Micro stripping
(etching): laser stripped
neuro coil. >>

Laser micro machining of polymers can be divided into three
major capabilities:
Micro hole drilling
Micro stripping (or etching)
Micro cutting
Micro hole drilling:
As a general rule, lasers can drill holes or slots from mms to as
small as 1 micron diameter. The drilled hole has a half angle taper
angle of approx. 3 to 5 degrees with respect to the vertical,
meaning the entrance hole diameter is larger than the exit hole
diameter, governed by the taper angle. The maximum drilling
depth is approx. 1 mm. In typical medical device applications, the
hole diameters are 25 to 300 microns with tolerances as small as
±12 microns, influenced by the material interaction more than the
optical resolution of the laser drilling system. For in-vitro
diagnostic applications where the hole sizes tend to be cellularbased (1 to 10 microns in diameter), then hole diameter
tolerances need to approach ±0.5 micron for the smallest holes.
Lasers can drill through holes in polymer materials one hole at a
time or drill multiple holes at once. The application determines
the selected type of laser source and process method. For
micropore filters such as embolic filter protection devices or PCR
emulsion filters where there can be thousands of microholes
packed into an array, drilling one hole at a time is not costeffective. In these hole array applications, large power excimer
lasers (up to 200W) illuminate a non-contact mask that contains
the array of holes. A downstream lens ‘images’ the hole array on
to the part, allowing multiple holes to be drilled simultaneously.
This technique, called mask projection, guarantees that the hole
diameter and hole pitch remains consistent anywhere in the hole
array pattern, an advantage for any application where consistency
and reproducibility are important. These non-contact masks are

typically low cost with short lead-time (1 week) so they do not
delay development efforts and can be fashioned into any shape
such as elliptical holes.
For applications where the hole distribution is random (not in a
tight cluster), drilling one hole at a time may be cost-effective. In
this case, low power diode-pumped solid-state lasers operating
at 266 nm or 355 nm are deployed where the beam is focused
to a small spot (typically 10–25 microns diameter) and the hole is
trepanned or traced out. High speed spinning optics direct the
laser beam in a XY direction while the lasers operate at high
repetition rates of 100 kHz or higher to achieve fast scan rates.
Micro stripping (etching)
Unlike mechanical processes, lasers can remove material layer-bylayer, providing selective stripping or etching of a material,
resulting in the creation of features such as blind holes, blind
channels, surface modication, tube notching or stripped wires
and cables. Each time the laser pulses, it can remove material as
small as 0.1 micron. The precise small volume of material removal
is instrumental when selective depth is required, especially if the
underlying substrate must not be disturbed.
Unlike a chemical etching process that is isotropic (etches in all
directions equally), the laser process can etch polymer material in
a specific direction, directed by the design of optical beam
delivery system. This unique feature of the laser process,
especially UV lasers, allows holes or channels to be drilled with
relatively straight walls without flaring at the exit hole. The small
amount of material removed per pulse means tight depth control
(better than ±10%) and relative smoothness of the bottom crater
or channel (typically less than ±1 micron).
>> Continued on page 24
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>> Continued from page 23
The laser process can also discriminate between different material
types. The obvious example is laser stripping thin polymer-coated
wire where the ablation threshold to remove polymer is an order
of magnitude smaller than the underlying metal wire. This means
that the laser can etch all the way to the metal wire and the laser
can repeatedly pulse the wire to ensure 100% cleanliness without
concern about damaging the wire.
An interesting phenomenon of lasers is that if the laser is
operated at the ablation threshold point, defined as the
threshold where exceeding it results in material removal and
below this point, nothing happens to the material, then surface
modification can take place such as producing subtle sinusoidal
patterns or random surface variations. The surface can be
‘roughened’ to enhance bonding between two polymer materials,
such as a balloon and catheter. The total surface area can be
increased which is important for some applications.
Micro Cutting
Micro cutting refers to a laser process to singulate (isolate)
individual pieces from a sheet or to cut intricate patterns into a
device to produce a stent or scaffold. The obvious advantage of
using a laser to singulate devices from a polymer sheet is the
narrow kerf width. If devices are packed closely together, then
using traditional mechanical punches will eat up valuable real
estate. Kerf (cut) widths as small as 5 microns are routinely
possible with a laser process with the added advantage of no tool
wear or material deformation. For multi-layer devices involving a
thin film metal deposit over a polymer sheet, laser singulation is a
precise, repeatable process without delamination effects.

For such singulation applications, unlike hole array drilling that
uses a parallel mask projection process, a direct write process
using a diode-pumped solid state laser in the UV regime or
ultrafast lasers (picosecond or femtosecond) is the preferred
method due to the high cutting speed dictated by moving a spot
at high linear scan rates.
Micro cutting of intricate complex patterns is a classic laser
process. The most obvious application is the laser cutting of
coronary stents, both drug-eluting and bare metal stents.
Bioabsorbable polymer scaffolds (stents) is the next generation
stents and is expected to gain a significant share of the stent
market in the next five years. These complex devices have strut
widths of 25 microns (or less) and require small kerf widths to
create the complex geometries. Polymer stent cutting does not
have the post deburring requirement because the laser process
‘vaporizes’ the polymer material, leaving no flash. Dependent
upon the material, excimer lasers at 193 nm wavelength, UV
picosecond or longer wavelength femtosecond lasers are the
preferred laser source. Specific design features, device format,
material type, molecular weight loss and overall cost determine
the best laser source and process.
In summary, laser micro machining is a common micro
manufacturing method to fabricate polymer-based life science
products for both medical devices and in-vitro diagnostics
applications. Many regulated devices available on the commercial
market use lasers as their manufacturing platform. The ability to
quickly prototype new designs with scalability to high volumes,
the high precision capability (as small as 1 micron), the
consistency and repeatability of this non-contact process make it
an important micro manufacturing process for the life science
industry.

<< Figure 4:
Micro cutting:
laser cut
bioabsorbable
stent
(scaffold). >>

<< Figure 5: Micro
cutting: laser ‘keyhole’
cut in tubing. >>
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Focused On Manufacturing:

OVERCOMING THE CHALLENGES OF
MACHINING SMALL FEATURES IN GLASS
words | Mike Adelstein, Potomac Photonics
he unique properties of glass make it the optimal material
choice for many applications. The semiconductor and
micro electronics idustries utilise glass due to its inert and
optical characteristics. Biologically inactive, it is commonly used in
the biochemistry and medical fields, particularly in the
manufacture of micro fluidic devices. So, while glass is often a
strong material choice, the machining of glass for those
applications poses a set of unique challenges.

T

The demands of machining glass are complicated further by the
wide variation in glass characteristics. There are many types of
glass, including fused silica, borosilicate glass and quartz, each
with different properties. Consequently, there isn’t just one
solution for micro machining glass. At Potomac Photonics, we
found that we needed to integrate a number of micro
manufacturing technologies to discover the most appropriate
technology to use for various applications.
As described in the Society of Manufacturing Engineers
Knowledge Base, glass is very fragile and manufacturing
processes must take into account the possibility of cracking and
breakage. While micro CNC machining is a good process for
thicker glass parts, we find that thin glass can only be successfully
machined with the non-contact material interaction of laser light.
This is especially true for glass tubes. Walls of glass tubes are
often so thin that cutting through to the other side is a problem
with mechanical processes.
However, not just any laser can successfully machine glass.
Machining will only occur if the material absorption is matched to
the laser wavelength. While there is variation between the types
of glass, most glass absorbs somewhere in the ultraviolet
wavelengths. This limited absorption spectrum also makes glass a
great substrate for conductive coatings or films where precise
patterning is desired without damaging the glass.

