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From
the
editor
These days virtually all of us use micro
manufactured devices and MEMS in one
way or another
We all know where technology
meets real life: these days
virtually all of us use micro
manufactured devices and MEMS
in one way or another, be it in
our cars, inkjet printers,
smartphones, computers or
tablets. We will definitely see
plenty of new functions
developed for gyroscopes,
accelerometers and microphones
in the next few years, and
bioMEMS is certainly one of the
most exciting areas for new
applications.
Nevertheless, I didn’t expect,
when visiting a small
manufacturing facility located
only three quarters of an hour
away from my office, that I was
soon to come very close to the
device that I saw there for the
first time. The company I visited
was Microvisk, and the CEO, John
Curtis, showed me a blood
coagulation testing device he was
working on at that time. The
device features a MEMS-based
cantilever structure manufactured
using micro fabrication
techniques and it was just about
to go into production when I
visited the Microvisk
manufacturing facility in North
Wales, UK.

It was less than two years later
that I found myself purchasing a
blood coagulation monitor for
my grandfather. It enables him to
test his INR very easily at home,
rather than go through a painful
process at a clinic or a doctor’s
office. My family seemed
bewildered with the fact that I
was able to explain to them
exactly how this handy little
monitor and the strips with an
embedded micro chip worked,
and that the vital elements of the
device were most likely produced
less than an hour away from my
house.
At this very moment, Microvisk
and countless other companies all
over the world are working on
cutting-edge, ground-breaking
products that most of us will
come to contact with at some
point. They are at different stages
of design and production, and
there are certainly applications
we haven’t even thought of yet,
but they all share similar goals: to
make our lives easier, safer, more
comfortable and more fun.
Aleksandra Wisniewska
Editor

ERRATUM
In Henne van Heeren’s (enablingMNT) article titled Micro Fluidic
Manufacturing Base in the UK, published in the January/February 2013 issue
of CMM Magazine (Volume 6 Issue 1), we mistakenly credited one of the
images to Epigem. Figure 2, showing a clamped connector with a micro fluidic
chip, should in fact be attributed to Dolomite. On behalf of the CMM
Magazine team I would like to apologise to both companies, as well as the
author of the article.
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Migration to MIM: Metal Injection Moulding

A New Generation Technology
that has helped designers
realise their dreams

MANOJ KABRE, VICE PRESIDENT — MARKETING,
INDO-US MIM TEC PVT. LTD

Innovation in product design is the need of the hour. The
designers are looking for a pioneering process that can allow
them to work with complex geometries and materials without
facing production challenges and restraints. Metal injection
moulding (MIM) is a technology that has enabled designers to
realise their dreams in terms of design complexity, component
integration and the use of difficult-to-machine steeel alloys. It
allows them to fully use their design creativity when it comes to
exotic materials in a mass production environment. Today, MIM
has created the ‘design for manufacturing’ revolution.
Part geometry and strength play an important role in all the
mechanisms and sub-assemblies in the manufacturing world. Be it
an engine or a transmission unit of an automobile, or a moving
component of an aircraft engine, reliability is an important factor
to focus on. As a manufacturing technology, MIM has been a very
successful technology to meet the needs of such applications. It

has the entire gamut of applications ranging from engine parts of
an automobile to external parts of a mobile phone or a tablet.
MIM Technology has evolved from plastic injection moulding and
powder metallurgy and is used for manufacturing complexshaped precise metal parts. It combines the design flexibility and
production scale of plastic injection moulding with the strength
and integrity of wrought metals to offer cost-effective solutions to
meet these demands.
Designing for MIM
Ease in designing metal parts, as you would for plastic injection
moulding, allows MIM the unique ability to manufacture complex,
lightweight shapes that are not economically viable with other
metal cutting/forming processes. Minimising part wall thickness by
proper use of coring and ribs allows use of less metal without
sacrificing durability. Besides superior shape capability, the MIM
process provides the designer with a wider choice of high
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Metal
Injection
Moulding

<< Figure 1: Examples of various
parts made by Indo-MIM. >>

<< TOP | Diagram 1: Production
Quantity vs Shape complexity. >>
<< ABOVE | Diagram 2: Unit cost of
manufacturing vs Shape complexity. >>

Production Quantity vs Shape Complexity
Top figure shows the appropriate metal forming process for a
component with reference to particular shape complexity and the
production quantity requirements.
The first diagram shows that ideally MIM is suitable for high
complexity components with higher production volume
requirements.
strength ferrous and stainless steel alloys as well as wear resistant
and high temperature super alloys.
MIM has been used primarily in the defence parts manufacturing,
whereas other important sectors to emerge have been in
consumer goods, sports, telecommunication devices, medical and
dental devices, and hand and power tools. In recent times, it has
gained popularity in the global automotive sector as well.

Unit cost of manufacturing vs Shape Complexity
Figure above shows the relative unit cost of manufacturing for a
component with particular shape complexity.
The second diagram shows that ideally MIM is suitable for high
complexity components with higher production volume
requirements. The more complex the part, the more cost-effective
metal injection moulding becomes.
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Value Engineering Approach
Value engineering (or Concurrent Engineering, as it is also called)
is always at the forefront of a MIM application. The problem is
designated and the boundaries are fixed, enabling the MIM
designer to develop innovative solutions tailored to a customer’s
specific problems. Over the past 16 years, Indo-MIM has
successfully helped its customers migrate complex shaped steel
components from conventional machining and/or casting
technologies to MIM. Indo-MIM’s migration approach to MIM
helps customers unlock quality and reliability improvements with
significant reductions in product cost, all at the same time. To
further refine its value engineering approach to MIM product
development, Indo-MIM regularly uses advanced Six Sigma and
Shainen DOE techniques in the context of strong APQP process
to facilitate a very robust product development process. The
advantages of this approach can be observed in the relatively
trouble-free production ramp of many programmes at Indo MIM.

Significant attention is given to process design, FMEA, poka-yoke
techniques while developing an optimum MIM production
process for all parts under development at Indo-MIM.
MIM Favourites
Parts with weights less than 50 grams are the most likely
candidates for migration to MIM. MIM components should have
a fair amount of design complexity, thus making them difficult
candidates for the conventional manufacturing technologies.
Greater design complexity increases the likelihood of a successful
migration to MIM. The technology is capable of providing costeffective solutions for annual components volumes as low as ten
thousand to as high as a one hundred million. There have been
some very good examples of parts that Indo-MIM has
manufactured for its customers, where existing joining processes
like welding, brazing, riveting could be eliminated, thereby giving
an integral component design, improved strength, improved yield
and lower direct costs. Success stories like these have even helped
customers lower their consumables costs.
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MIM IS NOT NEW, BUT IS
STILL NOVEL TO MANY.
THIS IS SURPRISING AS IT
CAN OFFER TREMENDOUS
BENEFITS. ANYONE
MANUFACTURING SMALL,
COMPLEX, HIGHLY
DETAILED COMPONENTS
SHOULD BE ABLE TO MAKE
USE OF THIS
TECHNOLOGY. IT
PRODUCES MOULDED
METAL COMPONENTS OF
HIGH DIMENSIONAL
STABILITY, WITH A DENSITY
AND INTEGRITY CLOSELY
APPROACHING
TRADITIONALLY WORKED
AND MACHINED
MATERIALS.

FURTHER INFO
Indo-US MIM Tec
www.indo-mim.com

Testimonials
Comments from Mr. Raghavendra from Tata Motors, Pune: “We, at
Tata Motors, feel that the components like latch parts and
transmission parts like shift levers, detent etc. could be converted
to MIM. Based on the loading and stress levels generated on the
parts during the service, the load bearing areas could be
strengthened, whereas non load bearing areas could be made
hollow or optimised. This will definitely result in a complex
component, maybe a wish list now, which is normally difficult to
manufacture with any process. We feel here the competitive
advantage of MIM could be realised. At the moment we are
studying some similar components for technical feasibility and are
working with Indo MIM. We are confident that we would get
solutions to all such similar optimisation requirements without
sacrificing reliability.”

Martin McCaffrey, Technical Director of Camlock Systems Ltd in
UK, has expressed the following views in his personal capacity,
not necessarily those of the company:
“MIM is not new, but is still novel to many. This is surprising as it
can offer tremendous benefits. Anyone manufacturing small,
complex, highly detailed components should be able to make use
of this technology. It produces moulded metal components of
high dimensional stability, with a density and integrity closely
approaching traditionally worked and machined materials. Also,
savings are often available by being able to produce a finished
part in ‘one shot’, replacing the machining and subsequent
assembly of multiple parts. Skilled practitioners in the industry
will assist with advice on designing for the process. Within
industrial security, with its tight space constraints, MIM is a
technology I foresee using with increasing frequency.”
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LASER MANUFACTURING

Choosing the Right Laser
AND PROCESSING APPROACH

<< Figure 1:
Comparison of
drilling polyimide
with different
lasers. >>

NADEEM RIZVI,
LASER MICROMACHINING LTD
People working in laser companies or in the laser
machining industry are often asked by
prospective users about which laser will be best
for their application. This is an almost impossible
question to answer in a simple way because it
depends on a balance between a very large
number of factors — it is the careful mix of these
variables that gives the most suitable result and,
even then, there is usually more than one answer
to achieve the desired result. So, to assess this
kind of question, a set of choices has to be made
and prioritised to determine which laser process
will be selected. Even with such an approach, it
has to be said that there is hardly ever a unique
solution and usually more than one laser can
achieve the desired outcome. This article
explores some of the issues in relation to this
situation in an effort to explain why it is so
difficult to be definitive about laser options and
how various processing techniques need to be
considered when making decisions.

Which Laser is Best?
Since all micro processing applications require the machining of a
material, perhaps the best place to start is to assess how lasers
interact with different materials. Table 1 lists some common
engineering materials and gives a qualitative guide to how
different laser wavelengths machine these materials.
Table 1 shows how different materials can be machined using
nanosecond lasers (the most common type of micro machining
lasers) and ultrafast lasers (those with sub-nanosecond pulse
durations, typically in the range 100fs-20ps). The ‘green-orangered’ categorisation of the interactions is purely given as a
convenient indicator to show which lasers one might choose as
being good candidates for any particular material. It is not always
clear-cut which laser will be the ‘best’ for a micro processing task
since the issue of quality is such a difficult one to define — one
application may be able to withstand hundreds of microns’ worth
of damage around a cut edge, which means that an ‘orange’
category laser may be perfectly acceptable, whereas another
application in the same material may need a ‘green’ category laser
due to its higher specification on edge damage; it all comes down
to the specific details of the job as to which laser may or may not
be a suitable candidate.
In general, there are no hard-and-fast rules on what can be done
with lasers in different materials and so Table 1 should be seen in
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<< Table1: Material machining coverage of
common laser wavelengths. >>

this context. One example of this is the use of excimer lasers in the
aerospace industry; although metals are not traditionally
machined with excimer lasers, there is, nonetheless, a very specific
application where excimer lasers are used to drill holes in aircraft
wings and this is a mature technology (albeit with a very particular
set of laser parameters). Hence, Table 1 represents a first-level
guide to possibilities rather than excluding particular lasers from a
machining task.
Looking at the green categories in Table 1, it might be tempting
to make one generalisation: only one type of laser can machine all
materials with ‘good’ quality and that is the ultrafast laser, so why
not simply select this type of laser for everything? Although
ultrafast lasers can machine all materials rather well, they are much
more expensive than nanosecond lasers (being factors of 5-10
more than nanosecond lasers of similar average power, although
this price differential is reducing). Price is a big factor in this
discussion but quality vs. processing speed is another important
one. To obtain really high quality machining, ultrafast lasers often
have to be run at very low powers (and pulse energies) and the
consequence of this is that the processing speed becomes slow.
Hence, the practical penalty for obtaining the best quality of
results is that the production time becomes longer and this is
something that has to be evaluated carefully. In many industrial
(and even development) applications, ultimate best quality is not
necessary and so nanosecond lasers become good practical
alternatives — if a nanosecond laser can give 90% of the quality
of an ultrafast laser but at lower price and faster speed then the
case for using ultrafast lasers becomes weaker and this is one of
the reasons why the vast majority of industrial applications still use
nanosecond lasers. Nanosecond lasers can also give exceptional
quality results and so an ultrafast laser is not the only choice when
it comes to obtaining high quality results.
Other features which are evident from Table 1 include the fact
that quartz and fused silica cannot be machined with any of the
common nanosecond lasers, due to the fact that there is such low
absorption in quartz/silica from the UV to the near IR. Materials
like PTFE and other fluorinated polymers also cannot be
machined well with any of the common nanosecond lasers. It is
clear that thin films (like nm-thick ITO, TCO and metallic coatings)
and ceramics can be processed with any of the laser wavelengths

shown and the actual choice which is made will be determined by
what features need machining and some of the other issues as
discussed later in this article.
A final point to make is that if one material is to be removed
from another (e.g. a polymer from a metal or a thin film from
glass), then it is helpful if the top material machines easily while
the substrate does not machine well with the same laser. Hence
removing polymers from metals is efficiently done by a UV
excimer laser since metals don’t machine well at UV wavelengths;
this differential in machining is what makes the selective laser
machining possible and so the choice of laser should always be
such that it machines one layer strongly while not affecting the
other layer.
Comparisons of Speed and Quality
Having seen that there exist options for different lasers to
machine a material, it is informative to look at practical examples
and compare the results.
Hole Drilling
Many billions of holes are drilled with lasers each year in industrial
applications so the efficient production of holes is obviously an
important issue. However, how the drilling is approached — and
what laser choices are made — plays a huge role in how quickly
and cost-effectively the drilling can be accomplished.
Polyimide (especially Dupont’s Kapton) is extensively used in
many microelectronic, printing, sensor and medical products and
it presents a good case study for laser drilling. As can be seen
from Table 1, polyimide can be machined well with various laser
wavelengths and so we can choose a couple of these wavelengths
to examine the pros and cons of using different lasers. The two
lasers which have been chosen for this comparison are a 248 nm
excimer laser and a 355 nm solid-state laser and the approach we
take is to produce 100 μm diameter holes on a pitch of 500 μm in
a 50 μm thick film of polyimide. The hole sizes are chosen
deliberately to be larger than the typical focused spot size from a
solid-state laser which is ~15–20 μm so that percussion drilling
cannot be used. Hence, to make the 100 μm holes with a solidstate laser, beam trepanning using a galvanometer scanner is used
while mask projection is used with the 248 nm excimer laser.
Obviously there are many options for the power of the laser that
>> Continued on page 14
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<< Figure 2: Plots of drill time to drill 1 million holes using
step-and-repeat and on-the-fly methods. >>

<< Figure 3: Speed factor by which on-the-fly is faster than
step-and-repeat (green line) and associated scanner speeds
(red line) for the drilling of 1 million holes. >>

can be used for each wavelength so we chose modest power-level
lasers in each case where the cost of each laser was about the
same (around $50 k). Using standard, commercially-available
optics and hardware (i.e. nothing specifically configured to give
either laser a particular advantage), hole drilling was optimised so
that ‘good’ quality holes (e.g. round shape, clean sharp edges, lack
of damage or debris) were produced over an area of 100 mm x
100 mm.

sample). However, higher repetition rate lasers of the same
output power are generally more expensive so this change is not
always simple or cost effective. This is where the interplay
between the choice of laser, optics and machined area has to be
optimised and it is not a trivial matter.

