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From 
the 
editor

The early summer issue of
Commercial Micro
Manufacturing magazine is

here, and it comes accompanied
by some long-awaited rays of
sunshine.

I hope that, as in the case of
the warmer weather, the wait for
this issue will have been well worth
it, as we have prepared some great
content for our readers interested
in micro machining, lasers, micro
metrology, MEMS and other areas
of micro manufacturing.

I’m very happy to be able to
present to you an article on micro
extrusion for the medical industry,
from Steve Maxson of American
Kuhne. Bill Hennessey, the founder
of ALIO Industries, has written an
article on laser micro machining
motion systems specifically for this
magazine. Features on material
processing with ultrafast lasers and
vibration measurement during
milling operations complete the
May/June issue’s micro machining
section.

For our readers interested in
micro fluidics, Dr Ulrike Michelsen
and Uwe Kampmeyer have written
a very interesting article on micro
valves. I had the pleasure to talk to
Tomas Bauer of Silex Microsystems

about the new ways in which
technologies so far reserved for
MEMS can now be successfully
implemented in more traditional
applications, presenting
manufacturers with some new and
exciting opportunities. 

Also in the MEMS section,
Roger Grace is presenting MEMS
Commercialization Report Card for
2012, following the report we
published last year. I hope we will
be able to present Roger’s findings
to you every year, so that we can
see for ourselves how the industry
develops.

I would also like to turn your
attention to this issue’s
Commercialisation Corner, in which
Steve Walsh and enabling MNT’s
Henne van Heeren take us to Iran
to explore the country’s
commercial small technology
trends. 

As always, I will be waiting for
any comments, questions or
suggestions that you might have,
and for now, enjoy this summer
issue of the magazine, preferably in
the sunshine, with a cold drink in
your hand!

Aleksandra Wisniewska
Editor
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micro-imaging with 
ease and flexibility
The Optem® FUSION Lens System 
delivers modular versatility 
and streamlines integration

Discover the Q

Now with enhanced 
controller options!
www.qioptiq.com/optem-fusion-lens

Engage Qioptiq for your  
high-magnification imaging  
needs. Call or visit today.

US/Can: 800-429-0257

+1 585-223-2370

Eur: +49 (0) 551 6935 0

info@us.qioptiq.com 

www.qioptiq.com

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

 
 

  

 

 
 

As always, I will be waiting for any
comments, questions or suggestions
that you might have, and for now, enjoy
this summer issue of the magazine,
preferably in the sunshine, with a cold
drink in your hand!
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MICRO MACHINING | NEWS

OpTek Systems, a precision laser micro machining
specialist and global leader in laser processing of

optical fibres, has launched the second generation
of its bench-top tool for termination of optical

interconnects. The LaserCleave is a compact,
production-ready platform designed to maximise
productivity in optical connector manufacturing.

Central to the LaserCleave-1500 technology’s core value is the
elimination of mechanical scribing, which is prone to fibre chips
and hackle, and the reduction of mechanical polishing steps that
are used in the traditional finishing of connectors. Elimination of
operator variability in scribing, coupled with dramatic savings in
consumable materials, labour and polishing equipment leads to a
direct reduction in manufacturing costs. Moreover, the OpTek
laser cleaving process is accurate and reproducible, improving first
pass yields and overall productivity.

The LaserCleave-1500 platform supports a range of tools for
cleaving simplex connectors, bare fibres, and multi-fibre
connectors, including ribbon fibre. “With the rapid evolution of

OpTek Systems Launches 
Second Generation

LaserCleave–1500 Tool

<< Figure 1:
LaserCleave. >>

<< Figure 2: Before cleave. >>

<< Figure 3: After cleave and
polish. >>

short reach and active optical interconnectivity, combined with
continued pressures on factory costs, market conditions definitely
favour next generation manufacturing platforms,” said Duane
Dinkel, President, OpTek Systems US business.

The platform has been adopted by leading optical connector
manufactures throughout Europe, USA and Asia. The second-
generation product provides an enhanced operator experience,
with improved ergonomics, control software and user interface.

The LaserCleave-1500 forms part of a portfolio of tools for
processing optical fibre, waveguides and connectors, offered by
OpTek Systems. Other products in the range deliver advanced
optical fibre processing including cleaving, angle cleaving,
stripping and lensing, and are applied to fibres in a wide range of
applications including high power fibre laser, datacom, telecom,
medical and sensing. OpTek systems can provide these
capabilities as stand-alone manually loaded tools, fully automated
spool to component solutions, or from its sub-contract
manufacturing services in the UK and USA.