<< Small holes
in glass. >>

We are also able to control depth of the cut or hole by the
number of laser pulses delivered to the surface. With UV lasers,
this pulse control allows us to create very precise blind holes or
wells in glass surfaces. In addition, lasers are also excellent tools
for precision marking of glass for applications such as putting
fiduciary marks on parts, or batch control codes.
A number of the challenges in working with glass relate to
auxiliary requirements, beyond the actual machining. Fixturing is a
particular problem, especially with thin glass. Due to its fragile
nature, fixturing has to be designed to be robust enough to hold
the glass firmly, yet not introduce uneven stresses that can lead
to undesired damage (eg. cracking, chip-out, etc.) of the glass
substrate. Another challenge in processing glass is cleaning.
We’ve developed sophisticated post-process cleaning to
eliminate any debris generated in the micro machining.
Potomac’s extensive expertise in glass micro machining has
actually expedited research being done in the Biochemistry and
Molecular Genetics Department at the University of Colorado
School of Medicine in Denver. Dr. Jay Hesselberth’s cancer
research utilises a micro fluidic glass device with ports to put fluid
through the glass.
As research technician Kerri York remembers: “Micro machining
the glass slides was the bottleneck in our project. We had built an
apparatus and needed the parts to fit exactly. So consistency of
hole alignment and size was crucial.” Using a diamond bit
mechanical tool, Ms. York found that the breakage of slides
yielded few useable parts. She discovered Potomac online, and
comments that “parts from Potomac were perfect from the start.
We’re scientists, and our expertise is not in fabrication. So it’s so
much easier not to have to spend time on the machining. Prior to
finding Potomac it took six months to get a result, and now we’re
doing that same process in a month. Potomac’s glass micro
machining was a saving grace for the project.”
It’s gratifying that Potomac has been able to develop a set of
skills for micro machining glass that can propel important projects
forward, especially in cancer research innovation.
www.potomac-laser.com
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Reducing

METAL WASTE
Engineering businesses grow by employing the
latest technologies to strengthen and boost the
efficiency of the manufacturing process. Mark
Jennings, Engineering Director at Dawson
Shanahan, looks at innovations in sustainability
within manufacturing and engineering that
open up a world of new opportunities for the
manufacture of precision parts.

he Engineer recently reported that UK manufacturers are
losing millions in potential profit through inefficient
recycling, quoting a report that claimed British
engineering is losing up to £780 in potential revenue for every
tonne of metal waste recycled. However, the report took a
positive outlook by highlighting the potential of a new wave of
swarf (metalworking waste) processing machines.

T

For many manufacturers metal is an essential raw material and so
swarf processing represents a powerful cost-saving initiative. The
problem that most companies face is that their critical
engineering processes can generate large volumes of waste
materials, of which metal in the form of swarf, chips and offcuts
accounts for a considerable proportion. For the production of
many components that are cut, milled or ground from solid
workpieces, the ratio of metal retained in each finished part to
the volume of scrap can be as high as 1:4 — which means that
80% or more of the original material is being converted to waste.
The volume of scrap can be minimised through careful part
design and the use of precision CNC machine tools, operated by
experienced engineers. However, by combining this with the
recycling of swarf, chips and offcuts, either using dedicated and
expensive on-site systems or the services of specialised suppliers,
manufacturers can follow two parallel routes to increased
efficiency.
Metal prices have been rising year on year and show no sign of
abating. The price of swarf has doubled then trebled in recent
years but new systems that use vacuum pumps to automatically
collect swarf from the machining process show a way forward.
Bigger companies can land themselves with tonnes of valuable

metal using this method and if they can conduct recycling
operations in-house, without incurring the added cost of sending
the material to an outside contractor for processing, companies
can give an even bigger boost to their revenue stream. For
example, Honda UK Manufacturing (HUM) is using the new
system to process the 1,000 tonnes of swarf waste produced
every year, as well as increasing income from recycling coolant.
And there are added benefits — as if any were needed — to be
gained from this process: removing swarf streamlines production,
which can minimise the likelihood of downtime.
To summarise the process, tangled swarf is shredded into chips
that are easier to process by the recycling machines. These are
then passed by conveyor to a centrifuge that removes moisture
to prevent clogging. The swarf is then passed over a multi-stage
set of magnetic rollers to remove any ferrous particles. Coolant,
water and oil are reclaimed throughout the process and recycled
where possible, while the final product is reduced to briquettes
in order to reduce its size.
While swarf recycling is a potentially powerful way to make
savings, there are manufacturing processes that can be adopted
to prevent the generation of scrap in the first place. Of these,
perhaps the most effective is the use of precision cold forming,
sometimes combined with CNC machining for final part finishing.
Cold forming can be used to process a wide range of metals,
including copper, brass and aluminium. Copper is perhaps the
most commonly used material and it is here that companies
currently machining high volumes of components from tellurium
copper (CuTe) rods or bars can derive the greatest benefits.
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<< LEFT | Figure 1: Cold forming can be used
to process a wide range of metals, including
copper, brass and aluminium. >>
<< RIGHT | Figure 2: Cold forming offers a
world of new opportunities for the
manufacture of precision parts. >>

<< LEFT | Figure 3: Machine
demonstrating cold forming. >>
<< FAR LEFT | Figure 4: With rising
raw material costs cold forming can
provide a valuable method of
protecting profit margins. >>

The metal is stretched beyond its yield strength, so that
it takes on and retains the exact shape of the mould,
without adversely affecting its tensile strength. Unlike
conventional machining, where the material removal
processes cut across the grain structure of each part,
cold forming allows the grain structure of the material to follow
the contours of the die or mould. As a result, the strength of the
part is maximised along its length, while internal surfaces take on
a highly polished finish.
CuTe is ideal for machining, but techniques such as milling,
grinding, turning and drilling all produce large volumes of waste.
At current market rates the scrap value is far lower than the initial
stock or raw material price. So for a circular, hollow shaped part
such as might be used in a power generation or distribution unit,
with a finished weight of 345 g, you would typically require a
solid section of rod weighing 1071 g, from which around 68% of
material is removed as waste. That’s over £3.50 of raw material
wasted. A value of maybe £2.50 can be recouped from recycling
but why not adopt a process that minimises the need for
recycling from the outset?

Because cold forming has proved increasingly popular, engineers
have advanced the process so that now even stainless steel can
be cold formed. With growing demands from industry, combined
with the need to reduce wastage rates and energy consumption
for both economic and environmental reasons, an increasing
number of manufacturers are adopting the more efficient and
cost-effective method of producing stainless steel components
via cold forming. This new development in cold forming looks set
to revolutionise the way stainless steel components are
manufactured in the future.

Here’s a typical example of how the cold forming process works.
A simple blank, sawn or cut from a round bar or wire, is placed
into the cold forming press, where die and a punch tooling is
used to extrude the metal under extreme pressure; this is
typically between 100 and 200 tonnes, but can be far greater in
some systems, up to 2,000 tonnes.

Precision cold forming is not necessarily the perfect solution in all
cases, but as an engineering process it deserves greater
consideration as part of manufacturers’ portfolios of production
options. More importantly, at a time of rising raw material costs
precision cold forming can provide a valuable method of
protecting profit margins.
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LASER MICRO MACHINING
with Ultrashort Pulse Lasers
for Medical Applications

<< Figure 2: SEM
picture of a scribed
polyimide foil. >>

words | Nathalie Jutkin, Mandy Gebhardt, Falk
Hähnel, Yves Rausch, 3D-Micromac AG
The production of micro and nano structures is a thematically
broad field of research and application. It has a huge potential for
innovation concerning high quality developments as well as their
technical implementation.
In this situation, the use of lasers becomes increasingly important
for different applications in medical technology, e.g. implants or
analysis and diagnostics products.
Laser technologies for the production of micro fluidic
sensors
Micro fluidic components serve the analysis, detection,
transmission and monitoring of fluids and gases. The fast
inspection of different substances, known or unknown viruses,
proteins or bacteria can only be achieved with a precise handling
of a large number of small, liquid samples. The necessary
structures have been produced with mechanical or
photolithographic methods so far.
Due to their high focusability, lasers are suited to ablate material
in an extraordinary precise and selective way. The use of

ultrashort pulse lasers makes the generation of smallest micro
structures (<15 μm) (channels and cavities), 3D objects and the
selective ablation of coatings possible. Compared to common
processing techniques, lasers offer the advantages of contactless
processing and high flexibility with regard to the design.
Laser cutting of polyimide foil
Polyimide foil is suitable for the production of integrated circuits
in combination with micro fluidic structures. The material can be
cut or otherwise machined very well with lasers. Frequencies
between 50 and 100 kHz at high pulse energies are used for the
machining. The application of a laser wave length of 355 nm
makes a focusing of the laser beam down to just few micrometers
possible. Another important point is the relatively good capability
of polymers to absorb this wave length in comparison to 532 nm
or 1064 nm. Scribing the foil first and separating it in a second
step proved to be a good strategy for processing. In this way,
normal PE, PET, polyimide foil and medically relevant, plastically
deformable cartilage or valve materials (PU foils) can be
machined. Figure 1 shows a cutting edge with neither burrs nor
melted areas.
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New AMETEK Taylor Hobson
Surtronic R-Series
<< Figure 4: Structured conducting path and a
cavity for the analysis of substances. >>