Figure 1 shows the comparative results of the polyimide drilling
with each laser and shows the holes from the laser entrance and
exit sides.
It can be seen that the holes are identical with no significant
difference in hole size or quality, i.e. there is no practical
difference in the results due to the laser wavelength. When
comparing drill times, however, there is a big difference in the
numbers of holes which can be drilled per second with each laser,
at least for the parameters of this particular experiment. The
355 nm holes were drilled at a rate of 96 ms/hole whereas the
248 nm holes took 1600 ms/hole, i.e. the 355 nm drilled holes
were x16 faster than the 248 nm drilled holes. So it would appear
that since the quality that both lasers can give is the same, it
would make sense to choose the 355 nm laser for polyimide
drilling due to its much faster drilling speeds.
However, as with most things to do with laser micro processing,
there are alternatives which make things less simple. In this case, it
is due to how the 248 nm excimer drilling was done. Only one
hole was drilled at a time with each laser in our experiment (to
give a form of consistency) but also because a small-frame excimer
laser was chosen whose spot size at the sample was ~500 μm, i.e.
only one hole fitted into the machining area anyway. So, as a
direct single-hole drilling comparison, the above drill times are
correct but only for the narrow set of laser parameter choices we
made. An obvious way to reduce the drill times in both cases
would be to use a higher repetition rate of laser so that the
required pulses were delivered more quickly to the sample. This
would certainly work but may lead to a reduction of quality due
to heating effects (due to more pulses arriving quickly on the

Let’s look at the scenario for the Kapton drilling and assess some
of the options (see side-box for definitions of the parameters). To
maintain a particular quality of hole, the energy density of the
laser at the polyimide should be kept the same so, this being the
case, having a laser with a higher pulse energy would mean that a
larger area of the sample could be covered with the same energy
density. In the case of the 355 nm laser and galvanometer scanner
system, this does not help because only one hole is drilled at a
time and so whatever energy is available from the laser, only the
selected amount of energy can be supplied to drill the single
hole; having more energy available from the laser does not help
as it cannot be used. In the case of the excimer laser, however,
having a higher pulse energy means that a larger area can be
illuminated at the sample and so many more holes could be
drilled as long as the projection lens being used has a large
enough field size. If, for example, we used a lens with a field size
of 4 mm x 4 mm, then 64 holes on a 0.5 mm pitch would fit into
the field size and hence 64 holes could be drilled in the same
time as one hole. So instead of a hole every 1600 ms, there would
be 64 holes every 1600 ms, i.e. 25 ms/hole, faster than the 96
ms/hole time for the 355 nm hole. This is one of the main
attractions of excimer lasers since depending on the laser and
optics, a very large area can be covered extremely quickly.
The drilling time can be dramatically reduced with excimer lasers,
therefore, by increasing the area over which the drilling is carried
out, although this does require a larger-frame, more powerful
laser. With the 355 nm solid-state laser, increasing the power is
not the best approach since only a single hole is drilled at a time.
The use of diffractive optical elements can produce more than
one drill site at a time — in which case the higher energy would
be beneficial — but such multiple-beam optics have not yet
found their way into mainstream production due to a number of
issues concerning their ease of use and uniformity.
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So what other strategies are there to improve the 355 nm
production rate? In our experiment the drilling of the 100 μm
trepanned holes was done by a ‘step-and-repeat’ method, i.e.
drilling a single hole statically, moving to the next site and then
drilling the next hole. Since each hole requires a trepanning
process, the step-and-repeat
method suits these holes well.
However, for holes which
have sizes of the order of the
laser beam spot size or
smaller, percussion drilling
can be used. In percussion
drilling, the laser beam is
just focused onto the drill
site and the number of
pulses required to drill the
material is applied.
The step-and-repeat
method can also be used
with percussion drilling.
To increase the overall
process speed, the drill

time can be reduced (using higher repetition rates) and/or the
step movement time can be reduced (using a faster move).
However, both of these options are limited in how much benefit
they can provide — the increased repetition rate has already
been stated to affect quality while reducing move times is
governed by how fast the galvanometer scanners can be stably
accelerated and decelerated. One of the restrictions of the stepand-repeat process is that each move is accompanied by an
acceleration and deceleration and these times can add up to
significant delays when there are millions of holes to drill. A much
more efficient drilling method exists, however, which can
overcome this acceleration/deceleration problem and this is
known as ‘on-the-fly’ drilling.
In on-the-fly drilling, the laser is turned on and then moved using
the galvanometer scanner to make a line. Since the laser is pulsed,
laser pulses arrive periodically at the sample while the beam is
moved over it in a line and the distance between the pulses on
the sample is given by the speed of the galvanometer motion
divided by the laser repetition rate. Hence, if the beam is moved
at 1000 mm/sec and the laser is running at 10 kHz repetition rate,
the separation between pulses on the sample will be 0.1 mm. The
benefit of this technique is that one line (which can contain many

<< Figure 4: Comparison in quality of holes drilled in 20 μm thick titanium foil using
step-and-repeat and on-the-fly techniques. The entrance hole sizes are 20 μm and
the exit hole sizes are 15 μm. >>
>> Continued on page 16
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hole locations) requires only one acceleration and deceleration
and so the overall times can be far lower to drill a particular area.
Let’s assume that, for example, we wish to drill an area of 100 mm
x 100 mm with holes on a 0.1 mm pitch and that each hole takes
50 pulses to drill. The sample will contain 1 million holes and so
with the step-and-repeat method there will have to be 1 million
accelerations and 1 million decelerations of the galvanometer
scanner. In the on-the-fly method, we will have to repeat the
scanning process 50 times since each pass only places one pulse at
each location (and we need 50 pulses to drill the hole). One pass
requires 1000 lines to be made (100 mm divided by 0.1 mm) and
so has a total of 1000 accelerations and 1000 decelerations. So,
over 50 passes, the total accelerations and decelerations is
200,000 as compared with 2 million for the step-and-repeat case.
Obviously, if fewer pulses are needed to drill a hole, there will
need to be fewer passes in the on-the-fly procedure and hence it
will be even faster since there will be fewer numbers of
accelerations and decelerations.
Taking the example above, we can plot the times that the stepand-repeat and on-the-fly methods will take and this is shown in
figure 2. We assume that 50 pulses are needed for the drilling, the
holes are on a 100 μm pitch, the sample is 100 mm x 100 mm in
size and the total move time in the step-and-repeat case is 1 ms. It
can be seen that on-the-fly drilling is always faster than step-andrepeat method and that the speed difference increases as the
laser repetition rate increases.
Extending the same example, the calculated data can be replotted to show the factor by which the on-the-fly drilling is faster
than the step-and-repeat method and the associated speeds of
the galvanometer scanner. This data is plotted in figure 3. This
treatment shows that at 50 kHz repetition rate, for example, the
on-the-fly process is x2 faster than the step-and-repeat method
and the associated galvanometer scan speed is 5000 mm/sec. This
is around the limits of easily-available current scanner technology,
although scanners with speeds of around 10,000 mm/sec have
been demonstrated. So even though it can be seen from figure 3
that at 450 kHz, for example, the on-the-fly process would be x10
faster, this cannot be achieved because it would require a scan
speed of 45,000 mm/sec, something which is impractical at
present. So although using a really advanced, ultra-high speed
scanner would lead to faster processing, the choice has to be
made whether it is a worthwhile investment balanced against the
likely benefits. Only a full appraisal of the overall machining task
provides this answer.
Separate from the processing speed issue, there should be no
difference in the quality of the drilling between step-and-repeat
and on-the-fly if the process is properly set-up and optimised.
Figure 4 shows the comparison of this in the drilling of 20 μm
thick titanium foil. The holes were drilled using a galvanometer
scanner system at 355 nm using a nanosecond laser. The
processing speed of the on-the-fly drilling was more than x3 faster
than the step-and-repeat method (~3,300 holes per second being
produced by the on-the-fly method as compared with ~1,000
holes/second with step-and-repeat).
Thin Film Patterning
If we now examine a completely different type of processing —
the patterning of thin films — we can see again how the selection

<< Figure 5: Patterning of ITO on glass using
355 nm (top) and 248 nm (middle). >>

of processing parameters leads to major differences in the results.
Thin film patterning is widely used in the production of solar
panels, biotech sensors, microelectronics devices and display
products of all kinds. The films are commonly a form of thin
conducting oxide (e.g. ITO) or a metallic layer (e.g. gold) with
thicknesses in the range of 10-200 nm. The main requirements for
the patterning are that the film be completely removed, the
edges are clean/sharp and that there is no discernible damage to
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<< Figure 6: Cutting of polycarbonate: 400 μm
diameter holes in 175 μm thick PC (left) and 2 mm
wide cut shape in 375 μm thick PC (right). >>
the substrate (which is usually glass or polymer, sometimes a
ceramic). As shown in Table 1, thin films have a very wide process
window when it comes to the choice of laser so which route is
taken depends a lot on other factors.
A glass plate, 50 mm x 50 mm in size and coated with ~100 nm
thickness of ITO, was chosen for comparative tests. A spoke
pattern of electrodes was generated which typifies the types of
features which are usually produced on thin films and this pattern
was machined into the ITO using a 355 nm solid-state laser using
a galvanometer scanner and a 248 nm excimer laser using mask
projection. Figure 5 shows the results of the patterning with 100
μm-wide electrode and 500 μm diameter pad features.
The 355 nm laser processing used 4 shots/area at 60 kHz with a
20 μm round beam while the 248 nm laser used 4 shots/area at
50 Hz and a 2 mm square beam. Therefore the solid-state laser
has a very small spot but runs at a very high repetition rate
whereas the excimer laser has a large spot but only operates at a
very low repetition rate. It can be seen from figure 5 that the
quality of the patterning with both lasers was the same and no
practical differential could be found in the processed plates. The
process times were 1000s for the 355 nm plate and 50s for the
248 nm plate.
In this example, the low repetition rate excimer laser is far more
efficient at patterning the thin film since the number of pulses
required for removal is very low (usually 1-4 pulses) and,
therefore, having a high repetition rate to deposit lots of pulses
quickly adds less benefit than being able to cover a large area.
Since the solid-state laser, which is directly focused to ~20 μm
spot size, cannot be made much larger in practice (because
otherwise it would not provide the feature resolution needed), it
cannot compete with the very large beam size of the excimer
laser. Since the mask projection optics define the feature
resolution, the excimer laser beam can be made as large as
possible as long as the energy density at the sample required for
pattering remains achievable. In such cases, even though the
excimer laser system may be more complicated than a solid-state
laser one, the processing speed benefits are so large that it has to
be considered as a viable candidate.