OPTEK SYSTEMS 
www.opteksystems.com
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BILL HENNESSEY, FOUNDER — 
ALIO INDUSTRIES, INC. AND ALIO GmbH

MICRO MACHINING | ARTICLE
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Laser Micro Machining
Motion Systems 

Precision laser machining has become an enabling technology
with most industries moving to miniaturisation and improving
product quality with focus on precision and repeatability.
Industries such as micro electronics, micro optics and micro
mechanics have many new applications that are evolving as micro
machining with fibre lasers improve in performance. 

Most equipment markets have integration of several systems with
each sub-system having an evolution path similar to the PC market
where the software and hardware make each other obsolete as
each continues evolutionary progression.  With the emergence of
innovative laser sources, such as fibre lasers and diode pumped
solid-state lasers (DPSSL), and the progress in processing
technology, the legacy motion systems used for years are being
made obsolete since their overall precision and motion profile
performance do not meet today’s laser capabilities. 

Application white papers on laser cutting and drilling mostly
discuss lasers, power, pulsing, material etc. If you look at some of
these results you can see curves and holes that are not circular or
the radius appears with flats or roughness. These irregularities are
not the issue of the laser but an issue with legacy motion systems
typically using ball rail bearing stages and with limited servo
update rate motion controllers where bi-directional repeatability
errors are seen in the part machined. Most fail to discuss the true
disruptive technology which is the motion system that includes
the mechanical stages and motion controller working as one,
integrated with the laser.

Novel lasers integrated with legacy motion systems work well for
research laboratories and some low precision processes but
production systems need to make multiple parts with part-to-part
repeatability and quality. Add to this making these high precision
parts at high speeds such as 20 to 80 hertz and it is obvious that
new motion platforms are necessary.

Beam steering devices such as Galvos can drill holes at very high
speeds if the overall hole precision is not a concern. In some cases
the Galvos still will need a motion system to move the process
into place which can reduce the precision, depending on the
stage products. Traditional trepanning heads have been used in
varying levels of precision depending on the design of the head,
which can be rotating mirrors or two stages. Typically they are
mounted on a one-or two-axis motion system that moves and
positions the head in centre of the feature to be drilled or cut.

<< Figure 1>>

<< Figure 2: ALIO XY Laser Drilling System: 50 micron holes
spaced 100 microns apart at 40 Hz. >>
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<< Figures 3 to 6: Motion systems are also
critical on laser machining complex surfaces

such as stents and miniature flexures. >>
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Legacy stage designs for trepanning heads have bi-directional
repeatability errors associated with many factors in the design
such as motion controller lag, lack of bearing dynamic
repeatability and the overall precision known as 6-D Nano
Precision of stage motion.

ALIO has focused on 6-D Nano Precision for years with its stage
designs, bearings and motion controller technology. 6-D in simple
terms is the ability for a stage to move bi-directional with nano
precision, thus the straightness, flatness, pitch, yaw and roll must
be closely monitored during manufacturing stages to assure that
contouring and drilling produce precise features. The ALIO 6-D
Nano Precision motion platforms from the six axis patent pending
Hybrid Hexapod to monolithic two axis XY stage systems are
designed and built to demanding standards that are novel and are
orders of magnitude more precise than existing legacy stages.
Building a motion system that can position a part or position the
laser head over the part is critical not only to sizing the drives and

the stages for these applications but the integration of a motion
controller that can have  the stage perform to its maximum is
equally important.

ALIO investigation of a standard XY monolithic stage system
drilling holes at varying speeds demonstrated that a circle can be
machined precisely with minimal path deviation without the need
for a trepanning head at very high hertz rates.  Positioning devices
for the trepanning head will need to move and settle before the
trepanning head begins, which reduces drilling up to 20 hertz
from the cycle assuming precise holes is the end result. When we
discuss hole precision it is not only to the relative diameter but
also the roundness of the drilled hole.

>> Continued from page 9

MICRO MACHINING | ARTICLE
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Figure 2 shows that very good results can be obtained with a
standard off-the-shelf ALIO XY Laser Drilling Motion System. With
this approach you reduce the costs of other stages or trepanning
heads while improving the speed/precision ratio. We have
performed tests at many speeds with our standard system and
have determined that up to 40 hertz (precision from less than 0.5
microns to 2 microns depending on the process speed and hole
size/separation) our standard system can drill precision holes
faster than with a trepanning head added to the system. The time
to move and settle with a head on the stages can use as much as
20 hertz while the XY stage can move continuously, and with look
forward motion controllers the path is precisely followed.