Generation of cavities
The production of micro cavity sensors requires a multistage
process and the use of different laser sources. First of all,
cavities are generated in the substrate (e.g. polymer or glass)
with an excimer laser. These cavities have different edge lengths
between 100 μm and 500 μm and depths from 50 μm to
250 μm. The surface of the cavities shows only a slight
roughness and is transparent for subsequent optical analyses. A
defined wall angle of 55° is created by using mask projection.
The wave lengths of the excimer laser are in the deep UV range.
This wave length is absorbed by the polymers mentioned
above as well as glass and ceramic materials, which makes good
processing possible.
Selective ablation of gold coating
After the coating of the plates to be analysed with titan and
gold, which were formerly structured with cavities, a selective
ablation of the gold and titan layers with a thickness between
2 nm and 450 nm follows. In doing so, conducting paths and
electrodes are produced. The substrate underneath is not to be
damaged at all. This selective layer ablation is only possible with
an ultrashort pulse laser and appropriate laser parameters.
The widths of the conducting paths can be chosen according to
the requirements of the customer. Conducting paths with
widths smaller than 10 μm were structured in the application.
Although the ablation threshold of gold and titan is much
higher than for polymers, it is possible to selectively ablate the
metal layers from the polymer without any damages.
The described analysis chip with its cavities, conducting paths
and electrodes can be used to analyse samples being existent in
watery solutions, especially for the determination of
electrical properties.

ROUNDNESS TESTER IS SUITABLE FOR
SHOP FLOOR AND INSPECTION ROOM
An affordable, high-throughput roundness measuring system robust
enough for the shop floor and accurate enough for the inspection
room has been introduced by AMETEK Taylor Hobson.
The new Surtronic R-Series Roundness and Form Testers use a
proprietary orientation mechanism that allows the operator to
easily position a part for measurement in as little as 20 seconds —
one third of the time required for traditional instruments.
Throughput is further enhanced by the fact that there is no need to
re-centre when measuring a series of similar parts by using the
patented centering attachment.
The instruments are designed for measuring high volume bearing
parts (including raceway, ball, needle and roller bearings) and for a
wide range of quality control applications in automotive, aerospace,
optics and process control of grinding, turning, milling and honing.
High throughput is achieved with no loss of precision or accuracy.
Full ISO compliant measurements can be taken with ±25 nm
accuracy and 6 nm gauge resolution. Results are displayed on the
robust touchscreen interface using the intuitive X-sight software
delivering ease of use with no operator training required.
Crafted of durable materials, the instruments are designed for
dependable 24/7 operation in demanding environments. Modular
construction allows easy on-site servicing. A full range of accessories
and standards is also available.
Taylor Hobson is a leading manufacturer of ultra-precision
measurement instruments for a wide range of markets including
optics, semiconductors, manufacturing and nano technology
research. It is a unit of AMETEK, Inc., a leading global manufacturer
of electronic instruments and electromechanical devices with annual
sales of more than $3 billion.
AMETEK Taylor Hobson
www.taylor-hobson.com
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Precise

OPTICAL POSITIONING
from PI

When using lasers in the manufacture or quality control of micro
parts precise spatial control of the beam in multiple axes is often
needed. If you are planning or designing a rig that will require
precise optical positioning and you are lacking either the
expertise or the time to specify the right mechanics and control,
PI Custom Motion Systems can help. As part of the PI GmbH
global group. Custom Motion Systems will work with you, from
concept through to delivery, taking full system responsibility and
using the most appropriate motion components available on the
market. Mechanics, including stages, drives, encoders, brackets
and frameworks and multiaxis control electronics will be selected
and configured by PI. It offers the combination of a flexible and
fast to respond approach with the backing of global company
now employing more than 700 people.
PI Custom Motion Systems is a new venture for the PI group set
up to work with companies based in the UK and Ireland. With
local R&D and manufacturing it can design, specify, manufacture
and test a complete multi axis positioning system in the UK. The
core knowledge and expertise of the PI group is in precise nano
positioning and micro positoning technologies based around
piezo, stepper and DC motor drives. Custom Motion Systems will
use in-house products and technologies as well as those from
external suppliers to ensure that the system delivered performs
to your requirement and is cost effective. The work is focused
entirely on precise positioning solutions, so you can be sure of
communicating with an expert when contacting the company.
Where complex and precise multi axis alignment is necessary
there is the option of integrating a PI Hexapod six axis robot and,
if necessary, combining it with additional axes or mechanical
hardware. The alternative, of specifying and delivering a stacked
system of linear rotary and tip tilt stages will always be
considered in light of the specification required and any
budget constraints.
The configuration of a multi axis positioning rig sometimes
requires that a different drive technology is deployed in
each axis. A selection from brushed and brushless DC,
stepper and linear motors of varying power output can
be needed. Where there is an environmental
consideration such as vacuum or magnetic field
susceptibility a piezo motor drive can be
appropriate. As well as having the flexibility to
deliver stages incorporating any one of these drive
technologies, Custom Motion Systems will provide a
modular multi-axis industrial control solution. The controller,
with modules designed to work with each motor type,
features linear and circular interpolation, electronic gearing,
an electronic cam function and high speed triggering.
Physik Instrumente (PI) GmbH
www.picumos.co.uk
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Recent Major Advances
IN 3D OPTICAL PROFILING OF MICRO SURFACES
words | Ian Holton, Managing Director,
Acutance Scientific Ltd

hined components these
The smart way to 3D map micro mac
Optical Profiler. Quite
days is, without question, to use a 3D
in speed of acquisition
e
aside from the phenomenal advantag
petent 3D Optical
com
(a
filers
over old-fashioned stylus-pro
3D map in about 30
full
a
ires
acqu
ally
typic
nce,
Profiler, for insta
run) there is a
each
for
seconds and is fast and easy to set up
ur mapping and
colo
true
as
such
host of other serious benefits,
from subes
rang
t
men
sure
mea
ht
heig
the ability to cover
done with
be
can
h
whic
nanometre to millimetres (neither of
les in situ.
samp
y
bulk
mely
interferometers) and to take extre
iate’ length
rmed
‘inte
this
in
gap
a
was
it
For many years, indeed,
y critical
lutel
abso
h is so
scale which was so neglected, yet whic
ical
Opt
3D
rt
he-a
-of-t
for micro machining, and which state
ntly.
pete
com
Profilers (figure 5) span so
of optical instrument.
This is the so-called ‘focal variation’ class
oscope which turns
micr
cal
opti
That is, in a nutshell, a form of
, into an advantage and
the depth of focus, formerly a limitation
sample at each and every
uses it to determine the height of the
re 1). This method and
(figu
ce
x,y position on the sample surfa
s itself to extraordinary
lend
cs
opti
pe
the simplicity of microsco

to integrate functionality
versatility. For instance, it is possible
ns of reflectometry. It
such as Thin Film Measurement by mea
rential
Diffe
arski
Nom
is also possible to integrate
scales much
on
s
hnes
roug
map
to
trast
Interference Con
it
ore, is possible to
smaller than 1 nm (figure 2). Furtherm
ical Profilers in
Opt
3D
e
integrate interferometry in som
further (figure 3).
even
n
lutio
reso
ht
order to push the heig
be automatically and
Images of adjacent areas of sample can
ther to 3D-map large
toge
sequentially acquired and stitched
lution. Additionally,
reso
high
mely
areas of sample with extre
system such that the
an AFM can also be integrated into the
be seamlessly
benefits of the 3D Optical Profiling can
is locatable within
tip
the
re
married to AFM profiling (whe
e. This explosion
mor
h
muc
so
And
).
View
of
the optical Field
Profiling tool
ical
Opt
of powerful functionalities in one 3D
rise (and
acte
char
to
ty
has truly revolutionised our abili
ces.
surfa
d
rapidly) micro machine
USA, has come up with
One company, Zeta Instruments Inc.,
tion instrument
varia
l
foca
a
les
an invention which enab
measure hitherto
to
s’)
focu
ite
‘infin
as
n
(sometimes know

Continued on page 34

32 | commercial micro manufacturing international Vol 6 No.1

CMM 6.1 progress_Layout 1 20/01/2014 10:50 Page 33

iations of
<< Figure 2: 3D Measurement of height-var
by means
ic
plast
ted
-blas
laser
on
nm
0.1
the order of
ce
feren
Inter
of Nomarski Quantitative Differential
ge
(Ima
ler.
Profi
cal
Contrast on a Zeta 20 3D Opti
>>
courtesy of Zeta Instruments Inc., USA.)