There are particular attributes for an excimer laser that make it
very efficient in the patterning case and these are:
l
large beam size with high pulse energy giving ability to cover
large areas with high energy densities;
l
poor beam quality (large number of spatial modes) giving
ability to mask project with good fidelity;
l
short wavelength allowing high resolution imaging;
This combination of properties from an excimer laser cannot be
matched in practice by any other laser and this aspect dispels the
assertion that an ultrafast laser is the only laser one may need
since an ultrafast laser would not be more efficient in the
patterning case above (as its process time would be similar to that
of the 355 nm laser). Therefore, it has to be the case that one has
to choose a particular laser (and the optimum processes
associated with it) to be able to obtain an efficient solution for
each application.
Figure 6 shows polycarbonate machined with an excimer laser and
an ultrafast laser. Both results display excellent quality of
machining and it is difficult to choose between them or even
guess which one is which (in fact, the holes were made with the
excimer laser and the cut shape with the ultrafast laser).
Although the quality of the results is the same, the speed of
machining would be a major factor when deciding which laser to
use — in just making one hole or one shape the overall time
difference is not great but it would be if there was a large sample
with thousands of features to machine. So, if only a smaller
number of features were required then either laser could be
used, if both lasers were available on equal terms. It would be a
totally different matter, however, for larger volumes of material
removal — in that case, the entire job would have to be evaluated
to see which laser process would be more suitable. This,
summarises the dilemma for a potential user: it is simply not
possible to choose a laser based purely on the material alone or a
small knowledge of the machining to be done; a broader
understanding of what is required is always necessary to gain the
optimum solution.
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HOW ARE LASER
PARAMETERS RELATED?
The main parameters of interest for laser micro processing
are: average power, repetition rate, energy density,
wavelength and beam quality. All these parameters have
to be suitably addressed to gain the best results.

Summary
In one sense, the answer to the question posed at the
beginning of the article is that there is no single, absolute choice
of laser which is best for a particular application; it is only by
being selective and prioritising a set of options that a practical
solution can be found. This position is more easily reached if
the interplay between the competing factors (technical,
economic and practical) is understood. As a user who simply
wants processed parts, it may not be important, at all, to know
how something is done but it usually helps to know why a
solution has been selected. It is the job of laser companies to
sell lasers — their lasers — so the opinion from them may not
be as fulsome or objective as a user may want. Service
providers are not selling laser products and so can supply a
more independent view to users about which lasers (and laser
processes) would be best for their needs. Users should be
aware that there is a huge complexity involved in finding the
right laser processing solution — once the solution exists then
laser processing is unrivalled in the speed, quality, reliability
and scalability that it can offer but it should be remembered
that the choice of laser processing variables is enormous and
generally no single answer exists for a particular application. It is
the job of providers and users to work together to adopt the
right solution.
Acknowledgement: the laser machining results and data
presented in this article were produced at LML by Andy
Goater, Gary Owen, Rob Armstrong, Phil Boulton and Julian
Burt.

The average power from a laser, given in Watts, is defined
as:
Average power (W) = Pulse energy ( J) x Repetition rate
(Hz)
The energy density (also called ‘fluence’) at the material
is defined as: Energy density ( J/cm2) = Pulse energy ( J) /
Beam area (cm2)
The beam area (for round Gaussian beams) at the material
is approximated by: Beam area (cm2) ~ (1.06 M2 f λ/ D)2
where M2 is the beam quality factor, f is the focal length
of the focusing lens (cm), λ is the laser wavelength (cm)
and D is the laser beam diameter (cm) at the focusing lens.
Hence the beam area is affected by the beam quality (the
focusability of the laser beam). The energy density is
affected both by the beam area and the pulse energy
(which is linked to the laser average power and
repetition rate).
So, if we have two lasers which each give 2W of output
power but Laser A runs at a repetition rate of 100 kHz and
Laser B runs at a repetition rate of 1 MHz, then Laser A will
have a pulse energy of 20 μJ whereas Laser B will have a
pulse energy of 2 μJ. Therefore, if using identical focusing
optics for both lasers (assuming that both lasers output at
the same wavelength and with the same beam quality),
then the fluence with Laser A will be x10 higher than with
Laser B. Therefore, even though both lasers are running at
the same wavelength, output the same average power and
focus to the same spot size, one will ablate at a fluence 10
times higher than the other and this will lead to a big
difference in the speed and quality of machining.
Wavelength also impacts on how the material absorbs the
laser light and this is critically important for all non-ultrafast
lasers. So just having a particular laser is a start but how it is
used is vital to the results that are achieved.

Dr. Nadeem Rizvi is Managing Director of Laser
Micromachining Ltd, a provider of laser contract
manufacturing services to industry.

www.lasermicromachining.com
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Ultramill — An Ultra-Precision
5 AXIS MICRO MILLING MACHINE
words | F.P. Wardle, UPM Ltd
K. Cheng, Brunel University
Dick Turpin, ITP Group Ltd

Ultramill is a 5 axis micro milling machine for producing high
precision miniature components and micron sized surface
features. The machine was originally designed and built in the UK
by UPM Ltd and Brunel University and is now being
manufactured and marketed by another UK based company, ITP
Group Ltd. The development work was part of the European FP6
funded MASMICRO project aimed at developing Micro
Manufacturing Technology for which Ultramill was required to
generate micro tooling for presses, stamping and forming
machines. The prototype Ultramill is based at Brunel University
where it is being used as an enabling technology for new research
projects and to do sub-contract machining. So far it has
demonstrated a sub-micron repeatability and an optical surface
finishing capability.

<< Figure 1: Machine
configuration. >>

Introduction
As consumer products such as portable computers, mobile
phones and cameras continue to reduce in size and exhibit an
ever wider range of features, so the demand for smaller and more
intricate components continues to increase. For many of these
products the technical development trends are accompanied by
the need to limit or even reduce manufacturing costs. Moulding,
pressing and stamping are the manufacturing operations that have
the potential to produce miniature components in high volume at
low cost and as such were an important theme of the MASMICRO
project. Using these processes to produce parts of the order of
one millimetre in size or less, introduced new challenges to the
design and manufacture of tooling. The smaller the component,
the greater its ratio of surface area to volume so in the case of
moulding, friction forces at the mould surface have a far more
critical effect on material flow and on the quality and
consistency of the components produced than for normal
sized components. In essence, moulds with ‘mirror’ surface
finishes and ‘micron’ level precision
were found to be necessary to
produce good quality miniature
components, even if the components
were only required to have normal
dimensional tolerances.
Ultramill was designed specifically to
meet the challenges in
manufacturing tooling for miniature
components. But in so doing it can
also be used to manufacture a
wide range of small components
required by the medical, optical,
semiconductor and micro fluidic
industries. In addition it may be
used to machine fine textures or
specific features on the surfaces of
small to medium size components.
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<< Figure 2: Ultramill
Working Zone and
Control Panel. >>

Design Concept
The overall requirement was for a machine with a small footprint
and the flexibility to produce a wide range of component
geometries. Milling was considered to be the most suitable
machining operation and with a 5 axis machine structure, figure 1,
was found to meet the flexibility requirement in full. Figure 1
shows the machine to have three linear axes (X, Y & Z), one of
which is fixed to the base of the machine (Y), the second forms
part of a gantry (X) and the third (Z) is mounted on the gantry.
The fourth axis (B) is a rotary table and is mounted on the Y axis,
whilst the fifth axis (C) is a ±90° swivelling axis mounted on the

lower end of the Z axis. The machining spindle is attached to the
latter. A modular construction was employed in which the slides
were built as complete units and simply bolted to a standard base
fabricated from natural granite. Complete with guarding and
control cabinet, figure 2, the machine occupies a floor area of
1 x 1.1 m2 and can accommodate work piece sizes of up to
150 x 150 x 100 mm.
In order to meet the ‘mirror’ surface finishing capability
requirement there was a need to eliminate the sources of
mechanical vibration, stiction and backlash normally encountered
on machine tools. Conventional machine tool drive
elements such as lead screws, gears, belts, pulleys and
couplings were completely eliminated by using
‘electronic drives’ on all five axes. Essentially, the latter
comprised of a direct drive DC brushless motor, drive
amplifier, encoder and a high speed motion
controller. Furthermore, with the exception of the C
axis, ball bearings were eliminated and replaced by
externally pressurised air bearings.
The combination of air bearings and electronic drives
enabled frictionless, backlash free motion to be
achieved on each axis whilst the encoders required as
part of the electronic drive arrangement were selected
to have a relatively high resolution of 5 nm (linear) and
0.00001 Rad (rotary) to enable the high dimensional
repeatability requirement to be met.
Air bearings have a smoothness of motion unmatched
by other bearing types but generally exhibit low
damping — a disadvantage in machine tool
applications. This limitation was overcome by a novel
<< Figure 3: Milled surface
with Ra <5 nm. >>

20 | commercial micro manufacturing international Vol 6 No.2

CMM 6.2 progress_Layout 1 20/01/2014 11:53 Page 21

<< Figure 5: Micro grooves
with mirror finish. >>
<< Figure 6: Diamond milled
upstand 15 μm wide. >>

<< Figure 4: Micro gear teeth. >>

design of squeeze film damper integrated into the three linear air
bearing slides and the air bearing rotary table. The net effect was
an increase in dynamic stiffness on each axis by as much as a factor
of 10.
The machining spindle is critical to machine performance and has
to meet a number of conflicting requirements. High rotational
speeds are required in order to use tools as little as 50 um
diameter without risk of damaging them but high rigidity is
required to achieve accurate machining with larger diameter tools
at much lower speeds. Air bearings were an essential choice
simply to meet the surface finishing requirement and enable
diamond tools to be used with minimal risk of ‘chipping’ damage.
But they also enabled speeds of up to 200,000 rpm to be
achieved with low heat generation and thermal distortion. A DC
brushless drive motor provided the best speed range enabling
machining to be performed at speeds as low as 20,000 rpm.
Machining Performance
Initial machining trials have been encouraging, confirming that the
surface finishing capability can easily meet the standards required
of mould tooling. In fact, using the diamond end mills developed
by Contour Fine Tooling to machine soft substrates such as
oxygen free copper, surface finishes below 5 nm Ra have been
achieved, figure 3, sufficient for the manufacture of many types of
optical component or their moulds. With tungsten carbide milling
tools, surface finishes are typically in the range 10–20 nm Ra
depending on substrate material and machining conditions, again,
easily meeting mould tooling requirements.

A variety of miniature components have been machined in order
to assess machine performance over a range of work materials
and geometries and for different types and sizes of milling tool,
examples are shown in figures 4 to 6. Of these, the upstand shown
in figure 6 best illustrates machine capability. It was machined as
part of a micro fluidics research project aimed at determining the
minimum wall thickness that can be used to separate a heat source
and a cooling fluid. In this trial a wall 15 μm wide was produced in
aluminium by side milling with a diamond tool. Inspection of
figure 6 shows a complete absence of burring, distortion and
surface geometry errors with the sides of the walls being
extremely straight and parallel.
Future Developments
With an excellent dimensional repeatability and an optical surface
finishing capability, Ultramill enables small three-dimensional
components and multi cavity moulds to be fully machined in a
single set up and without the need for subsequent polishing
operations. This gives it the potential to reduce the manufacturing
costs of many types of high precision components, particularly
those produced in high volume by moulding operations.
The developments incorporated into the prototype Ultramill
form the basis of a series of machines, subsystems and linear slides
launched by ITP Group and UPM. For example the natural granite
base fitted with X, Y and Z slides is suitable for laser, electrical
discharge and electro-chemical micro machining in addition to
milling.
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<< Figure 3: Micro
perforated filters. >>

<< Figure 2: Hole dimensions. >>

CHEMICAL ETCHING
for a Variety of Applications
A nice smile, an excellent espresso, a car starting immediately or
reliable health analysis: what have these totally different
applications to do with chemical etching? Chemical etching can
structure these products meeting the demanding filters’
specifications regarding forms, dimensions and depths of holes.
MICROMETAL chemical etching technology can offer a matching
solution in each case.
Let’s highlight some positive effects of structuring metal filters
with chemical etching. In the field of filtration, chemical etching
meets strict dimensional and mechanical requirements. Filter
surfaces must be flat and completely free of burrs. This enables an
easy and residue-free removal of the material from the perforated
metal filters (see figure 1). The etched holes can be funnelformed, symmetric or shifted. If the narrow opening of the holes
on the filtration side has no cavities, the residual material can be
completely removed from the filter. The large cone opening
simplifies the removal of residues by back-flushing and prevents
the settling of particles. Moreover, considering the great stress
due to pressure of filtering, the use of high strength steels extends
the product life of a filter and ensures food safety and corrosion
resistance. On the other side, the hole-to-hole spacing should be
as small as possible to minimise the pressure loss, enlarge the
transmission and reduce the mechanical stability. Last but not
least, when structuring both sides, the position of the structures
can be aligned with extreme precision. Single-sided chemical
milling (to create a so-called half etch) and openings can be
combined as needed. By etching extremely fine channels into the
metal surfaces, capillary effects for fluids can be created.