The ALIO 3-axis laser processing system supplied to
IPG/Politecnico is an example of ALIO’s 6-D Nano Precision
motion system integrated with a Power PMAC from Delta Tau.
The Power PMAC allows for laser control and laser offsets, which
is most important when controlling the ALIO True Nano motion
system to perform more than an order of magnitude more precise
than legacy motion systems manufactured on the world market.
As seen under high magnitude microscope inspection, the parts
show high dimensional precision, especially with features such a
contouring, spiraling and placing flex members. These parts show

high dimensional consistency part to part with edge quality and
kerf perfection.

In conclusion, laser machining and laser drilling applications have
the same motion challenges as velocity and laser power
integration, repeatable path motion compared to programmed
path and offsets for straight cuts with minimal kerf. All these
parameters are easily handled with the ALIO/Delta Tau System
using CAD file input converted to G-code programming that use
Delta Tau’s forward looking kinematics to assure consistent radius
and corner roundness coordinated with laser power adjustments
to monitoring and maintaining the dynamic path of the motion
system within tens of nanometers of following errors.

ALIO Industries was founded in 2001 with the sole focus of
building the world’s most precise motion systems with unmatched
reliability. Today, ALIO has a dedicated team of professionals
building over 300 standard True Nano Precision motion system
products with 6-D Point Precision for the global nano precision
market.

ALIO INDUSTRIES INC. AND ALIO GMBH     
www.alioindustries.com

>> Continued from page 10
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Ultra short pulse lasers (USP-lasers) are running
ahead. These novel laser sources show, besides
fibre lasers, the most dynamic growth in the field
of new applications and industrial usage. The
successful utilisation of laser sources with ultra
short pulses in the field of laser micro processing
has been shown in the last years. USP lasers
afford an efficient machining for a wide range of
materials with almost no thermal influence,
depending on suitable parameter settings. The
achievable energy density in the focus of the
laser beam even allows for the processing of
materials that are normally transparent for the
applied wavelength (e.g. 1.030 nm). 

For more than 15 years, LLT Applikation GmbH has been an
experienced manufacturing services provider in the field of laser
precision and micro processing for laser cutting, welding, drilling
and micro structuring, and has been known as a specialist in
developing and producing laser precision machining systems.
LLT introduces the new, advanced machine concept microcut
2000 UKP, a flexible system for the integration of USP-lasers. For
the first time it is possible to combine different processes such
as precision cutting, drilling and micro structuring in one system
without time-consuming modification or adjustment effort. The
machine frame is completely based on hard stone (granite),
whereon a high dynamic precision positioning system as well as
a massive portal are mounted. The hard stone ensures the
required stiffness and vibration absorption. An in z-direction
adjustable module for the integration of different processing
optics is located at the portal front. The exchange between
cutting head and scanner is done within several minutes. Images
1 and 2 illustrate the machine concept. The machine is certainly
available with complete laser protective enclosure in approved
LLT design as a laser class 1 system.

A multi-coordinate direct drive (PMS 200) with a processing
range of 200 mm x 200 mm is applied as X-Y-positioning system.
An air beard planar slide is positioned only by electrodynamic
field forces (interaction between permanent magnets and
energised coils). Any kind of mechanical bearing as well as
actuation and coupling components become useless. The
positioning accuracy in x- and y-direction is achieved by an area

LASERS | ARTICLE

MATERIAL PROCESSING WITH ULTRAFAST LASERS —

MACHINE CONCEPT
and Application Results

<< Image 2: Machine concept
microcut 2000 UKP with cased

portal and scanner. >>

<< Image 1: Machine
concept microcut 2000 UKP

with opened portal and
cutting head. >>
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scale (resolution: 50 nm) arranged
directly under the object-level and the
dynamic of the position controller.
Analysis proved a path accuracy of ±1
μm, even at high process velocities.
Different securing and fastening holes in
the base plate of the slide enable the
mounting of specific equipment as well
as a high dynamic rotation axis for tube
processing.