with
<< Figure 1: On the left a conventional microscope image
on (or
variati
focal
a
is
there
middle
the
In
view.
of
field
limited
the
‘infinite focus’) image in which all depths are in focus, with
right.
the
on
t
remen
measu
that
of
n
resulting 3D representatio
(Image courtesy of Zeta Instruments Inc., USA.) >>

Fluoride lens, complete
<< Figure 4: A micro machined Calcium
ped using the ZDot
map
is
s,
flaw
with machining cracks and
less the cracks and flaws
method. The point of interest here is
accurately and unambiguously
themselves than that this technique
ureless surfaces between
feat
and
3D-maps the highly-polished
Instruments Inc., USA.) >>
those cracks. (Image courtesy of Zeta

<< Figure 3: Left: 20 nm pit 3D-mapped in
false colour using a Shearing Interferometer
attachment to a 3D Optical Profiler. Right:
5 nm high stain on a wafer. (Images
courtesy of Zeta Instruments Inc., USA.) >>

vation, a fundamental flaw
impossible surfaces. Up until this inno
nt (despite its great
of the focal variation class of instrume
‘something to focus on’:
ires
advantages) had been that it requ
ired features on which
requ
on
inati
exam
r
that is, the surface unde
such ‘native contrast’, a focal
the optics could ‘autofocus’. Without
rmine the height of the
variation instrument was unable to dete
nce a surface which
insta
for
So
t.
surface at each and every poin
il and other areas without,
contained some areas with such deta
with such detail, or native
could be 3D mapped only for areas
age data for the areas that
garb
rn
contrast, but would merely retu
pointing an autofocus
like
h
muc
y
prett
is
had no such detail. It
and pressing the shutter: all
camera at a blank and featureless wall
era lens frenetically
cam
the
that happens, as we know, is that
ct features on which it
obje
find
to
vain
in
shoots in and out, trying
conventional type of focal
can focus. Only it was worse for the
the instrument must find
variation 3D Optical Profiler, because
l in the entire image —
pixe
y
ever
the focal height of each and
h to focus, many do not.
and whereas some have detail on whic
les which presented this
Typical examples of very common samp
ces, or fractured metal
surfa
hed
difficulty include optically polis
Zeta Instruments Inc. (for
surfaces. The method patented by the
ally generates local contrast
which they coin the term ‘ZDot’ ) actu
contrast exists. In this way,
le
on the surface where no native samp
hitherto impossible
sure
mea
ly
rate
it is trivially easy to accu
o machined Calcium
surfaces, such the CNC diamond micr

and metals which have areas
Fluoride lens in Figure 4, optical flats
smooth and polished surfaces
of high polish. The most featureless
are 3D mapped unambiguously.
examples of the utility of this
Perhaps one of the most impressive
measure the internal
feature is the ability of the ZDots to
sealed micro fluidics device.
a
of
ces
dimensions of different surfa
each of the transparent
The instrument is now able to measure
iating it from the others (see
surfaces by selecting it and different
nal dimensions of micro
inter
figure 6). Of course, given that the
ty to measure the
abili
that
ng,
seali
n
fluidics cells change upo
proving of critical interest to
internal dimensions of a sealed cell is
rs which develop micro
companies such as IntegenX and othe
measurement which is
a
of
ple
exam
fluidics devices. Another
ty to measure micro
enabled by the use of ZDots is the abili
on 3D maps of micro needle
needles (see for instance the paper
).
al
arrays by Prof. Y. Makino et
res of only a few nanometres
Once it is required to 3D map featu
to enhance the Z
used
height then a piezo stage can be
still map down to this
can
cs
opti
the
yet
translation capability:
is always required to
level with no problem. For instance it
PSS bumps (as in “Light
LED
accurately check the 3D profiles of
trate”), where arrays of
Subs
hire
Sapp
Emitting Diode Patterned
tly such a demanding
these bumps are manufactured on exac

33 | commercial micro manufacturing international Vol 6 No.1

CMM 6.1 progress_Layout 1 20/01/2014 10:50 Page 34

scale. Figure 7 shows a typical quality
semiconductor wafer.

check on such a

to be measured is
There are occasions when the surface
no light at all. There
st
inconsiderate enough to reflect almo
to be black, for
ired
requ
are
h
exist medical MEMS whic
osely designed not
purp
are
cells
solar
se
cour
instance, and of
0.5%) and yet
than
less
to reflect light (having a reflectivity of
quality and
for
scale
o
micr
the
on
which must be 3D profiled
one of the
pily,
Hap
.
oses
purp
ent
lopm
deve
for research and
s 3D
give
h
whic
)
figures of merit (the Numerical Aperture
ter
grea
with
ht
heig
sure
Optical Profilers ability to mea
n using the pitiful levels of
accuracy also enables easy acquisitio
critical concomitant of
reflection that there are (Figure 8). A
e is, however, the ability
rang
sensitivity for such large dynamic
res of extreme
featu
e
imag
to measure within the same
out either saturation
with
acts
cont
r
silve
the
as
reflection such
ctivity areas, and
refle
low
of the high reflectivity or loss of the
do this.
to
ty
abili
the
have
good 3D Optical Profilers

<< Figure 5: Structured micro fluidics MEMS.
(MEMS Image courtesy of IMTEK, Laboratory
for MEMS Applications, Freiburg, Germany. 3D
Optical Profiler image courtesy of Zeta
Instruments Inc., USA.) >>

ing and Metrology
In summary, 3D Optical Profiling, Imag
mutually exclusive in an
been
far
functionalities, which have so
instrument, and
one
in
d
bine
com
be
instrument can now
ment of hitherto
recent innovations enable the measure
difficult or impossible surfaces.
References:
Y.Makino, T.Kurita,
"3D image analysis of microneedles"
K.Toyohara and
oto,
mam
H.Ha
M.Ishibashi, K.Kobayashi,
Japan, MEDRX Co.,
y,
ersit
Univ
i
Bunr
a
ushim
M.Kiyoki of Tok
Presented at
Ltd, Japan and TEIJIN Limited, Japan.
in Cork, Ireland.
held
Microneedles 2012 Conference,

<< Figure 8: Example of wide
dynamic range — a highreflectivity metal contact on Silicon
Nitrride, which has reflectivity of
less than 0.5%. There are now
systems which can handle a very
large dynamic range of reflectivity
within one image without either
saturation or loss of low intensity
data. (Image courtesy of Zeta
Instruments Inc., USA.) >>
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instance, to account for distortions upon sealing
has not been possible until the advent of Zeta’s
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courtesy of Zeta Instruments Inc., USA.) >>

<< Figure 7: An example of enhancement of stage
height-resolution by means of piezo-drives, in this
case for measurement of LED PSS bumps of less
than 2 nm in height. (Image courtesy of Zeta
Instruments Inc., USA.) >>
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SolMateS Sells First PZT Deposition Machine
PiezoFlare 1200 to SINTEF
order comes with a close collaboration between SolMateS and
SINTEF to optimise our machine and process in their
development line for multiple new MEMS applications,”
commented Arjen Janssens. “The combination of our innovative
tool and their expertise in PiezoMEMS development gives rise to
a state-of-the-art PiezoMEMS centre in Europe”.

SolMateS has received an order from SINTEF (Oslo, Norway) for
its PiezoFlare 1200 Pulsed Laser Deposition (PLD) system. The
system is scheduled for delivery in January 2013 and will be used
for deposition of Piezoelectric materials (PZT) for development
and pre-production of next-generation MEMS applications.
“We are very pleased with SINTEF as launching customer, this

The PiezoFlare 1200 is a revolutionary manufacturing technology
to produce chips with precise actuation functionality for various
new applications like, inkjet printheads, pico projectors, RF
MEMS and various sensing applications. The PiezoFlare 1200 is an
automated deposition system for PZT thin films on 6" or 8"
wafers, based on pulsed laser deposition. The technology uses a
laser to create a plasma of the to be deposited material, this has
several significant advantages for the deposition of new
generation materials. The fully automated tool offers high-yield
piezo performance and flexibility for customised PZT
compositions and can be used for other More than Moore
materials.
SolMateS
www.solmates.nl, www.sintef.no
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ompugraphics International Ltd, Glenrothes, Scotland, is
the oldest merchant maskshop in Europe and has been
producing photomasks for over 40 years. During this
time it has acquired a wealth of technical experience in how to
advise its customers on the best type of photomask to suit their
needs.