The customers’ applications specify the form, dimension and
depth of the holes to be etched or half-etched. The form of the
structures can be designed with a high degree of freedom. The
etched holes can have defined target depths of minimum 7 μm.
But it is also possible to generate very deep holes up to a half
spherical cross section structure. The depth etch tolerances are
very tight and are usually below ±3 μm (see figure 2). Elliptic or
round holes as well as a 90-degree or staggered orientation, even
hexagons, stars or any free surface texture can also be etched.
MICROMETAL chemical etching achieves highest reproducibility
while maintaining tightest tolerances. The precision parts are
clean, burr- and stress-free and can be directly integrated in any
external production line.
With its unique photo chemical etching processes, MICROMETAL
can meet the increasing demand for complex designs and high
volumes in a wide range of high-tech applications in medical,
chemical, automotive and other industries.
MICROMETAL GmbH
www.micrometal.de
<< Figure 1: Achievable hole geometries. >>
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As quick

and easy as a

3D profiler can be

InfiniteFocusSL is a new optical 3D surface measurement device for rapid and intuitive surface
characterization. Users measure surface roughness and form with a single measuring system.
Based on the robust technology of Focus-Variation the system can also be used in a production
near environment.
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Automation is the Key to

Unlocking the Full Potential
OF LASER MICRO MACHINING
lthough laser micro machining is a relatively recent
development, it is widely recognised that this technology
provides the process of choice and even the technology
enabling step in an ever more diverse range of applications. In
fact laser micro machining is indispensable in many areas of 21st
century manufacturing across a wide range of industries. Laser
processing is routinely used for micro hole drilling, cutting,
scribing, 3D machining, selective layer removal, micro milling,
welding, surface treatment and can be applied to virtually all
materials. While lasers hold the key to precision engineering on a
mind bogglingly small scale, it’s good old automation that allows
this key to unlock the capability on a commercial scale.
As with any manufacturing process the handling of the
components and materials being processed is a significant factor
in determining throughput and ultimately cost. With laser micro
machining the demands on the automated handling are
considerable, often requiring high speed movement and ultrahigh placement precision in order to maintain the tolerances that
laser processing can deliver. These demands mean that off-theshelf automation is often inadequate and a bespoke, fully
integrated solution is required.
Meeting these demands requires a specialised supplier with skills
in the application of the laser for precision laser micro machining,
coupled with experience in the engineering and integration of
automated part handling and a real flare for innovative design.
The ability to conceive and
realise novel ways to
manipulate and transport
material, which could be
anything from a 10 μm
diameter wire to a large
sheet of glass, and to place
these for processing with
sub-micron tolerances, is
key to delivering a viable
process. Of course, any
novelty must be

A
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underpinned by robustness and reliability, as the machine tool is
likely to be run by unskilled or semi-skilled operators in a high
volume manufacturing environment.
Laser processing as a means of creating highly precise micro
features offers a number of additional advantages, firstly the laser
beam ‘tool’ doesn’t wear, thus delivering excellent reproducibility,
and being a non-contact process the machining point isn’t
obscured by tooling, making it possible to use online inspection
to generate valuable process feedback and metrology data.
As an example, machines developed for vapour tap drilling in
aerosol valves are also laser marking each component with a
unique product code and making key geometric measurements,
all in a single location on the same machine and at an operating
rate of 1200 parts/minute. These machines will drill holes from
50 μm to 500 μm, defined in software, for different valve
products and merge traditional industrial automation such as
hopper and bowl feeders with a high speed step-and-repeat part
indexing system, precision laser drilling and marking, integrated
debris management and online optical inspection, in a system that
operates 24/7 with minimal changeover times and long service
intervals.
OpTek Systems brings together a wealth of experience in the
delivery of novel precision laser processing in high volume
production for customers located around the globe, with a
detailed understanding of lasers, optics and laser/material
interaction. This core capability is complemented by
comprehensive experience in automation and engineering, on a
scale from metres to nanometres, along with vision systems,
software and control. OpTek delivers production laser processing

and micro machining in the form of sub-contract services and
production line equipment and routinely supports these from
concept, through development and on to production ramp up
and full volume production.
OpTek Systems
www.opteksystems.com
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amount of time involved in the chemistry,” explained Mark Jarvis,
Toolroom Manager at Precision Micro. “So we profile these
blades using Advanced Wire EDM. Even though it means a
second operation, it’s a far more cost-effective solution for the
customer.”

New Approach to Medical
SAW BLADE PRODUCTION
Precision Micro, Europe’s largest specialist contract chemical
etching operation, has developed a new process route that it
claims can reduce the cost of many precision sharp parts including
sagittal/oscillating orthopedic saw blades.
Traditionally, such sharp-toothed blades have been manufactured
using laser technology followed by precision grinding in order to
achieve the required tooth off-set. By combining its Laser Evolved
Etch Process (LEEP) technology with advanced wire erosion
techniques, Precision Micro claims to improve part quality in a
more economic and efficient manner.
Tooth off-set and blade topography is achieved using the depth
etch technique with dissimilar patterns on each side of the blade.
An etch resist is applied to both surfaces and a pattern is exposed
on each side simultaneously using Laser Direct Imaging. This
guarantees top/bottom pattern alignment. The exposed plate is
then developed, revealing the metal to be etched away. The
depth etch process erodes the metal from both sides
simultaneously, generating the required topography but leaving
the blade securely within the overall metal sheet.
“Depending on the part and the material type, photo etching can
become a little uneconomical above 1.5 mm thick due to the

Sheets are stacked and machined to
produce hundreds of blades in a single
cycle. The process can achieve tolerances
of <±5 μm that cannot be achieved using
other metal cutting techniques.

A feature of the Advanced Wire EDM
process is its ability to generate parallel
sidewalls with an accuracy more than sufficient to create the ultrasharp tooth profile required.
Rigorous process validation, from the design stage through to
commercial production, has shown this process route to be
capable of consistently delivering quality product.
The blades are manufactured from a hardened, Sandvik
martensitic stainless steel, characterised by its very good
corrosion resistance, high toughness and excellent fatigue
strength. Being an ambient temperature process, the blades are
not subject to thermal stress and all the original material
properties are maintained.
This Precision Micro process combination utilises all digital
tooling, making it economical to manufacture the numerous
versions of bone saw blades that have been optimised for each
specific procedure. The same process route is used to produce
both prototypes and volume parts, an essential requirement
when seeking medical device classification and certification.
Precision Micro
www.precisionmicro.com
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OPTICAL METROLOGY | SPOTLIGHT

Optical 3D Metrology
for Micro Machining Applications
words | Brian Kyte, Alicona UK Ltd
Introduction
The measurement of micro machined and EDM machined
components has produced significant challenges for measurement
and inspection.
The types of items produced that require measurement will
normally have very steep slopes, complex geometries or features,
multiple forms and varying reflective properties. In addition they
generally have stringent surface finish requirements.
Products of this nature at this size can be impossible to
measure with tactile systems such as touch probe micro CMMs
and stylus type surface finish systems.
This is particularly true of items with steep slopes, narrow
grooves, form and small edge radius measurements in the
5–10 μm range.
With a typical micro CMM probe size of 125 μm some
mechanical interference restrictions immediately become obvious
on the measurement of these complex shapes. The first is that the
smallest bore size that can be measured is about 250 μm and that
any radii less than 125 μm cannot be measured at all.
The micro CMM systems are very good for the measurement
of external forms over small and larger areas but are not
optimised for complex micro machined components. It is clear
from this that with modern EDM methods producing features in
the sub 10 μm range that optical non contact methods need to be
used.
Tactile profilometers also have limitations when trying to
measure both form and finish on high aspect ratio features and
complex geometries. These types of features that will not allow
entry of the stylus based instruments, making it impossible to
accurately measure either form or finish.
There are a number of optical techniques available for this
task that have been typically used in this area, such as White Light
Interferometry, confocal microscopy and Atomic Force
Microscopy.
These techniques do work well on flat and smooth surfaces,
however the technologies on which they are based they are
maybe not always suited for complex geometry measurement,
with high aspect ratios, high “Z” ranges, high slope angles and
small radii in difficult-to-access locations.
On some of the more complex features/structures these
optical systems also fail in their ability to measure finish at the
bottom of high aspect ratio features or features that have a critical
surface finish measurement requirements in difficult-to-access
features.
Another technique that can be used is laser based
profilometry that will provide effective and quick measurement

over large and small areas; however in this micro engineering
environment the restrictions on resolution in small areas can be
restrictive; also, these instruments will generally not provide
roughness measurement capabilities.
Consequently, industry requires effective measurement
systems providing traceable, repeatable and high-resolution
results. Focus Variation can meet these demanding requirements.
The operating principle of focus variation moves the small
depth of focus of an optical system, combined with modulated
light, over the object with continuous vertical scanning, producing
a topographic 3D data model of the surface.
As the distance between the object and objective is varied,
the variation of sharpness is used for measuring 3D depth
information and a dense 3D point cloud is obtained.
In contrast to other optical scanning methods, the full vertical
scan range is used to measure depth data. Each 3D point has an x,
y and z position with an associated registered colour plus
estimation for the measurement uncertainty.
It is on this dense 3D surface model that measurements are
made producing data enabling comprehensive dimensional and
form measurement plus surface finish. This also allows
measurement of functions such as roughness (Ra) on the form,
enabling, in many instances, complete dimensional and surface
characterisation of the object being studied.
The technique produces complex areal data allowing
comprehensive characterisation not typically available with tactile
systems, also not available with some optical techniques over
complex and high aspect ratio objects.
As the measurement technique is area based, rather than line
or point based, this allows the measurement of high aspect ratio
features and also provides another advantage to the focus
variation technique in that the resolution is the same throughout
the scan range. This is achieved without the need to change
lenses or coarse vertical movement.
Vertical scan ranges of up to 22 mm can be obtained and
very long working distance objectives provide a standoff height
of up to 34 mm enabling the viewing and measuring of many high
aspect ratio components.
The Focus Variation technology with a vertical resolution
down to 10 nm and its ability to measure steep flanks < 850 on
varying surface finishes makes the technology ideal for micro
machining and micro EDM applications.
FocusVariation is the operating principle used in all the
measurement systems manufactured by Alicona GmbH.
www.alicona.com
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<< Figure 2: Orbit
LT from Solartron
Metrology. >>

Laser Solutions Mark a New Age
FOR PRECISION MEASUREMENTS
Sophie Mills, Marketing Manager,
Solartron Metrology
The evolution of the laser originates with Albert Einstein’s
early work on quantum mechanics, leading to his hypothesis
of stimulated emission, which dates back to 1917. This
theory developed into a technology labelled Light
Amplification by Stimulated Emission of Radiation (LASER)
and, after a couple of decades, this technology began to be
explored. Solartron Metrology is now using what was once
classed as ‘technology with no purpose’ to vastly improve
customers’ manufacturing and measurement processes.
During the 40s and 50s, engineers and scientists began extensive
work to explore the operative applications of lasers and the
development of key technologies used today. Originally, MASER
(Microwave Amplification by the Stimulated Emission of
Radiation) was investigated, leading to the widely used and
recognised microwave technology. Pioneering work by Townes
and Prokhorov (who incidentally share a Nobel Prize for their
work on masers and lasers), led to further research into the field
by Theodore Maiman, the inventor of the first of its kind: the ruby
laser.
This ruby laser was originally operated in 1960, some 43 years
after the initial theory was formulated. Since then, advances in
laser technology have led to a variety of deviations of the original
idea, creating products from chemical lasers right through to xrays. Today, the solid-state ruby laser is used in holography and
tattoo/hair removal.
Solid-state lasers have since become industrialised, forming a
group of technologies for use within manufacturing processes such
as process and control, quality assurance and in-process and postprocess measurements. Of these lasers, three main groupings have
occurred: conductive, ultrasonic and optical.
Ultrasonic sensors use high frequency sound waves to
determine distance through analysing the time taken from when

the sound was sent, to when the sound is echoed back. Although
a recognised method for taking measurements, the results are of
low accuracy and can produce inaccurate readings dependent on
the material, making this inadequate for use where precision
measurements are needed. This technology is used in many other
applications aside from linear measurements including sonar,
medical ultrasonography and burglar alarms.
Conductive lasers take two different forms, capacitive and
inductive. Capacitive lasers produce high-precision readings but
have a small measurement range and are affected by the
surrounding environment. Inductive lasers are used for metallic
surfaces and have a diminished precision. Both have specific
applications within the manufacturing industry, fulfilling niche
needs in measurement applications.
Optical lasers are widely acknowledged to be the best
technology for linear measurements. Although the concept of
‘time-of-flight measurement’ (how long it takes for a transmitted
laser to bounce back) can be used for distance measurement, the
low accuracy results make such technology unsuitable for gauging
applications. Laser Triangulation units, as recently launched by
Solartron Metrology, use the reflected angle of the projected laser
to determine measurements, giving a higher degree of accuracy
along a wide measurement range.
Laser Triangulation units consist of a laser and a detector with
a lens proceeding it to enable the focusing of the light. The laser is
essentially a controlled light emitted from the unit, which reflects
from the desired material to be measured, on to the detector
through the lens. The height is then measured using the degree of
the angle, which, in basic terms, equates to the smaller the angle,
the further away the material is.
This method of taking linear measurements has many benefits
within the industry, including high accuracy, resolution and speed,
good repeatability and linearity, and long measurement ranges.