A speciality of the microcut 2000 UKP is
the huge portal, which provides enough
space for different lasers and additional
components. The beam output is aimed
to the back. The laser beam is led to the
portal front along with two optical
benches and two mirrors. Thanks to this
long optical path it is possible to integrate beam-shaper and -
expander, polarization elements, frequency multiplier and much
more. At the portal front, the beam is deflected downwards and
then laterally into the cutting head or scanner by a mirror that is
located at the moving z-axis.
An absolute novelty in this machine concept is the integration of a
trepanning module (drilling module)  based on piezoelectric
tilting mirrors, which was developed at Bavarian laser centre
(Bayerisches Laserzentrum – blz) in a cooperation project with
LLT. This trepanning module can easily be integrated into the
optical beam path. Image 3 illustrates the available space on the

portal and shows the integration possibilities of different USP-
sources. The prototype plant at LLT is currently configured with
the USP-laser TruMicro 5050 by Trumpf. It operates with 50 W
mean power and a wavelength of 1.030 nm. This laser provides a
pulse energy of 62,5 μJ at a pulse length of approximately 6 pico
seconds and a maximum repetition rate of 800 kHz (also 250 μJ at
200 kHz are possible). But finally, the customer decides,
respectively the customer-specific task, which laser is required for
the aspired application.

>> Continued on page 14

<< Image 3: View on top of microcut 2000 USP with four different
radiation sources (Tangerine, Fuego, D2.fs, TruMicro5050). 

The machine base is hidden. >>
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<< Image 4: Result of a feasibility study for precision
cutting of  fibre reinforced materials (smallest hole
diameter in this picture: 500 μm). >>

Results
Promising results were achieved at the intern application
laboratory at LLT with the mentioned performance
characteristics of the novel machine concept and the
Trumicro5050. Fibre reinforced materials (FR4- and HGW-film)
as well as plastic materials (Kapton- and FEP-film) were cut
without any thermal damage and with high effective process
speed. An example of laser cutting a fibre reinforced material is
shown in Image 4. Brittle and high-melting materials like
tungsten- and molybdenum-alloys could be processed with a
significantly reduced heat input compared to a fibre laser at the
same process speed. It is possible to structure and drill ceramics
and different technical glasses very effective and mild. With the
trepanning module, developed at blz and extensively tested at
LLT, it is possible to achieve highly accurate circular bore holes
with high aspect ratios and adjustable flank angle. Due to the
novel setting with two 2-axis piezoelectric tilting mirrors and a
self-developed real time controller by blz it is also possible to
create complex bore-hole geometry. A photo (light microscope)
of a test piece as well as SEM-pictures of circular, square, star-
and cross-shaped bores are shown in Image 5.

Laser cutting and drilling with a cutting head as well as cutting
and structuring processes with a scanner are meanwhile
numerous applications in different industries such as medical
engineering, micro fluidics, micro mechanics, tool industry, aero-
and astronautics, and automotive. Thereby, the important role
of USP-lasers for nonthermal material processing becomes more
and more apparent. 

LASERS | ARTICLE

<< Image 5a: Complex
bore hole geometries in

200 μm and 300 μm
thick stainless steel

(1.4310). >>

>> Continued from page 13
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<< Image 5b: General view with light
microscope. 

Image 5c: SEM-picture. Circular bore
holes d = 200 μm, web width = 25

μm; Star-shaped drill with 3 cogs . >>

<< Image 5d: Squares with
lateral length = 200 μm and web

width = approx. 30 μm; 
Image 5e: Crosses from

combination of two rectangles
90° rotated to each other. >>
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LASERS | ARTICLE

ROFIN has introduced the new StarFemto FX,
paving the way for cold laser material processing in

a fast-growing field of applications. The new
ultrashort-pulsed laser source completes ROFIN's

femto to short pulsed laser product lineup, now
consisting of StarFemto FX, StarPico and PowerLine

Pico. The lasers will be integrated into the
manufacturer's market-leading turnkey solutions,
notably the modular processing system MPS and

the fine cutting workstation StarCut Tube.

A wealth of experience with industrial ultrashort-pulsed
laser applications
Ultrashort-pulsed laser processing never is an end in itself.
Following its philosophy as an open minded consultant, ROFIN
always compares the benefits of femto- and picosecond lasers for
a certain application against conventional beam sources. ROFIN
has been evaluating and realising industrial pico- and
femtosecond laser solutions for more than eight years now. Since
then, numerous systems have been installed and the application
range was significantly expanded from the medical device market
into many other major industries.

The demand for ultra-precise material processing tools for
miniaturised components is rapidly growing. But frequently,
processing of minuscule parts made of alloys, ceramics or
polymers is difficult and implies a high risk of unwanted damage.
Ultrashort-pulsed lasers cut, drill and structure virtually any
material with micron-scale precision and without any thermal
damage, i.e. no burr and recast. This allows to realise previously
impossible features and reduces post processing to zero or an
absolute minimum.