C

In the following article Gordon Hughes, CAD Systems
Development Manager, provides an outline for manufacturers
and researchers on how to specify a photomask.
A small number of IDMs and foundries that order hundreds and
even thousands of photomasks every year understand the
criteria used to select the right photomask. However, there are
thousands of other mask users who may only order a few
photomasks a year and don’t have the time or resource to
figure it all out. This article is aimed at them.
They will want to order a photomask that is not over specified
and thus unnecessarily expensive. Most are using 1x projection
lithography systems. Once they are ready to order their
photomasks they should consider the substrate choice options.
The article examines the pros and cons of these options, setting
out the technical differences between them. Then the question
arises of how tightly the dimensions on the photomask need to
be controlled. The article will give guidance on what sort of CD
control is easy, medium and hard, with an explanation of why
tight CD control is inevitably more expensive. The article will
cover the same ground for overlay control and defectivity.
Furthermore, there is the question of who to order this
photomask from. There are many benefits in going to dedicated
photomask producers and this article will explain why. As the
larger photomask manufacturers are already geared up to
provide masks to a specified standard and quality, it need not
be a more expensive option.
A photomask represents a complex piece of engineering, the
result of a manufacturing process with many process steps and
options. As a result, when a customer orders their first
photomask, they are presented with a very large number of
questions often using terminology with which the user will not
be familiar. This article will attempt to demystify the process.
There are three significant components which make up the
complete photomask order.
The first of these is a file that defines the geometrical data which
is to be exposed on the photomask. In MEMS the formats Calma
GDSII Stream and AutoCAD seem the most popular. If you are
not using one of the mainstream formats, an important aspect to
bear in mind is the need to define geometry which defines
areas, rather than constructs such as Line and Arc which
produce nice pictures, but are not always easy to convert to
exposed regions of a photomask.
The second component is a technical description of your
requirements. A description of the information required is the
main part of this article.
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The final aspect of a photomask order is the commercial aspect of
it. A typical flow for smaller customers is to provide either sample
or actual geometrical data to allow a quotation to be generated,
which is then followed up with a purchase order.
Technical Description
Within the technical requirements, there are a number of
different categories of information required. In summary,
these are:
• The physical materials required — size and type of glass
• The size and acceptable tolerances of the minimum features
• Any requirements for registration and overlay
• The inspection criteria for acceptable defectivity levels
The information provided in these categories will dictate which of
a range of photomask writing and inspection tools will be used,
and dictate the cost. As a general rule, the larger the size of glass,
the smaller the features, the tighter the tolerances and the more
critical the defect levels, the more advanced tools must be used
and the greater the cost.
The most common sizes of glass are 4’, 5’, 6’ 7’, 9’ and 14’ square
photomasks designed for use with 3’, 4’, 5’, 6’, 8’ and 12’ wafer
sizes. As the size gets larger the thickness also tends to get larger,
ranging from 0.06’ to 0.25’. For historical reasons, photomask sizes
are normally specified in inches, even though the features on them
are normally expressed in microns/nanometres.
The size required is dictated by the capabilities of the equipment
that the photomask will be used on. Most photomasks ordered by
smaller customers are for 1X contact or alignment systems, so the
photomask needs to be slightly larger than the wafer size to allow
for handling and titling. Such photomasks are often described as
master photomasks, and can either be used directly or can be
used to make contact print copy photomasks. The alternative is to
manufacture photomasks called Reticles when stepper or scanner
technology is used, where each reticle will typically be 5’ or 6’ in
size and the features will be 2X, 2.5X, 4X, 5X, 10X the size required
on the final silicon wafer. The requirements may also include the
need for one or two pellicles to be attached. A pellicle protects
the surface of the photomask and also moves any particles on the
pellicle surface out of the focal plane of the system using the
photomask.
The minimum feature size that appears on the photomask will
dictate which exposure system needs to be used to write it. Most
writing systems have a number of different writing modes, and the
mode determines the minimum feature size which can be
exposed, as well as the typical tolerance which can be achieved.
Commercial manufacturers are making hundreds of photomasks
per week and maintaining SPC data about the key aspects of their
process equipment so they will have a good understanding of
their process capabilities. Where machines are being used as part
of a research environment, or are cheaper photoplotters rather
than the laser/ebeam based writing systems used in merchant
photomask manufacturers, there is likely to be more process
variation between photomasks.
Photomasks can also be checked for the positional accuracy of
feature placement within the photomask, either by comparing the
overlay of the photomask with another photomask or by
comparing points measured from the photomask to a standard

grid. It is also important to note the difference in thermal
expansion coefficient between quartz and soda lime glass, with
quartz glass being an order of magnitude better. For soda lime, a
10ºC change in temperature results in a 1 μm expansion over a 4’
distance. If soda lime glass is being used, it is useful to advise the
photomask manufacturer of the temperature at which the
photomask will be used, as this can be compensated for as the
photomask is written. If the temperature is likely to vary while the
mask is in use, or if the mask is being used with a deeper UV
wavelength (i-line or lower) then quartz material should always be
used.
There is no such thing as a defect-free photomask. The question is:
at what level of detail do you want to inspect the mask? At some,
possibly sub-micron level, there will always be some defects
caused by imperfections in the photomask blank, the coating or
the development and etching process. In the case of reticles or 1X
photomasks with no repeating patterns, a typical defect
specification would be ‘zero defects greater than x microns’. In the
case of advanced photomasks ‘x’ might be hundreds of
nanometres, and for semiconductor photomasks ‘x’ will usually be
1 micron or less. If there are repeating patterns, then the mask
defectivity is usually expressed as being a maximum acceptable
level of ‘y’ defects per square ‘unit’ at ‘z’ microns, where ‘y’ is the
number of allowable defects, ‘z’ is a defect size in microns, and
‘unit’ is typically ‘cm’ or ‘inch’ (e.g. 1 defect per square inch at
1 micron).
In some cases it is also desirable to use both a defect density
specification and a maximum allowable defect size, e.g. 1 defect
per square inch at 1 micron and 0 defects >5 μm. Any defects
detected outside of this specification can either be repaired or
the photomask rejected and rewritten. If there is a repeated
pattern, and the mask is only being used for development or
research purposed, the existence of small numbers of defects may
be non-critical. If this is the case the customer can request no
defect inspection, and thus save the cost associated with a
significant process step. Again, ordering photomasks with no
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Manager,
Compugraphics
International. >>

inspection is most practical when you are using a major
photomask manufacturer where the SPC can show that all of their
masks are being manufactured to very low levels of defectivity.

Once all of the technical information has been assembled, there
are a number of methods for passing it on for manufacture. For
many smaller customers, the instruction to apply the photomask
manufacturer’s standards may be sufficient (although some items
such as mask titles, tone required and a minimum feature size are
always required). Larger manufacturers offer online ordering
systems which can capture the data required in a user friendly
manner.
Getting the photomasks you desire is never a trivial task, but some
consideration to the requirements and qualification options
required can pay dividends in achieving cheaper and reliable
photomasks.
www.compugraphics-photomasks.com

Manager at the
Gordon Hughes is the CAD Systems
es site. He
roth
Compugraphics International, Glen
from
nce
Scie
r
pute
Com
graduated with a BSc in
he
on,
uati
grad
wing
Follo
y.
ersit
Edinburgh Univ
eloping
dev
y
ersit
continued to work for Edinburgh Univ
part of
as
used
e
wer
that
s
tool
and supporting their CAD
c
Logi
ice
Latt
ed
join
then
an MSc course. He
ctures, where he
(subsequently) European Silicon Stru
the processing of
for
ware
developed the Shapesmith soft
CAD and
the
for
ble
onsi
resp
n
mask data. He has bee
ics for over
raph
pug
Com
in
with
ems
syst
g
Data Processin
of the data
ion
mat
auto
20 years, pursuing his interest in
order forms
from
ents
irem
requ
r
processing and custome
and specifications.