28 | commercial micro manufacturing international Vol 6 No.2

CMM 6.2 progress_Layout 1 20/01/2014 11:53 Page 29

<< Figure 3: Solartron
Metrology sponsors the
Bloodhound SSC land speed
record project, providing
LVDT probes for use on the
1,000 mph car. >>
Due to the small diameter of the laser beam, small targets can be
measured in keeping with the high accuracy achieved with larger
target areas. As cultural changes within the manufacturing,
electronics, automotive and many other industries lean towards
non-contact measurement systems, the introduction of Solartron
Metrology’s Laser Triangulation units comes at a time when the
issue of marring materials through traditional precision probes is
rife within the industries.
Although contact probes (such as Solartron’s Ultra Feather
Touch) can be used in many applications where non-contact is
perceived to be the only option, the ability to take measurements
with absolutely no contact can speed up the manufacturing
process, creating time- and cost-efficiencies, along with providing
the absolute assurance of no damage to the target material.
The idea of ‘one size fits all’ is readily abolished with the laser,
with each application needing to take into consideration all
variables, ensuring each unit is calibrated to produce the optimum
precision and speed. Alongside this, the option of a low- and
high-end laser ensures that all applications are catered for, at
relative costs.
With the Orbit LT linking into the Orbit 3 Network, probes
and laser units alike can interact with one another to provide a
complete solution for linear measurement applications. And with
the highest amount of outputs on the market (Modbus, RS232 or
RS485 Serial, USB, Ethernet TCP, Discrete NPN, PNP and Logic),
installation becomes easier and simpler for users.
Boasting a 15 mm range with a 45 mm offset, the ability to be
calibrated to 0.1% full scale accuracy, 2 μm repeatability and 1 μm
resolution, the Orbit LT provides users with a cost-effective
solution for linear measurement applications.
www.solartronmetrology.com

<< Figure 1:
Solartron Metrology
headquarters in
West Sussex. >>
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<< LEFT | Figure 1: Most optical
microscopes of well-known suppliers can in
principle be extended to 3D imaging. The
interference objective is one of the central
elements of the extension. A motorised
table that moves the sample in XY direction
allows scanning large regions (stitching). >>

<< RIGHT | Figure 2:
Stand-alone 3D imaging
system smartWLI-basic with
standard microscope view of a
metal surface with scratches
and on the right the 3D image
(and 3D data) obtained from
such a surface. >>

SMART AND FAST
3D Microscopy
Optical microscopes are of great importance not only in
research or for product development, but also in monitoring
manufacturing processes. Surface aspects and surface
roughness are increasingly important for today’s products
and it is more and more required to measure and document
surface aspects. In many laboratories optical microscopes are
part of the standard equipment. However, most surfaces
cannot be mapped in all detail using two dimensions only.
Therefore the three-dimensional analysis of surfaces has
become an important tool in recent years. This article
presents the possibility to upgrade existing microscopes to 3D
measuring capability and talks about an inexpensive and fast
3D microscope with surprising vertical resolution.
<< Figure 5: Roughness
measurement calibration
structure with Ra=3.17
micrometre. >>

Typical application fields for 3D surface measurements are the micro
and nano technologies, optical surfaces, metals, watch industry,
precision manufacturing and many others. The measured
parameters are often surface roughness, step heights, volumes or
shapes of curved surfaces. Industries and research institutes involved
in such applications are normally already familiar with optical
microscopy and it is therefore interesting to think about an upgrade
of existing instrumentation to 3D imaging and more importantly
measuring capability. For most optical microscopes by well-known
producers it is possible to make such an upgrade, provided that:
l The microscope has been designed for an infinite distance of
the intermediate image.
l A reflected light bright-field illumination is present.
l A video camera connection (c-mount) is present.
l The mounting dimensions of the tube allow for change of
objective lens.
The measurement principle of a microscope upgrade is based upon
white light interferometry — a well-established method in high
resolution 3D imaging. Typically a broadband light with a coherence
length of about 2 micrometres is used. By using a standard
interferometry objective, the typical image of black and white
stripes (interference fringes) is thus obtained in the focalized region.
Scanning vertically through the image height and taking an image
every 70–80 nm yields a stack of pictures from which the intensity
can be obtained for every pixel. By parallel calculations, this
intensity information is transformed into 3D information of the
entire inspected surface within a few seconds. The very efficient
calculation of the large amount of measurement data is a special
feature of the smartWLI solution. Moving the complex 3D
calculation to the graphics card reduces the processing time for one
million measurement points from 30 seconds to less than one
second.
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<< RIGHT | Figure 3: 3D surface of
a diamond-coated tool. (BELOW)
The Abbott curve (red) and the
histogram (blue) describe the
material distribution as a function
of the vertical height of the
structures on the object. The
Abbott curve provides a
quantitative measure of how much
material is sticking out and where
the surface is free from errors. >>

Smart extension
An extension of a conventional light microscope to a 3D surface
measuring device contains the following hardware and software
components: a PC-controlled positioning system accurate to
nanometres based on the piezo effect, a high quality interference
objective, a fast and highly sensitive CCD camera with modern
GigE interface, optionally an electrical XY table for stitched
surface measurements, a PC with powerful processor and graphics
card as well as an instrument control and image processing
software.
Piezo actuators by piezosystem jena GmbH are typically used
for microscope retrofitting as well as for the construction of
stand-alone 3D interferometer microscopes (for example
smartWLI-Basic). These so-called MIPOS-lens-actuators that allow
for a computer controlled scanning regime of up to 500
micrometres with nanometre resolution in vertical direction. The
interferometer objectives typically used range from 2.5x up to
100x magnification.
The smartWLI software provides the basis for generating
three dimensional measurement data. It can be handled intuitively
and allows for fast analysis and nanometre precision. The
calculated data is directly transferred to the widely used image
analysis package MountainsMap Imaging Topography, which
offers extensive image treatment and evaluation methods:
visualisation in 2D or 3D, roughness measurements, step height
measurements, particle analysis as well as automatic report
generation functions.
Stand-alone system
For cases where a retrofit of an existing optical microscope is not
possible or not wanted, Schaefer-Tec offers the same technology
at a very affordable price as a stand-alone system under the name
smartWLI-Basic or smartWLI-Extended (with motorised XY table
for automatic stitching). The typical parameters are:

l
l
l
l
l
l

Vertical piezo scan range: 400 micrometre
Field of view with a 10x objective: 1.0 x 0.75 millimetre
Vertical resolution 0.1 to 1 nm (depending on measurement
method used)
Lateral resolution: max. 650 nm (depending upon objective
choice)
Vertical scan velocity: 3.6 to 16 micrometre per second
Calculation time after image stack acquisition: 1-2 seconds.

Example: grinding tool
An optical microscope, extended to a 3D measuring device (or a
smartWLI stand-alone instrument) is capable for example to give
insight into the micro scale surface of a diamond fitted grinding
tool (figure 3). The goal of such a measurement is to determine
the form, surface and volume of the diamond particles as well as
the surface roughness. By automatic stitching (combination of
many individual measurement fields to create a larger surface 3D
image) with the aid of a motorised XY table, an image field of 2.5
x 1.8 millimetres was measured. In this case a 10x Mirau objective
was used and 3x3 images were taken. The high measuring speed
of the smartWLI solution also makes it possible to scan larger
regions of over a hundred measuring fields in several minutes.
Conclusion
The optical microscope extension and the stand alone white-light
interferometry solutions from Schaefer-Tec provide an affordable,
fast and state-of-the-art precision 3D imaging and measurement
capability for a vast variety of surface inspection applications. An
upgrade to an existing microscope is made by an experienced
engineer who will also provide extensive user training. A
microscope upgrade normally preserves all the previous functions
of the optical microscope.
Schaefer-Tec AG
www.schaefer-tec.com
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<< Figure 1: The
piezoVolume
piezoMEMS
process chain. >>

FP7 piezoVolume —
HIGH-VOLUME PRODUCTION PROCESSES
FOR PIEZOELECTRIC MICRO SYSTEMS
words | Frode Tyholdt, SINTEF Materials and Chemistry
The MEMS market is increasingly turning its attention to creating
semiconductor-based devices that convert real-world non-digital
as well as non-electronic information to and from the digital
domain. The information can be mechanical, thermal, acoustic,
chemical, optical and biomedical phenomena. One particularly
promising technology is the integration of piezoelectric thin films
with silicon MEMS.
Piezoelectricity is the ability of some materials to generate an
electric potential in response to applied mechanical stress. The
piezoelectric effect is reversible in that materials exhibiting the
direct piezoelectric effect (the production of electricity when
stress is applied) also exhibit the converse piezoelectric effect (the
production of stress and/or strain when an electric field is
applied). This is what makes the piezoMEMS technology so
versatile. Due to this two-way operation of piezoelectric materials,
going all the way from DC operation to several tens of MHz, the
piezoMEMS technology provides a pool of design opportunities.
A market analysis of the piezoMEMS market was recently
performed by Yole. PiezoMEMS have already demonstrated its
potential for use in mass product applications like ink-jet print
heads by EPSON and Matsushita. As of 2013 there are many
others to come. Examples of known future applications are: RF

switch, filters, gyro sensor, tilted mirror arrays, energy harvester,
particle detection for biomedical applications and actuator for
fine positioning in HDD.
The main goal of piezoVolume (2010 – 2012) was to develop a
full high-volume production process for piezoelectric micro
systems. The platform should cover the complete micro
fabrication process and develop the tools and procedures for
the three most significant bottlenecks identified within hardware
and software to realise high volume fabrication of piezoMEMS:
l

High volume deposition tools for high quality piezoelectric
PZT thin films
l In-line non-destructive quality control of piezoelectric thin
films on wafer level
l piezoMEMS specific modelling and process emulation tools
tailored to piezoMEMS
The most important bottleneck was indeed to realize high
volume deposition of PZT thin films on 150 and 200 mm wafers
with state-of-the-art PZT thin film properties (measured as the
thin film transverse piezoelectric coefficient e31,f) at throughputs
needed in production. In the project, PZT deposition tools
based both on chemical solution deposition (CSD) and
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<< LEFT | Figure 2: PZT CSD
cluster coating tool by
Solar-semi. >>
<< BELOW | Figure 4: The
aixACCT aixDBLI system
for quality monitoring
(Courtesy of aixACCT). >>

<< ABOVE | Figure 3:
The Oerlikon
CLN200II platform
for PZT and
electrode sputtering
(courtesy of
Oerlikon). >>

sputtering have been developed with this in mind and a
remarkable development to show to. At the end of the project a
world record level in e31,f of -20 C/m2 was demonstrated by
sputtering on 200 mm wafers.
In piezoVolume, we promoted collaboration between large
enterprises and SMEs in Europe to speed up the development of
the new technology and to enter into the market with
piezoMEMS based product. The consortium consisted of both
technology providers and end-users. This was a very successful
match as new products based on the project developments were
marketed and sold already before the project end. The following
chapters will describe the new developments in more detail.
Design handbook and fabrication rules
It is important to realise that the rules used when designing and
fabricating Si-MEMS often cannot be applied to piezoMEMS. A
so-called white paper on tool integration, design and fabrication
rules will be made available and may be used as a ‘handbook’, a
rough guide for making MEMS using bulk micro machining. It
gives an overview of the needed hardware and their integration
in a fab. Relevant information is available through the SINTEF
piezoMEMS competence centre and piezoVolume websites.
Deposition processes
CHEMICAL SOLUTION DEPOSTION (CSD)
The application procedures used for CSD are quite similar to
what is used in the semiconductor industry for application of
photoresist today, which is a proven high throughput process. The
difference between the two processes is the number of coatings
necessary to achieve the total film thickness and needed

intermediate crystallisation steps using rapid thermal annealing
(RTP). The throughput of a tool using one coater is around three
wafers/h @ 1 μm (50 nm/min). However, an extended production
tool with several coaters multiplies this figure. The method
provides high thickness uniformity and a transversal piezoelectric
performance, e31,f, of around -15 C/m2. Another benefit of this
method is that the material composition can be switched easily via
the coating solution.
SPUTTERING
Equipped with RF magnetron sputtering and a high temperature
substrate holder (Very Hot Chuck), the CLUSTERLINE platform
provides a very reliable high temperature deposition process with
a high throughput capability of around 3.5 wafers/hour @ 1 μm
(60 nm/min). One notable advantage is the remarkably high
piezoelectric coefficient, -e31,f, of — 18-20 C/m2 that we have
achieved — an outstanding result for PZT thin films. An additional
benefit is that the full process, including bottom electrode, can be
done in the same tool without breaking vacuum.
In-Line Quality Monitoring
Earlier during processing there could only be offline tests for
quality control, partly with dedicated test-wafers and/or testdevices/designs on device wafers. Dedicated test wafers may
follow production batches through actual processing steps, but
are not able to neither detect design-specific problems nor fully
map process problems with likely property distributions across
wafers and for batch-to-batch control. aixACCT has developed a
new high-throughput in-line tool for quality control of the
piezoelectric thin film (and electrode) properties. The tool,
named aixDBLI, combines new and already existing hardware for
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<< Figure 6:
piezoMEMS wafer
with three different
devices types.>>
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Figure 7:
piezoMEMS devices
in piezoVolume.

150 mm and 200 mm wafers. aixACCT’s core technology of
optical double beam laser interferometry is combined with a
Cascade Microtech auto prober system. The in-line tool enables a
much improved process monitoring methodology as it will also
allow keeping track of the production yield right after the
deposition process. This will reduce production costs of the final
MEMS device as the following cost intensive processing steps can
be performed on already qualified films.
PiezoMEMS device modelling software
Coventor is a leading provider of 3D analysis and design
automation software for the development of micro and nano scale
devices and systems. Coventor has developed a range of new
design and modelling tools to improve the development of
piezoMEMS. These MEMS-specific software tools enable different
levels of modelling, including manufacturing processes, device and
system design. Interfaces to other standard design tools like
Comsol are available.
These software tools are calibrated to real PZT processes, and
enable engineers to simulate and optimise piezoMEMS designs
before committing to build-and-test cycles. Coventor’s MEMS+
and CoventorWare provide a design and simulation platform for
MEMS designers, enabling them to simulate end-product

performance specs such as sensitivity, linearity, frequency
response, signal-to-noise, and temperature stability.
SEMulator3D is a unique modelling tool for virtual fabrication,
enabling you to review designs and detect process issues in
advance of actual fabrication. That can be a real cost saver.
PiezoMEMS devices fabricated in the project
Prototype devices were designed and tested for three potential
end-users of piezoMEMS technology using SINTEF’s piezoMEMS
processes based on bulk micro machining. These devices were
ultrasonic microphones for the company Sonitor that has
products within in-door positioning systems based on
ultrasound, ink-jet actuators for Océ and its printing technology,
and ultrasonic transducers for Vermon that develops ultrasonic
transducers for the medical ultrasound market.

piezoMEMS Competence Centre
Usually, the threshold for introducing a new technology is
burdensome and time consuming. The piezoVolume project has
created infrastructure and know-how to assist potential users to
integrate this new technology in their products and to perform
feasibility studies. The piezoMEMS Competence Centre at
SINTEF is a perfect match for small and medium size (fabless)
companies that want to get started with piezoelectric MEMS
based on PZT. The Competence Centre has a large network of
infrastructure as well as experts able to guide users through the
challenges with this new technology. The whole process from
design to packaging including small-scale production of devices
is covered. Experts within the Competence Centre have worked
with design, modelling, process development and prototyping
of piezoMEMS since 2002 and several successful projects have
been completed. The unique experience that
Figure 5: A microphone has been acquired reduces risk and time-todesigned and virtually
market for our customers. Streamlined
fabricated in
technology transfer from prototyping to high
SEMulator3D for the
volume production is ensured through
company Sonitor.
collaboration with independent MEMS fabs.
The continuing research in material science and
fabrication processes at SINTEF ensures access to state-of-the-art
technology.
www.piezomicrosystems.com
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Integrate precision
micro-imaging with
ease and ﬂexibility
The Optem FUSION Lens System
delivers modular versatility

s )NTERCHANGE MODULES TO
MODIFY FORM FUNCTION
AND PERFORMANCE

UK Manufacturer Fills Niche Requirement in
Scandinavian Micro Machined Plastics Market
Insoll Components launched its capability profile in Sweden at the
Elmia sub-contracting show in Jönköping last November when it
included its micro machining capability for manufacturing
components from PTFE, PEEK and other engineering plastics. “We
could not believe the high level of interest in the smallest parts we
have ever machined at less than 1 mm in diameter with a 0.1 mm
bore,” commented Mike Fryer, Sales Director. With enquiries
ranging from the electronics to the medical sector, there is clearly
an increasing level of interest in using plastics in geometries not
seen before. In one case Insoll is looking at replacing metal
components with plastic as a means of achieving a combination of
self-lubrication and weight saving on a miniature mechanical
device. Based in the UK, Insoll has now decided to extend its
visibility to Nordic customers by exhibiting at the Malmö based
Plastteknik Fair in April, which brings together the primary plastic
processors of the region to meet design engineers and
procurement professionals. Mike believes that Insoll is now well
positioned to build on the existing business it has developed for
machined plastics in Sweden and Denmark. With its lastest micro
machining capabilities forming the focus of future growth plans he
comments that ”the company is manufacturing
incredibly small components, with tolerances
as tight as 0.02 mm and wall thicknesses as
low as 0.1 mm, even from PTFE. Customers
appreciate the impartial guidance on
material selection and component
design offered by Insoll as they enter
into a new phase of miniaturisation
design requirements.”
Fibracon Insoll
www.fibracon.com
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THERMALLY-BASED MEMS SENSORS
Measure Acceleration and Gas Flow
<< Figure 1: The MSC6226Xc Heated Gas
accelerometer uses monolithic integration to
combine the thermal sensing elements and the
signal conditioning functions on the same chip. Its
size is 1.7 x 1.2 x 1.0 mm and uses wafer level
packaging (WLP). It is shown in size comparison
to the head of a common sewing needle.
Courtesy: MEMSIC Inc. >>

Part 1

James Fennelly

Yongyao Cai and James Fennelly,
MEMSIC Inc., and Roger H. Grace, Roger
Grace Associates

Introduction
The electronic system designer is truly fortunate when it
comes to specifying a sensor to optimally satisfy a specific
system function. This results from the myriad of sensor
technologies that currently exist to measure the various
parameters to meet the system’s design requirements. This
applies to accelerometer and gas flow sensors. This article
will address the topic of acceleration. The gas flow sensing
article will appear in the next edition of this publication.
The ability to make a measurement of shock, vibration and
tilt can be accomplished by several sensor types including
capacitive, piezoresistive, piezoelectric and last, but not
least, heated gas (thermal). All of these sensor types can be
designed and manufactured using MEMS technologies.
When it comes to gas flow measurements, the same
situation exists. Popular gas flow sensing types include
differential pressure, vortex, ultrasonic, Rotometers, hotwire
anemometer. Again, gas flowmeters that operate on the
thermal principle are popular. Differential pressure,
ultrasonic and hotwire anemometer as well as thermal types
can be realised using a MEMS approach.

The advantages of using a MEMS-based approach to sensing are
many and include enhanced reliability due to the fact that there
are no moving parts, small size, high volume manufacturing
capable, low cost, high reliability and high reproducibility due to
their batch mode processing. Their ability to be integrated
monolithically with other circuit functions including signal
compensation/calibration and processing and their ability to be
produced in low cost and miniature wafer level packaging formats
make them the technology of choice for many applications (figure
1). Finally, the choice of the specific type of accelerometer and/or
gas sensor can provide the designer with the optimum solution
for their design based on the fact that various types of sensors
tend to have their optimum performance in measuring different
parameters due to the inherent nature of the technology used to
create the sensor.
Accelerometers: Theory of Operation
In a capacitance MEMS accelerometer, the proof mass is usually an
inter-digitated cantilever beam mechanical structure. This
structure consists of a set of fixed plates, configured as ‘fingers’
attached to the MEMS substrate. The movable proof mass also
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consists of a set of finger plates attached through a mechanical
suspension system to a reference frame. Both the fixed and
movable frame fingers are connected in parallel. The deflection of
the proof mass caused by acceleration is measured using the
capacitance difference value between both sets of plates.
MEMSIC’s heated-gas (thermal) approach for measuring
acceleration is unique and operates on a totally different principle
that involves no moving parts. It uses heated-gas molecules to
detect acceleration using thermocouples. This technique is unique
and patented by MEMSIC Inc.
Unlike capacitance type MEMS accelerometers which use a solid
mass structure, using heated gas and thermocouples as performed
by MEMSIC is altogether different. This approach makes use of a
centrally located resistive heating element to heat the gas
molecules and temperature sensors such as thermocouples to
measure the temperature difference between the time when
there is no acceleration and when acceleration is applied (figure
2). It is also amenable to monolithic manufacturing to include all
the necessary signal conditioning, interface and embedded
algorithm circuitry on a single chip with wafer level packaging to
finish (figure 3). When subjected to acceleration, the less dense
air molecules in the heated gas move in the direction of
acceleration and the cool and denser molecules move in the
opposite direction, creating a temperature difference. The
temperature from one side of the MEMS structure to the other is
proportional to acceleration.

<< ABOVE | Figure 2a: Under zero input
excitation, the heated gas
accelerometer’s heated air ‘bubble’ is
directly above the heater bar and the
sensor structure detects no change in
temperature. Courtesy: MEMSIC Inc. >>

Technical Comparison
Capacitive MEMS accelerometers are the most popular devices in
the market today when it comes to high volume/low cost devices,
however, it does not have the best performance in many
parameters versus the heated gas variety. We will compare from
an overview perspective the performance of this type of
accelerometer as well as with the piezoresistive and piezoelectric
types with the performance of the thermal type as offered by
MEMSIC (figure 4). Additionally, we will provide a detailed
comparison between the heated gas (thermal) and capacitive
approaches. The differences between the operating principles of
both capacitance and the heated-gas MEMS accelerometers are
profound and have important benefits to the end user.
Moreover, the latter method allows for proprietary monolithic
manufacturing. The latter method produces the smallest, lowestcost and highest shock survivability MEMS accelerometers
compared to the capacitance method.
For one thing, the absence of moving parts in the heated gas
sensor makes it inherently more reliable. On average, failure rates
achieved of 10 ppm for heated-gas accelerometers compare very
favourably with capacitance MEMS accelerometer failure rates of
100 to 4000 ppm. Capacitance types are prone to failure due to
‘stiction’, a condition where the moving proof mass fingers stick to
each other and render the accelerometer inoperable. They’re
also susceptible to electromagnetic interference (EMI) since their
sensing node has high impedance. This may be dealt with by
proper shielding and packaging of the accelerometer and its
interface circuit, but that also means more processing complexity
and higher end user costs.
Capacitance MEMS accelerometers also suffer from mechanical
ringing. This requires damping. They also have hysteresis. All of
this translates into custom fabrication processing and higher costs.
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<< LEFT | Figure 2b: For the heated gas
accelerometer under excitation, the
heated gas ‘bubble’ is used as a proof
mass and moves in the direction of the
acceleration. The sensor structure
detects the change in temperature
proportional to the acceleration.
Courtesy: MEMSIC Inc. >>

<< RIGHT | Figure 4: Parametric
performance comparison of Heated Gas
Accelerometer versus alternative
technologies. Courtesy: MEMSIC Inc. >>

<< RIGHT | Figure 3: The ability of the
heated gas accelerometer to integrate
the sensing element with the signal
conditioning circuit on the same chip
(monolithic) provides the
opportunity to use Wafer Level
Packaging technology where a
‘capping’ wafer is used to hermetically
seal the system. This results in
maximizing the reliability and
reducing size and cost. Courtesy:
MEMSIC Inc. >>
They also require more complex readout circuitry than heatedgas types. One area where heated-gas MEMS accelerometers
don’t fare as well is in frequency response. However, for many
applications like a toy being thrown against the wall or a mobile
phone being dropped, this is not much of an issue since the lower
frequency response is more than adequate. The heated-gas
MEMS have a maximum un-amplified frequency response of
~30Hz. Frequency extension circuits have pushed this out to
>100Hz. Also, capacitance type MEMS accelerometers generally
have lower noise densities than heat-gas types. The latter types,
though, can alleviate this by using filtering or averaging to reduce
noise-density to acceptable levels. A major differentiating factor
between capacitance-type and heated-gas accelerometers is the
manufacturing process. The former requires integrating the
sensing element with signal-conditioning electronics, interface
circuitry, and embedded algorithms on two or more chips thus
resulting in higher costs, larger package sizes and lower reliability
levels.
MEMSIC has created a patented monolithic process where the
same chip holds the acceleration element as well as all the
additional circuitry needed including embedded micro controllerbased algorithms. Algorithms are the necessary elements that
create an optimal system solution for the end user, and are often

the means by which MEMS accelerometer manufacturers can
distinguish their products from their competitors’ offerings.
Application Trade-offs
For automotive applications, the heated-gas approach is not as
suitable as the capacitance method because it is bandwidthlimited and thermal noise can be a problem. It does not have the
high-speed (300-Hz) and high-g (100 g to 500 g) full scale range
of capacitance types. On the other hand, the heated-gas
approach is more suited to electronic stability control (ESC), hillstart assist and rollover automotive applications due to its natural
low-pass frequency response providing insensitivity to out-ofband accelerations in the vehicle caused by gravel striking the
frame or other common vibrations.
For some home-appliance applications like washing machines, the
regular, inexpensive and low-mass nitrogen gas normally used in a
heated-gas MEMS accelerometer is not sensitive enough to detect
washer imbalances due to unevenly distributed loads. This gas can
be readily changed to a heavier mass gas for greater sensitivity.
Toys are another example where the heated-gas approach is
superior not the least reason being low cost. We all know that
children handle toys very roughly. A toy withstanding a shock of
50,000 g’s when a toy is angrily thrown at a wall is well within the
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Parameter

Heated gas

Capacitance

Piezoelectric

Cost

Very low
(cents in OEM lots)

Packaged IC size

Very small

Small to moderately high

High

High

Reliability

Extremely high

Moderately high

Extremely high

Moderately high

Sensitivity

Very high

High

High

High

Survivability to shock

Very high

High

High

High

Power dissipation level

Medium

Low to medium

Medium

High

Mechanical shock limit

>50,000 g

About 10,000 g

50,000 g

About 10,000 g

Failure rate

<10 ppm

100-4000 ppm

100-4000 ppm

100-4000 ppm

Resonance error

Undetectable

High

High

High

Hysteresis

Undetectable

High

High

High

Offset temperature
coefficient

Highest

Fair

Fair

Fair

Offset drift

Lowest

Fair

Fair

Fair

Low to moderately high
Moderately high (cents to
(cents to dollars in OEM lots)
dollars in OEM lots)

capability of a heated-gas MEMS accelerometer. As a point of
reference, a 10,000-g shock can be generated simply by banging a
toy or any other product on a desktop.
Conclusions
The availability of heated gas (thermal) MEMS-based
accelerometers provides the system design engineer with a
valuable tool for the measurement of shock, vibration and tilt in
many demanding applications. When compared to the popular
MEMS capacitive accelerometers, they provide exceptional
performance advantages over capacitive as well as piezoresistive
and piezoelectric approaches. However, the system design
engineer must be judicious in evaluating all of the system
requirements before the selection of the accelerometer sensor
technology that optimises the system’s performance. We look
forward to you returning to the next issue of this publication for a
detailed analysis of MEMS gas flow sensors.