EXPLORE

THE

It can also be very useful to advise the photomask manufacturer
what type of technology the mask will be used for. Examples are
optical wave guide masks where high resolution when writing the
mask is important in achieving smooth curved features; or surface
acoustic wave devices where any breaks or bridges in the fingers
can cause fatal device errors. Larger mask manufacturers will
already be familiar with many similar issues, based on the
extensive experience of their workforce.
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The Benefits of Vapor Phase Release Etch

for MEMS Manufacturing

WHERE DOES MEMSSTAR COME IN IN THE
MEMS MANUFACTURING SPACE?
memsstar is a key original equipment manufacturer (OEM),
supplying etch and deposition equipment to the MEMS
manufacturing industry. Beyond equipment, we deliver advanced
process capability to enable MEMS designers to create MEMS
structures without limitations. Due to poor process capability in
the past, MEMS designers have had to adapt and modify their
designs to accommodate these process inadequacies. Ultimately,
this results in the MEMS structure being compromised in some
way. As a global systems and technology supplier, our mission is
to facilitate the successful transition to integrated dry processing,
as well as from R&D to high volume manufacturing.
As an expert in MEMS etch and surface coatings, memsstar
offers the expertise, experience and know-how to deliver a full
range of equipment that provides a true path from R&D to
production. Our MEMS offering combines a blend of nextgeneration proprietary release etch and coatings technologies
and proprietary as well as repurposed semiconductor
equipment. This range of offerings ensures we can offer a full
suite of etch and deposition solutions to enable MEMS
development and production ready manufacturing.
PLEASE DESCRIBE MEMSSTAR'S ETCH
TECHNOLOGY. WHY IS IT UNIQUE?
memsstar’s etch technology takes its lead from proven
semiconductor etch equipment and processes. Utilising the same
principles, memsstar offers processing capability that is unrivalled
in today’s MEMS equipment market. memsstar’s dry release etch
process offers the strongest approach to effectively release a
MEMS structure from the sacrificial layer used in manufacturing,
while eliminating the problems associated with alternative
approaches — including incompatible and poorly controlled wet
chemistries, poor control and monitoring of stagnant gas systems,
and multiplicity of unit process steps.
The use of dry anhydrous HF (Hydrogen Fluoride) and XeF2
(Xenon DiFluoride) in memsstar’s etching process is unique
because of their ability to eliminate stiction in a single process.
memsstar’s patented processes are compatible with the widest
range of metals — especially Al/alloy and other metals commonly
used in MEMS mirrors and electrical contacts.
HOW DOES MEMSSTAR’S TECHNOLOGY
BENEFIT MEMS MANUFACTURING?
memsstar processes are stable with excellent repeatability. Our
endpoint capability differentiates us from the competition, as we
can ensure that all wafers have received the same etch process
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across a wide process window. Our unique process controls and
monitoring capability deliver tunable etch rates, uniformity and
selectivity coupled with endpoint capability and thermal control
of the wafer during the sacrificial release etch process. These
capabilities ultimately result in high yielding repeatable
processing which helps to drive down manufacturing costs.
WHAT ARE THE CHARACTERISTICS AND
BENEFITS OF INTEGRATED DRY PROCESSING?
As MEMS devices increase in performance and sensitivity, the
sizes of the MEMS devices will shrink. This shrink is unrelated to
the Moore’s Law shrink seen in the semiconductor industry, but is
necessary for device performance. As features shrink in
dimension, the phenomenon known as ‘stiction,’ (the
phenomenon of two surfaces being adhered together due to
electrostatic and/or Van der Waals and hydrogen bonding
forces) becomes more prevalent during the etch process.
memsstar’s dry etch processes eliminate this phenomenon.
After release etch, another method to prevent ‘in-use’ stiction
is to utilise an anti-stiction coating. This anti-stiction coating is
essentially a hydrophobic self assembled monolayer (SAM). With
memsstar’s integrated processing, the MEMS structure can be
released and then protected with a SAM coating prior to the
device being exposed to the atmosphere and moisture. This
provides the maximum protection from moisture-induced
stiction.
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<< Figures 3 and 4:
memsstar’s dry release
etching with vapor HF
and XeF2 chemistries. >>

<< Figure 2: memsstar’s Multi Platform: Single Cassette Cluster Tool. Automated
handling and process integration for volume MEMS production. >>
HOW DOES MEMSSTAR’S TECHNOLOGY HELP TO
ELIMINATE THE PROBLEMS ASSOCIATED WITH
ALTERNATIVE APPROACHES?
A release etch process is required when creating a MEMS micro
structure in order to remove the structural material, leaving the
mechanical structure with clean and free surfaces. It is essential
that removal of the sacrificial material does not damage or
restrict the operation of the MEMS device. To ensure full
performance and reliability, the remaining mechanical structure
needs to be free from residues, particles and damage, and
prepared for the application of an anti-stiction coating or
packaging process steps.
As the memsstar process is a dry process, it has superior
performance over other approaches with regard to stiction. Also,
as a dry process, it is compatible with a range of other materials
that are not compatible with alternative approaches. This
extended compatibility allows designers to adopt new materials
to further enhance and improve the performance of their MEMS
structure.
WHAT SIGNIFICANT PROCESSES HAS MEMSSTAR
DEVELOPED SPECIFICALLY FOR MEMS
MANUFACTURING, AND WHAT ARE THEIR MAIN
CAPABILITIES AND/OR BENEFITS?
The two most common sacrificial materials used for release
applications in surface micro machined MEMS are silicon and

silicon dioxide. Our processes focus on performance, providing
industry-leading etch rates and industry-leading selectivities to
these materials.
To compliment our etch processes, memsstar has also
developed a deposition system for the deposition of a selfassembled monolayer (SAM). SAM coatings, as they are
commonly known, are used to change surface energy and alter
the surface to be either hydrophobic or hydrophyllic for
standard MEMS applications. For bio-MEMS applications, this
SAM coating can be a bio-compatible coating.
HOW DOES MEMSSTAR TECHNOLOGY
ENSURE EQUIPMENT SUPPLIERS A SEAMLESS
PROCESS TRANSFER FROM R&D TO
MANUFACTURING?
With MEMS manufacturers developing increasingly functional
and complex devices, they stand to benefit significantly from
process tools that can provide solutions for commercial MEMS
R&D through to volume manufacturing utilising the same process
technology and hardware. This ability to achieve a seamless
process transfer from R&D to production represents a challenge
frequently overlooked in the MEMS market.
In the past, R&D has been done on equipment that did not
allow for scalability to wafer size and to manufacturing. Utilising
the same process technology on all our equipment offerings
ensures process scalability from R&D to production.
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Micro Fluidic

Manufacturing Base in the UK
words | Henne van Heeren, enblingMNT

General scene
Currently the hottest area in micro systems is micro fluidics.
Worldwide a large number of scientists and companies are
working hard to create new devices for not only diagnostics
purposes and other medical applications, but also to fulfil a wide
range of analytical testing and (nano) processing needs. European
companies in general tend to aim at niche (but commercially still
very attractive) segments. However, the UK is an exception, as a
number of UK micro fluidic companies aim at high-volume
applications like point-of-care or high throughput sequencing.
This might be because the UK has two leading universities in the
fields of bionano/micro fluidics, namely Imperial College London
and Cambridge University. Imperial College has spun a number
of micro fluidic companies like: DNAE, Microsaic, Molecular
Vision, Deltadot; and the companies originating from Cambridge
University include Cambridge Biomagnetics and Sphere Fluidics.
Additionally, the UK also boats a good climate for risk investment
and a long history in micro fluidics.

Inkjet deposition
Inkjet-based professional printing is one of the UK’s industrial
strengths. There are several companies operating in this area, of
which XAAR is the best known. Choosing piezo printing instead
of the more popular thermal inkjet printing drove these
companies out of the consumer and into professional markets.
Now inkjet is entering its second life and is becoming an
increasingly popular tool for the deposition of biomaterials and
materials for high volume electronics. Piezoelectric inkjet print is
the technology of choice for deposition of temperature-sensitive
bio materials for sensors, but also for the fastest growing segment
of the electronic circuit industry, namely flexible circuits, for
instance for LEDs, touchscreens and RF antennas. Thermal inkjet
technology is not suitable for those applications.
UK micro fluidic manufacturing base
Before addressing the manufacturing supply chain, it should be
noted that there is not one micro fluidic manufacturing
technology. There is in fact a wide range of them, depending
mainly on the material used and the application focus (see Table
1).
Below we give two examples of companies operating in the micro
fluidic supply chain, one mainly working with glass, the other with
polymers. As integration and interconnection is a key issue in
micro fluidics, we will specifically address their approaches
towards micro fluidic interconnections.