James Fennelly is the Business Development Manager for
Automotive and Industrial Sensing at MEMSIC Inc., leading
manufacturer of advanced MEMS accelerometer, magnetometer,
flow and inertial measurement components and systems. He has
over 10 years of experience in MEMS product definition and
product line management. He holds a patent for a programmable
temperature compensated tilt switch. He has published numerous
MEMS focused articles in the US and Germany. He received his
B.S.E.E.T. from the University of Massachusetts – Lowell.
Yongyao Cai is Sr. Director of R&D at MEMSIC Inc., a leader in the
commercialisation of unique MEMS sensors and sensor-based
systems. Since joining MEMSIC in 2001, he has been a MEMS,
Magnetic Sensor and ASIC designer. He is the architect and

Piezoresistive
Moderately high (cents to
dollars in OEM lots)

principle designer of MEMSIC’s award winning AMR-based
magnetic sensors. He is currently responsible for MEMSIC’s
sensor R&D activities including identifying and developing
technology partnership with external partners, designing and
developing MEMS-based sensors, design and process
development for the magnetic sensor product line, ASIC
development and foundry management activities. He received his
B.S.E.E. from Huazhong University of Science and Technology
(China) and his M.S.E.E. from the Ohio State University.
www.memsic.com

Roger Grace is President of Roger Grace Associates of Naples
Florida, a marketing consulting firm which he founded in 1982,
specialising in the commercialisation of MEMS. His firm provides
business development, custom market research, market strategy
and integrated marketing communications services to high tech
clients worldwide. He has published over 20 articles in industry
publications, organised and chaired over 50 MEMS technical
sessions and conferences and is frequently quoted in the
technical and business press as a MEMS industry guru. He was a
visiting lecturer in the School of Engineering at the University of
California Berkeley from 1990 to 2003. He holds BSEE and MSEE
(as a Raytheon Company Fellow) degrees from Northeastern
University where he was awarded the “Engineering Alumni
Engineer of the Year Award” in 2004.
rgrace@rgrace.com
www.rgrace.com
Part 2 of this article will be published in the May/June issue
of Commercial Micro Manufacturing magazine.
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Micro Machining

Abrasive Waterjets
words | Don Miller, Miller Innovations
Introduction
Machine tools based on micro abrasive waterjets
are creating opportunities in the manufacture of
miniature components, particularly in difficult to
cut materials and in material thicknesses which
are uneconomic or impractical to cut using other
machining methods. European companies lead
the world in the building and in the application of
micro abrasive waterjet machine tools, whilst in
America substantial government funded research
is aimed at developing micro abrasive waterjets
with the objective of maintaining the US at the
forefront of the abrasive waterjet industry; an
industry that is growing towards a billion US
dollars per year turnover. This article looks at the
capabilities of micro abrasive waterjets, the
developments that the Swedish company Finecut
AB has carried out to produce an abrasive
waterjet micro machining centre, and research in
the UK to extend the cutting envelope for micro
abrasive waterjets from the current minimum
200 μm jet diameter to 50 μm.

Abrasive waterjets cut by erosion and not as implied by abrasion.
A million or so particles travelling at up to twice the speed of
sound impact on a workpiece per second. The particles
constitute less than 1% of a jet’s volume so they act as isolated
cutting bodies. Water droplets make up 10% or so of a cutting jet
with the remainder air. The water droplets provide extreme
cooling thereby quenching particle impact temperatures, so cut
surfaces are free of heat-related defects. Importantly, particle
impacts do not work harden materials, as occurs with
conventional machining, so that many high technology materials
that are difficult to machine with hard tooling are readily cut.
Overall, cutting forces at a few Newtons and local cutting forces
within workpieces of micro Newtons allow micro abrasive
waterjets to cut delicate materials and composite materials such as
those containing carbon and other high tech fibres.
Nanometre particles travelling at high speed erode materials so
theoretically abrasive waterjets could machine smaller features
than any laser, as minimum laser cutting diameters are limited by
the wavelength and cannot approach what nanometre diameter
particles still erode. However, in the real world we cannot
reliably classify in baulk particles below 10 μm mean diameter,
which in practice means a minimum cutting jet diameter of about
40 μm, see figure 1.
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<< Figure 1: Profile in
50 μm thick stainless
steel, cut with 300
nanometre aluminium
oxide particles in a
40 μm diameter jet. >>

<< Figure 2: Finecut Micro Abrasive Waterjet Machining Centre. >>

As with lasers, the design of abrasive waterjet systems changes in
going from macro to micro machining. In the case of lasers there
is a proliferation in cutting beam generation methods to produce
beams that interact effectively with workpiece materials, whereas
in the case of abrasive waterjets the change is in the mechanisms
for handling abrasive particles prior to their acceleration to
cutting speed. As the cutting process remains the same in going
from macro to micro, the comprehensive CAD/CAM software
developed over 25 years for conventional abrasive waterjets is
applicable to micro machining. For the end user the availability of
CAD/CAM software is of great benefit as it allows operators to
rapidly become familiar with the capabilities of micro abrasive
waterjets without having to spend time establishing cutting
parameters.
Abrasive Waterjets as a Micro Machining Tool
Finecut AB in Sweden was in the fortunate position of being able
to purpose-design an abrasive waterjet micro machining centre
using the best practices adopted for other micro machine tools
rather than following the route of others in adapting technologies
used in building conventional abrasive waterjet machining
systems. High-precision linear drives on the X-Y axis with absolute
linear scales — increasingly the standard on micro lasers, EDM
and milling machines — where adopted to provide repeatability
of 3 μm and accuracies of 10 μm on some materials up to 10 mm
thick.

An important design criterion for the Finecut machining centre
was that it could be shoehorned into machine shops where space
is at a premium and a high standard of cleanliness is required.
This led to a compact, fully enclosed machining centre with a
500 mm x 500 mm x 80 mm working envelope, figure 2. In
addition the high-pressure water pump that powers the centre
can be located remotely to make best use of available space.
With a state-of-the-art Fanuc control system and an intuitive easyto-learn interface the machining centre continues the reputation
built up for conventional abrasive waterjets of being one of the
easiest machine tool to use. This is particularly true when a wide
variety of materials and material thicknesses have to be processed
as there are only a small number of machine set up variables. Data
bases included in the CAD/CAM software relate cut surface
quality to machine parameters, material type and thickness.
Materials Machined
Because any material can be cut by high velocity particles, the
question is what materials cannot be cut by an abrasive waterjet.
The answer is: materials significantly harder than the abrasive. A
limit on abrasive hardness is imposed by the material used for the
focus tube in which momentum is exchanged between a highspeed waterjet and abrasive particles to produce a focused
cutting jet at the focus tube outlet. Focus tubes are made of a
reacted tungsten carbide with virtually no binder, thereby

41 | commercial micro manufacturing international Vol 6 No.2

CMM 6.2 progress_Layout 1 20/01/2014 11:54 Page 42

WATERJETS | ARTICLE

<< RIGHT | Figure 3: Ceramic
structure with voids. >>
<< ABOVE | Figure 4: Parts cut by an
EDM job shop using a Finecut
Machining Centre
(www.jtt.se/vattenskarning.html). >>

<< Figure 5: Test samples in
a variety of materials from
50 μm to 8 mm thick cut
using 80 and 125 μm
diameter cutting jets. >>

avoiding the cobalt in conventional tungsten carbide that is
attacked by abrasive particles. Focus tubes last 50 to 100 hours
with garnet abrasive. Using a harder abrasive, such as aluminium
oxide, reduces focus tube life to an hour or so and is only
economic for high value applications.
Abrasive waterjets cut ductile and brittle materials, combinations
of materials in layers, non-homogeneous materials like carbon
fibre composites and materials with voids (Figure 3). A particularly
beneficial capability is the cutting of compound materials with
polymers vulcanised or glued to metals.
Cut surface roughness similar to that provided by single pass wire
EDM is achieved at cutting speeds 5 to 10 times those of wire
EDM. This high cutting speed, relative to wire EDM, is proving to
be commercially attractive to wire EDM users since high precision,
3 dimensional cutting can be carried out using a wire EDM but for
cuts or parts that do not need the capabilities of the wire EDM a
micro abrasive waterjet can be used. Wire EDM users with an
abrasive waterjet are finding they have substantial new business
opportunities involving parts and materials they previously would
not have processed, such as glass.
Job Shop Services
The biggest challenge that manufactures of micro abrasive
waterjets face is a lack of awareness in industry of the capabilities
and benefits of this machining technology. One of the ways of
helping companies to become familiar with and to exploit the
technology is by providing access to machining services on a
jobbing basis. Finecut operates a jobbing service using a

machining centre with a rotary forth axis. Interestingly, some of
the jobbing applications have been for jewellery and other
personal items including those involving advanced composites
materials.
Future Developments
Finecut AB has recently been acquired by a group of Swedish
venture capitalists who see the substantial market opportunities
for micro abrasive waterjets. New investment is enabling further
development of the current machining centre and marketing
activities to increase the industry’s awareness of the benefits of
this proven machining method. In the UK the author, who is a
shareholder in Finecut, is developing technologies for Finecut that
will allow cutting down to 50 μm jet diameters, Figure 5.
www.finecut.se
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Robert Bosch Places an Order for SolMateS’
PULSED LASER DEPOSITION SYSTEM
olMateS has received an order from Corporate Sector
Research and Advance Engineering of Robert Bosch GmbH
from Gerlingen, Germany, for its PiezoFlare 1200 Pulsed
Laser Deposition (PLD) system. The system is scheduled for
delivery in mid 2013.

S

generation materials. The automated tool offers high yield,
customised deposition of various More than Moore materials.
This technology is regarded as the first major step in MEMS
technology after the introduction of deep reactive Ion etching
and backside alignment.

“We are pleased with this second sale in a short time,” commented
SolMateS’ CEO Arjen Janssens, “especially as this order comes
from a world leading MEMS manufacturer. It illustrates the
industrial interest in our deposition technology.”

SolMateS is a fast growing and ambitious company with 20
employees, located at Science Park Twente, in Enschede, the
Netherlands. As a spin-off of the MESA+ Institute of
Nanotechnology, SolMateS has brought pulsed laser deposition
from lab scale to production level. SolMateS has already been
awarded with several technology and business awards since its
launch in 2006.

The PiezoFlare 1200 is a breakthrough manufacturing technology,
a novel technique to physically deposit different composite
materials. The PiezoFlare 1200 is a deposition system for thin films
on 100, 150 or 200 mm wafers, based on pulsed laser deposition.
The technology uses a laser to create a plasma of the material to
be deposited, enabling industrial quality deposition of new

SolMateS
www.solmates.nl
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The MYSTERY

of Mastery

DUC PHAM | SCHOOL OF MECHANICAL ENGINEERING,
THE UNIVERSITY OF BIRMINGHAM

hile helping me with research for a forthcoming talk on
robotics, my unpaid research team (wife Paulette and
daughter Kim) came across the recent article “Chess
and 18th Century artificial intelligence” by Adam Gopnik, an
American commentator and a staff-writer for The New Yorker.
The article is about the Mechanical Turk, a chess-playing machine
constructed in the late 18th century.

W

The Turk, as the machine is commonly known, seemed able to
play chess against a human opponent. The machine gave the
appearance of possessing perception and reasoning skills, in other
words, what we now call ‘artificial intelligence’. It was able to win
games against many challengers including, purportedly, famous
personalities such as Benjamin Franklin and Napoleon Bonaparte.
Unfortunately, some 50 years after its first demonstration, the
Turk was exposed as a hoax. Hidden in its cabinet, together with
the gears, cogs, pulleys and levers, was a skilled human chess
player who operated the machine. The Turk was not the
automaton that it had been portrayed — and believed — to be.
Mr Gopnik drew a number of observations from the story of the
Turk.
His first observation relates to what he calls “an odd, haunting
hole in human reasoning.” He argues that common sense should
have told the people who watched the Turk that, for it to have
been a genuine chess-playing automaton, “it would have had to
have been the latest in a long sequence of such machines. For
there to be a mechanical Turk who played chess, there would
have had to have been, 10 years before, a mechanical Greek who
played checkers.”
One might dispute this comment as it seems to disregard the
possibility of technological disruption. Such a disruption would
indeed allow the creation of ‘mechanical Turks’ without the prior
invention of ‘mechanical Greeks’. However, it would be difficult

not to agree with Gopnik’s observation that, by and large, people
were fooled because they were looking “for the beautiful and
elegant solution to a problem, even when the cynical and ugly
one is right.”
Here, the “beautiful and elegant solution” is the intelligent chessplaying automaton and the “cynical and ugly solution” is the
human player concealed inside the machine cabinet. Looking for
beautiful and elegant — perhaps more precisely termed
‘sophisticated’ — answers to problems, when simpler (cynical and
ugly) alternatives exist, is a common mistake which I sometimes
struggle to teach novice researchers to avoid.
Perhaps Gopnik’s most interesting remarks concern the so-called
‘asymmetry of mastery’ — the mystery of mastery. People tend to
overrate masters while underrating mastery. In the 18th century,
they were unable to imagine that there could ever be a chess
master small enough to hide inside the Turk. However, it was
chess mastery that was needed of the human operator in the Turk
and highly competent but not champion players were readily
available who could fit in the Turk. The hoax required someone
who was very good at chess rather than someone uniquely good
at it.
Do universities need masters or mastery? As academic life is
about truth and genuine excellence, I would contend that those of
us who are in academia should strive to become masters.
However, we should bear in mind that many of us will have to be
satisfied with being just very good at our subjects, because only
few could reach the status of unique virtuosos. Then, as we are
unlikely to be able to claim uniqueness, in our efforts to master a
subject, it is sobering to remember that, once we have gained that
mastery, we are almost certain to find someone else who is better
than us.
http://www.birmingham.ac.uk/schools/mechanicalengineering/index.aspx
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Micro-machining of PTFE
and Engineering Plastics

• Component diameters
to 0.5mm
• Bore size to 0.1mm
• Wall thickness down to
0.1mm, even on PTFE!
• Tolerances to 0.02mm
• Surface finishes to 0.2Ra
• Component aspect
ratios up to 100:1

Insoll Components Limited: 39 Willbury Way, Hitchin, Herts, SG4 0TW, UK
T: +44 (0)1462 450741 F: +44 (0)1462 421162|micro@insoll.com|www.insoll.com
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NANO TECHNOLOGY AND SOLAR CELLS:

the Industry Goes Organic

Dr. Seamus Curran, Director of the Institute
for NanoEnergy, University of Houston and
CEO of C-Voltaics, Dr. Yorgos Marinakis,
Nikos, University of Twente, Dr. Nigel Alley,
research scientist, Institute for NanoEnergy,
University of Houston, Dr. Kang Shyang Liao,
research scientist, Institute for NanoEnergy,
University of Houston, Dr. Steven Walsh,
UNM Anderson School Regents Professor and
MANCEF Board Member.
he photovoltaic (PV) cell industry grew rapidly worldwide
in 2010. This was due to the exceptionally steep learning
curve that traditional, mostly silicon based, photovoltaic
cells experienced which caused rapid decreases in price and
improved efficiencies. Photovoltaics also got a large boost from
the green movement and smart-grid improvements promoting
many countries and states to subsidise commercial and residential
solar conversions. Now silicon based photovoltaic cell efficiencies
are being captured at the module level and some government
subsidy support is waning, initiating the worldwide solar market
to soften. Finally, economic crisis countries such as Spain and Italy,
big supporters of solar integration, have severely curtailed
support for solar energy.
The result is that the top 10 producers were recently
‘reshuffled’. The EBIT margins of these companies were all
dropping or stabilising, due to the downward price pressure. Yet
between February 2008 and November 2011, polysilicon prices
dropped 93%, making the cost of solar-generated electricity
competitive with fossil fuel-generated energy. The 2010 US solar
module market alone represented $1.6 billion. The solar industry
is at least stable. The solar PV marketplace is still dominated by
Silicon based PVs, however, the industry is turning to other
technologies and other substrates for innovation. Organic PVs may
well prove to be a disruptive technology in the field in the

T

<< Figure 1: The progression from
traditional flat panel OPV on left to newer
vertical organic cells. >>
coming years.
There are four general types of photovoltaic technologies
defined by their substrate technology. Two are considered first
generation solar cells: (1) crystalline Silicon based PV cells and (2)
multi and single junction devices like GaAs. The two other thin
film technologies typified by CdTe based PV are considered
second generation PV. Organic based PV (OPV) is considered the
third generation solar technology. The basis of competition in the
Silicon crystalline PV marketplace is shifting from manufacturing
capacity to price. That is, the industry’s revenue and profit
leaders will shift from those companies that can ship the greatest
volume at any price and quality to those that can produce most
efficiently while improving on quality. It is the promise of OPVs
where the speed of efficiency development and its unique
properties are perhaps becoming more interesting commercially
for nano technology developers.
OPVs can form conformal coatings and its base material is the
least expensive. Yet today they are compromised in translating
charges generated into electricity, which has damped any
commercial appetite. The challenges commercially in the industry
are in part that some companies launched their OPVs too soon
when stability and module efficiencies never went beyond 5%
and are a major concern. The use of morphologically controlled
nano materials and nano thin films is changing this perception. We
are seeing significant advances in champion cell efficiencies. A
champion cell is one which reports an efficiency of a cell whose
dimension is 1 cm2. However, whilst material concerns are very
important, we must also recognise that building OPVs
architecturally in a manner that works for silicon has been a
problem. The field has focused on the material concerns and
quite rightly for where it was over the last two decades.
New nano material based OPVs are ultra-thin, having an active
layer (light absorbing semiconductor) ranging from 40-100 nm in
thickness. Once a thin film becomes too thin, other optical and
indeed commercial hurdles occur since it becomes
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Shay is the Director of the institute for NanoEnergy (INE),
Associate Professor of Physics at the University of Houston
and CEO/Chairman of C-Voltaics, a nano technology and
energy company. He is also a member of the Global Irish
Network, a diaspora group set up by the Irish Government,
and he was named a Tech All Star by the State of New
Mexico Economic Development Department. He graduated
from Trinity College Dublin in 1995 with a PhD in Physics,
served as a postdoc at the Max Planck Institute, CNRS and
Rensselaer, has published over 100 papers and has been
cited over 2,500.
semitransparent. Yet it is a factor that can also benefit
commercially as they could be used on glasses in large buildings.
This is somewhat a white elephant that has been used to bypass
an important technical problem associated with these materials.
Organic nano materials are poor electrical carriers characterised
by low carrier mobilities.
A new OPV architecture is beginning to emerge to address
this. OPVs are being built in a vertical fashion as opposed to a flat
one as shown in Figure 1. In this new case, light is channelled
down vertically through the thin film analogous to the way light
travels in an optical fibre. However, unlike the optical fibre, the
ultimate goal is to absorb as much light as possible.
On the left hand side of Figure 1 the electrodes and active
layers are presented, generally no thicker than 200 nm. The active
layer being <100 nm is illustrated in the centre which is a
bicontinous blend of two semiconductors yielding the bulk
heterojunction, and on the right is a sketch of the vertical arrays
comprising a vertical architecture OPV cell, where the active layer
is sandwiched between glass substrates. The height of the glass
substrates can be reduced to as little as 50 microns, but
maintaining an ultra thin <100 nm active semiconductor layer can
be problematic.
The results in OPV efficiencies are continuously improving, a
7.3% efficiency was recently achieved. Mitsubishi Chemical claims
to have achieved 9.2 % through proprietary technology and
announced a goal of 15% by 2015. The forecast of the OPV
market will be limited by the low power conversion efficiencies of
the technology and will only reach $159m by 2020. Though this
scenario certainly is possible, we think the evidence suggests
alternative much larger forecasts of OPV market scenarios that for
a variety of reasons are at least equally as likely.
OPV technology power conversion efficiency has seen a very
positive trend, for the most part enabled by adapting the
engineering approach applied to silicon PV technology, namely
the multijunction and tandem architectures. Further, the scalable
design and flexibility of OPV cells is simply not available in first
and second generation PV technologies. Finally, OPVs are making
headway in broadening the absorption range necessary to have
higher currents, maintaining the voltage and improving the optical
absorption. If OPVs can achieve champion cell efficiencies in the
size range of silicon based PV modules and at a fraction of the
price, a truly disruptive technology will be realised.

Dr. Steven Walsh
Steve is the Regents Professor at UNM’s Anderson School of
Management. He has many business service awards
including the lifetime achievement award for
Commercialization of Micro and Nano Technology Firms
from MANCEF. He has also been named as a Tech All Star
by the State of New Mexico Economic Development
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magazine as a leader in service to the economic community.
Finally, he is exceptionally proud of the Anderson School of
Management Service to the Community Award.

Dr. Yorgos Marinakis
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attorney and a Technology Entrepreneurship student at
Nikos. He was the main author of the Organic Photovoltaic
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entrepreneurial action.

Dr. Nigel Alley
Dr. Alley is a research scientist at the Institute for
NanoEnergy. He graduated with a Ph.D. from Dublin City
University in a joint program between UH and DCU. He has
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presented his work at international conferences.
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The EUMINAfab Project:

Case study

User details
Eoin Bambury, Crospon Ireland, a medical device company
(www.crospon.com).

About the EUMINAfab
Project
Innovative ideas based on solutions
using micro and nano fabrication
technologies require access not only
to high-end equipment but also the
essential highly skilled personnel. It is
not possible for SMEs or even most
research departments to justify
investment in such a comprehensive
range of technologies and trained
personnel, especially if it is only to
test the feasibility of a new idea or
develop a one-off tool. EUMINAfab
aims to overcome these barriers by
enabling open access to a
comprehensive set of 36 installations
wherein lies the expertise in micro
and nano patterning, thin film
deposition, replication and
characterisation. In an environment of
open innovation the project will be
supported from the first idea through
to completion. It can be accessed
simply by visiting www.euminafab.eu
and submitting an online proposal.
Installations at different locations may
be combined in a single user project.
An example of one such user project
is featured here.

User Request
The User, Crospon Ltd. Ireland, develops leading edge minimally
invasive medical devices. Crospon is developing a solution for
pain-free liquid transdermal drug delivery. One approach under
investigation involves the use of Arrays of Hollow Micro Needles
(AHMN) which, when combined with an appropriate drug
delivery mechanism, are capable of delivering medicament into
the upper dermal layers of human skin. The objective of the
project described here was to produce a prototype AHMN.
The aim
To produce prototypes with a given level of detail that would
allow the User, Crospon, to perform preliminary design studies,
functional tests, proof of concept and product development tests
in order to optimise the AHMN design through fast product
iterations.
The solution — EUMINAfab
There are a few prototyping systems that are suitable for the
quick production of affordable prototype components with submillimetre features. These would be capable of producing
prototypes of the initial design accurately enough (see figure 1).
However, none of them would be able to fabricate a prototype
with the needle already hollowed out. To achieve the final
prototype would therefore require a second step in the process
chain. For this reason Crospon decided to contact the
EUMINAfab infrastructure project to take advantage of the wide
range of master-making and structuring technologies it makes
<< Figure 1 >>
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available. Once received, the
proposal was forwarded to a
technical expert so that the
feasibility of the user project
could be assessed. Having
been approved, the
appropriate member of the
EUMINAfab consortium was identified
to carry out the work — on this
occasion Cardiff University.

The execution
Firstly a series of micro needle arrays was built utilising a rapid
prototyping (RP) device. The Perfactory machine developed by
EnvisionTec allows the production of RP parts by curing layers of
liquid photopolymer. This process is similar to stereolithography
with the exception that the whole cross section of the build part is
exposed and solidified at once. With a
resolution up to 43 micrometres in X and Y
and a minimum layer thickness of 25
micrometres, it is one of the commercial RP
machines with the highest resolution
available today. This system achieved the
requirements in terms of dimensional
accuracy of the needles and sharpness of the
needle tip (figure 2). The process was not
capable of producing hollow needles.
Therefore in a second process step a hole
with a 100 μm diameter was drilled utilising
the picosecond laser ablation system
(figure 3).

EXPLORE
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The results
Prototype arrays of hollow micro needles
(AHMN), where needles were 600 μm in
diameter at base and 1000 μm high, with a
100 μm diameter hole through them, were successfully produced
for Crospon by post processing (drilling) models built on a
Perfactory EnvisionTec system.
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events
Micro Manufacturing Conference &
Exhibits

16-17 April 2013
Hilton Minneapolis, Minnesota,
USA
Commercial Micro Manufacturing readers are
invited to explore the latest technology
developments and meet with leading
manufacturers, industry experts, and suppliers
at the MicroManufacturing Conference &
Exhibits featuring the Medical Manufacturing
Innovation Series, going beyond micro.
Visit the event to obtain insightful information
on cutting-edge technology in the industry,
improve part quality and lower production
costs, gain a better understanding of the
proper techniques and applications that can
be used in daily operations.
Attendees will be able to learn effective
solutions to real world problems, network with
experts and peers in micro manufacturing and
medical device manufacturing and have their
specific questions answered and problems
solved by industry experts.
Visitors in previous years were able to find
solution vendors for nearly every micro
manufacturing and medical device
manufacturing challenge.
The knowledgeable keynote speakers include
Keith Guggenberger, Senior Vice-President of
Operations, Starkey Hearing Technologies,
William Strauss, Senior Economist and
Economic Advisor, Federal Reserve Bank of
Chicago and Dale Wahlstrom, President and

16 17
APRIL

APRIL

CEO LifeScience Alley and the BioBusiness
Alliance of Minnesota and the general
conference topics overview can be found
below. The conference will also include
workshops getting participants up to speed
with the technologies, a poster session and
tours of Starkey Hearing Technologies and The
Nanofabrication Center at the University of
Minnesota.
Conference Topics
Using a combination of general and breakout
sessions, conference topics of interest include:
l
l
l
l
l
l
l
l
l
l
l
l
l

l
l
l

Micro drilling, micro milling, micro turning
Micro injection moulding and micro twoshot moulding
Micro fabrication processes
MEMS
Automation and material handling for micro
manufacturing
Cutting processes: Swiss machining, laser
machining and EDM
Cutting tools: availability, consistency,
quality, and tool life
Process compatibility—integrating with
other processes
Achieving better finishes
Technology updates
How small can you go?
How do you inspect things that small that
have even smaller internal features?
Materials — which ones to use, how to
work with them and moulding methods for
parts that will be micro machined
More accuracy
Reduced cycle time
Where is the technology today and where
will it be tomorrow?

Go Beyond Micro
The Medical Manufacturing Innovations
Series is the place where you can explore and
share solutions in medical device
manufacturing. The focus is on manufacturing
processes and technologies. Gain perspectives
from different applications — how best to use
the tools you have and those you could have.
This special programme focuses on:
l New manufacturing technologies, processes,
tools and validation

l

l
l
l

goods manufacturers and contract
manufacturers
Understanding strategies for overcoming
innovation challenges
Strategies for improvement within the
regulatory environment
Inspection technology, repeatability and
validation.

For more information or to register go to
micro.sme.org

Outsourcing strategies for both finished
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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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