<< Figure 1: Cross section clamped interconnect for
micro fluidic device. (Courtesy of Dolomite) >>

Dolomite
However well designed, the immatureness of the micro fluidic
technologies and the many unknowns lead to much
experimenting and redesigning. Dolomite facilitates this process
by offering a wide range of off-the-shelf micro fluidic glass chips
to help customers evaluate micro fluidic concepts quickly and
easily. Those chips are made by lithographic processing followed
by wet chemical etching and/or sandblasting. The advantages of
glass micro fluidic chips lay in the areas of reusability, chemical
compatibility, optical transparency and thermal characteristics.
That makes them especially suitable for high performance test
and processing devices. Also, integration with electrodes is easier
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<< Figure 2: Clamped connector with micro fluidic chip. (Courtesy of Epigem) >>

Polymer

Glass

Metal

Corrosion

Organic solvents

Base

Acids, halogens

Heat conductivity

Low

Medium

High

Mechanical strength

Low

Medium

High

Transparency

Medium

High

None

Integration with electrodes

Complex to do, but upcoming

Easy and well known

No

Main application

Disposables for diagnostics

Higher end diagnostics, analytical,
(chemical) processing

Analytical, (chemical)
processing

Wide range of planar technologies:
Wide range of technologies for 3D
chemical etching, powder blasting,
Manufacturing technology structuring: injection moulding,
thin film deposition; 3D structuring
imprinting, multilayers etc.
by wafer bonding
<< Table 1: Materials used in micro fluidics. >>
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<< Figure 3: Connection of micro fluidic chip with
the micro gasket concept. (Courtesy of Epigem) >>

than with polymers. Connection in micro fluidics is in general a
large problem in terms of reliability, ease of use and reduction of
dead volumes. Therefore Dolomite offers a wide range of micro
fluidic connectors based on an optimised standard concept.
Those connectors provide a reliable micro fluidic connection even
for higher temperatures and pressure applications. Dolomite’s
approach is clamping the connector in such a way that the tube is
as close to the hole in the chip as possible (see figure 1 and 2).
Interestingly, Dolomite is not only investigating applications in the
analytical and diagnostic area, it is also working on devices for
chemical processing, nano particle manufacturing and
emulsification.
Epigem
One of the main players worldwide in polymer micro fluidic chips
is Epigem. Especially its so-called micro gasket concept is very
popular in the area of analytical R&D. The reason is, as with the
Dolomite connectors, the ease of use and the option of
reusability. These elements are designed to facilitate the
production of micro fluidic subsystems by bonding a component,
such as a sensor, to the surface of a chip, providing a temporary
seal (see figure 3). This way it becomes possible to make reliable
and easy-to-assess hybrid devices, for instance devices to study
cell behaviour in semi-real life conditions, imitating blood vessels.
Such micro fluidic elements are designed to facilitate
interconnection of components by making a (temporary)
compression seal around the edge of the fluid channel. Such
devices can be quickly and easily opened and closed as required

for cleaning/re-loading and the like. They also work well for
sealing a component, such as a silicon sensor die, to one side of a
cell. Often micro fluidic devices need electrodes to act as sensors
or miniature heaters for example. They can provide micro fluidic
devices with this functionality by using an embedded
construction for the circuit board layers, allowing the metal tracks
to be many microns thick, yet still having a planar surface.
Other micro fluidic activities in the UK
Having strong academic groups, ambitious OEMs, a
manufacturing supply chain and availability of risk capital is not
enough to create strong industrial climate. There is also a need
for standards, qualification experts, trainings and consortiums. In
the area of standards and qualification there is the National
Physical Laboratory (NPL). Training sessions are being organised
by Andrew Richardson from Lancaster University / enablingMNT.
Also, CfBI from Cambridge initiated the highly successful
Microfluidic Consortium. To keep track of latest trends in micro
fluidics, to exchange information and explore new options for
cooperation, the Microfluidic Consortium
(http://www.cfbi.com/index_files/microfluidics.htm) brings
together stakeholders in micro fluidics from across Europe and
the USA to learn about the state of the art, recent applications,
market dynamics as well as to collaborate on key issues which are
constraining growth and scale-up.
In conclusion it can be said that the UK is one of the hottest
places when it comes to micro fluidics and we will certainly hear
about “Made in the UK” micro fluidics in the future.
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The GIANT
has awakened
DUC PHAM | SCHOOL OF MECHANICAL ENGINEERING,
THE UNIVERSITY OF BIRMINGHAM

first visited Wuhan, the capital of Central China’s Hubei
Province, in 1986. My visit — which was also my first to China
— was sponsored by The British Council and I was a guest of
Huazhong University of Science and Technology (HUST), one of
the key universities in China. In January this year, nearly 27 years
later, I returned to Wuhan. This time, I was invited by Wuhan
University of Technology (WHUT), another great University in
the city. The differences that I saw between the two visits could
not be more marked.
On my first visit, I flew into Wuhan from Beijing on a
propeller-driven plane. There were hardly any activities at the
small sleepy airport. My hosts greeted me at the airport, their
University’s official limousine parked almost next to the plane. I
had the use of that chauffeur-driven car throughout my stay in
Wuhan. The only other means of local transport I could have
been offered was a bicycle, a thought which my incredibly
hospitable hosts categorically refused to entertain.
This time, the aircraft was powered by jet engines. The brand
new airport was large and bustling and there was no possibility of
the official car being parked next to the plane. However, it was
outside the airport that I saw the major changes that had
happened in Wuhan between my two visits.
It took some 50 minutes to reach my hotel from the airport.
Modern and wide highways full of cars had replaced narrow roads
and dirt tracks populated with millions of bicycles and the
occasional ox-drawn carts. Skyscrapers had sprung up
everywhere. There were signs of new construction throughout the
city which, in all respects, looked incomparably more prosperous
than the Wuhan I had seen 27 years before. However, part of the
price of this rapidly acquired wealth was pollution — a
threatening fog of dust and smoke dominated the atmosphere in
stark contrast to the fresh air of the semi-rural Wuhan I had once
visited.
Talking to my hosts and touring WHUT facilities, I gained
further insight into the changes to living and working conditions in
Wuhan. Whereas 27 years ago, most people would be happy
staying in basic state-provided accommodation and riding
bicycles to work and most would consider a colour TV a luxury
item, nowadays, many have bought air-conditioned apartments,
cars, computers, iPhones, iPods and other modern gadgets.
In 1986, HUST had many staff, but only a handful of
Professorial rank, and relatively few students. The Head of the
Mechanical Engineering Department did not have his own office.

I

Laboratory equipment was mostly old and basic. WHUT now has
nearly 2,000 Professors and Associate Professors and some 70,000
students including those enrolled on online programmes. My host
and long-time friend, Professor Zhou Zude (admittedly a former
President of WHUT), had two large and smartly-appointed
offices. There was no shortage of new and advanced equipment
in his research centres.
Another change that I noticed was the level of English of the
staff and students. In 1986, all my lectures had to be interpreted
and there were almost no questions or comments from the
audience. This time, there was no need for interpretation and
quite a few interesting questions were asked at the end of my
presentation.
However, some things remained the same as they had been
many years ago. What had not changed were the hospitality,
generosity and politeness of my hosts. I was again driven door-todoor everywhere I went. There was a lavish multicourse dinner
every night during my visit, including a banquet given by
President Zhang Qingjie of WHUT and a dinner with two of the
hosts of my first visit, Academician Professor Yang Shuzi and
Academician Professor Xiong Youlun. And, as usual, there were
many rounds of toasting at each event.
What had not changed was the excellence of the people that I
met and the research that I saw. Of particular note were the
farsightedness of the leaders — President Zhang shared with me
his 50-year vision for the development of WHUT, the dedication
of researchers — Professor Yang, in his eighties, still writes books,
their adaptability — Professor Xiong, a mechanical engineer in his
seventies, is working on the Internet of Things, and their laser-like
focus — Professor Zhou has a large research centre devoted
entirely to the development and application of fibre Bragg
gratings.
Seeing Wuhan again and appreciating the qualities of the
people I met there, I am not surprised about the miraculous
development of China between my two visits. The momentum is
set to continue with growth nearing 8% in 2012 when other
economies in the world were shrinking. I am not surprised why
the country has been predicted soon to become the world’s top
economic superpower. Clearly, after many years of being asleep,
Napoleon’s giant has awakened. Let the world tremble.
www.birmingham.ac.uk/schools/mechanicalengineering/index.aspx
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Collective Offers Fresh Approach
TO MICRO MANUFACTURING
growing demand from customers for
lightweight, miniaturised products has
led a unique manufacturing collective to
invest heavily in developing its micro machining
capability.
The Midlands Assembly Network (MAN),
which includes Advanced Chemical Etching
(A.C.E.), Alucast, Barkley Plastics, Brandauer, FW
Cables, Mec Com, PP Electrical, SMT
Developments and Westley Engineering, has
completed a flurry of orders recently for clients
looking to reduce the size of components.
The power generation, semiconductor and
medical sectors appear to be the dominant
markets specifying smaller dimensions and more
exacting tolerances, with the OEMs in
automotive and primes in aerospace also
making noises that this is the direction they are
moving in.
“Micro manufacturing has the potential to
be a massive area for MAN,” explained Rowan
Crozier, Sales and Marketing Director at
precision presswork firm Brandauer.
“Each company offers a different
engineering solution, ranging from electrical

A

control systems and tooling to PCB assembly,
wire harnesses, specialist fabrication and
injection moulding.”
He continued: “The beauty of the network
is that customers can tap into the capabilities of
one, two, three or all of our members to meet
their manufacturing requirements.”
One such example was a recent order to
produce a miniaturised surface mounted
contact in copper for a customer in the semiconductor sector.
Advanced Chemical Etching completed the
prototype work to ensure the feasibility of the
part and, once that was sampled, tested and
approved, Brandauer undertook the volume
production.
This involved embracing new technologies
to develop progression press tool components
that could meet the exacting tolerances
required, an activity that could eventually lead
to the installation of micro wire EDM and micro
machining capabilities within the next two years.
“By using MAN, the customer was able to
keep pre-production and volume work with one
source, ensuring quality and security of supply,”

continued Alan Rollason, Chairman of A.C.E.
“We were also able to add value, through
design for manufacture (DFM), at the
prototyping stage and, importantly, take some
costs out of the process.”
Investment has been a major part of the
MAN approach, with Brandauer spending
£750,000 on two high-speed Bruderer presses
and A.C.E. channelling £1m into increasing
capacity and the development of a new ‘world
first’ etching process with micro capability.
Barkley Plastics has also just installed its first
micro moulding facility, which allows the
company to mould components with an
unparalleled accuracy up to a weight of 1.2 g
with a 5 tonne clamp pressure.
The machine with full servo drives has a
built-in cleanroom and Hepa filter and is
capable of moulding products from watch gears
to micro medical components.
“We exhibited at MM Live last September
and the response to our offer was fantastic, with
lots of new leads generated that we’re currently
working on,” explained Matt Powell, Sales and
Marketing Director at Barkley.
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OPTEK SYSTEMS GLOBAL LASER MICRO MACHINING BUSINESS

Goes from Strength to Strength
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“In order to make the most of these
opportunities, we’ve just launched a new
website www.man-group.co.uk and
appointed a dedicated business
development manager to work through
the pipeline of enquiries.”
www.man-group.co.uk
www.brandauer.co.uk
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www.ace-uk.net
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I-TAC MNT
World-Leading Business Incubator
Award-winning business incubator I-TAC (Innovations Technology
Access Centre) offers industry-unique access to leading research
facilities, business support and specialist expertise at an affordable
price across two national science and innovation campuses. As
part of the technology suite at the Science and Technology
Facilities Council’s (STFC) Harwell Oxford campus I-TAC MNT
(micro and nano technology centre) provides design and
manufacture at prototyping level and general test, process and
class I biological laboratories. The centre offers flexible access to
cleanroom facilities, as well as I-TAC office and hot-desk space,
access to state-of-the-art specialist equipment and STFC’s worldleading science capabilities.
I-TAC is a new approach to driving UK competitiveness in global
science and innovation, providing a unique environment for
innovation and business growth with many opportunities for
knowledge sharing, collaboration and networking. The business
incubator is expert in developing new MNT processes and novel
processing equipment. It is the perfect environment to develop
commercial and academic R&D and low volume production of
MNT devices and products. I-TAC MNT facilities enable micro
electronic and MEMS design and analysis, while STFC’s high
performance computing resources offer significant simulation and
modelling capabilities. A dedicated business support team is also
on hand to assist in business development and project
management.

Around 150 different organisations are already based at Harwell
Oxford, including the UK’s national synchrotron facility, the
Diamond Light Source, the European Space Agency (ESA) and the
Central Laser Facility (CLF). The incubator attracts a lot of interest
including Government Ministers and international trade
organisations, it also boasts strategic partnerships with the British
Chamber of Commerce’s Link to China programme and
organisations such as UK Trade and Investment (UKTI),
Technology Strategy Board (TSB), ESA and universities.
I-TAC MNT Facilities Manager Ian Clarke said of the centre:
“ITAC is unique in the UK and one of very few facilities in Europe
in that it offers ‘open access’ to MNT facilities and provides
product, process and business support to customers. This is
supported and enhanced by our tenant companies who provide
processing and technical services in areas such as wafer bonding,
electron beam lithography and process development. As a UK
government funded initiative we are very pleased to be able to
contribute to the success and growth of commercial companies
and academic R&D.”

I-TAC MNT boasts an extensive range of capabilities, including:
lithography, deposition, etching, chemical mechanical polishing,
wafer cleaning, metrology and test, dicing/die attach, wafer
bonding, screen and stencil printing, indium evaporation and
bump bonding, elecrospinning of nano fibres, electroplating
centre, powder blasting for MNT/ micro electronic devices.
Access to high-density wire bonding and bump bonding, and a
suite of metrology tools and cleanrooms for assembly.
I-TAC has a strong track record of supporting the growth of hightech small and medium sized businesses, and has produced many
spin-out companies including Oxsensis, Microvisk and The
Electrospinning Company. Available business support, such as
providing access to funding and Intellectual Property (IP) or
technology transfer expertise, encourages tenants to push their
technologies from concept through to commercial success.
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UK Precision Micro Engineering
Alive and Well and Exporting
A small but growing business in North Wales, UK, has seen
exports jump to over 90% of its revenues in the past 12 months.
UPS2 (Ultra-Precision Structured Surfaces) specialises in micro
structured large sized patterned moulds. These are typically
curved rolls/cylinders for high volume reel to reel fabrication or
flat disks for injection moulding.
“Whilst many companies can make micro patterns, not many
of them have the technology to scale this up to produce large size
moulds — up to 2 m long and 0.5 m wide — and maintain the
pattern fidelity with nanometre finish on micron scale structures,”
said John Oliver, Marketing Director. “This has enabled us to reach
a global market and gain customers in the USA, mainland Europe,
and the Far East.”
UPS2’s customers are using these moulds to imprint new and
unique patterns onto plastic or paper in a number of varied
markets. These have included healthcare (antibacterial and micro
fluidics), display screens (light diffusion and 3D imaging), solar
(Fresnel lenses to focus light), lighting (to diffuse a sharp beam of
LED light to be softer and more evenly spread out) and
instrumentation micro lenses. Almost any shapes are possible
including squares, pyramids, hexagons, grooves, channels, micro
lenslets (with varying aspect ratios) and even diffraction gratings.
A good example of the growing global market are solar
manufacturers seeking to improve the efficiencies of concentrator
photovoltaic (CPV) modules. The highly accurate diamond
turning machine has recently been optimised to improve the
performance for Fresnel lens cutting and is capable of

manufacturing the largest linear and most accurately shaped radial
lenses in the world. “We can cut both conventional and linear
Fresnel lenses shapes to a corner sharpness of less than 2 μm and
a facet roughness less than 3 nm, resulting in significant
improvements in the efficiency of the lens,” said John. “Our
customers use our drums/moulds in both reel to reel and
stamping processes and are reporting improvements in the order
of 5%. This may not sound a lot but every few percentage
improvement of light falling onto a cell brings a marked
improvement to the overall efficiency of the systems. We can also
make very large linear master moulds — up to 1.4 m long with
multiple pattern repeats — which are proving very popular with
our clients.”
However, John admits that the most intriguing patterns are for
those customers who chose not to reveal the final application.
UPS2 has recently added a prototyping service where
customers can try out variations of new patterns that can be
tested prior to full production. The patterns are cut onto an inhouse master mould, from which a UV cure lacquered PMMA
sample is produced. UPS2 is a joint venture partnership
combining over 40 years’ experience in diamond turning at
Cranfield University with the precision engineering facilities and
resources of Glyndwr University, and is located at the OpTIC
Centre in St Asaph, North Wales, UK.
UPS2
www.ups2.co.uk

50 | commercial micro manufacturing international Vol 6 No.1

CMM 6.1 progress_Layout 1 20/01/2014 10:51 Page 51

Introducing Our New

State-of-the-Art Website

cmmmagazine.com seeks to improve
user experience through clear navigation,
boasting a sharper and more intuitive
design with fewer menus.
Commercial Micro Manufacturing is a product of MST Global Ltd
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