Unmatched pulse peak power and flexibility
The new StarFemto FX offers a stabilised pulse energy of up to
200 μJ, which results in a pulse peak power of up to 660 MW.
Pulse repetition rate ranges from single pulses to 1 MHz. With an
adjustable pulse width between 300 fs and 10 ps it covers the
entire femto- and picosecond regime used for material
processing. The laser source comes with a fundamental
wavelength of 1030 nm. First and second harmonic wavelengths
of 515 nm and 343 nm are available as an option. Therefore there
is virtually no restriction on material choice.

Next generation material processing tools
With StarFemto FX, StarPico, PowerLine Pico and the X-Lase
products, ROFIN offers a complete product-lineup of ultrashort-
pulsed laser sources and turnkey-solutions combined with a
wealth of application experience as well as worldwide after-sales
support. With their unprecedented precision and processing
quality, ultrashort-pulsed lasers are perfect tools for innovative
applications in the electronics, semiconductor, micro technology
and medical device manufacturing industry. All systems are
designed for tough industrial use (24/7).

800 Picosecond Short Pulsed Laser for Marking and Micro
Material Processing
The new air-cooled PowerLine Pico completes ROFIN’s ultrashort
pulsed laser lineup (besides StarFemto and StarPico). The laser is
available in two configurations: as an all-purpose laser source and
as laser marking solution.

<< Figure 1: The StarFemto FX
allows precision and acuteness in
laser material processing without

thermal damage. >>FEMTO TO
SHORT PULSE:

New Precision in
Industrial Production
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High processing speeds
With a pulse length of 800 ps and maximum pulse energy of 
40 μJ, the PowerLine Pico is an efficient tool for marking,
engraving and thin film ablation and structuring. The
exceptionally high pulse frequency of 200 to 800 KHz offers high
throughput and allows for maximum pulse overlapping, like
structuring of thin films in solar cell manufacturing with >95%
pulse overlap at 1500 mm/s (Figure 5).

The new laser source features a linear polarised and collimated
output beam with 1064 nm wavelength. Additionally, ROFIN
offers the laser with second and third harmonic wavelength (532
and 355 nm).

Precise and gentle material processing
Compared to nanosecond sources, the picosecond pulse length
significantly reduces thermal damage in adjacent material. This
results in better ablation quality, less surface roughness and
enhanced precision of selective layer ablation. Furthermore, the
shorter pulses significantly help reducing thermal penetration
depth of delicate ablation processes, like marking of silicon. The
new laser source perfectly meets the requirements of various
applications in wafer production, medical device manufacturing
and micro material processing, just to name a few.

Compact all-in-one laser source
Thanks to its compact all-in-one design, the new PowerLine Pico
easily integrates into customer-specific production environments.
TCP/IP, USB and RS 422 interfaces facilitate setup and control. Up-
to-date fibre laser technology and single emitter diodes provide
high overall efficiency.

Excellent material processing quality
ROFIN’s new picosecond laser combines excellent processing
quality and precision with minimum maintenance requirements.
The PowerLine Pico is a powerful material processing tool,
particularly for miniaturised parts and sensitive materials.

ROFIN LASER MICRO
www.rofin.com

<< Figure 3:
Cutting of brittle

materials e.g.
sapphire in any

geometries is also
possible for the

sophisticated
ROFIN Laser. >>

<< Figure 2: The
cutting of

biodegradable
materials e.g. polymer
stents with strut width

of 100 μm. >>

<< Figure 4: Conventional Processing with 30% pulse
overlap at 1500 mm/s and 30 kHz. >>

<< Figure 5: Processing with PowerLine Pico with
97% pulse overlap at 1500 mm/s and 600 kHz. >>
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Chatter vibrations continue to be the major factor limiting the
increase in material removal rates of machine tooling. Machine
tool chatter vibrations occur due to a self-excitation mechanism in
the generation of chip thickness during milling operations.

In milling, structural modes of the machine tool-workpiece system
are initially excited by cutting forces. Surface finish profiling due
to oscillatory excitation left by a section of the tooth is
subsequently removed by the incoming and advancing cutting
tooth surface, which causes increased structural vibrations. This
self-excited cutting phenomenon can become unstable, and
chatter vibrations grow until the tool jumps out of the cut, ruins
the expected surface tolerances and can even break under
excessive cutting forces.

High speed machining is a widely used process in the aeronautical
industry to machine low stiffness structures with thin walls and
floors where high tolerances are required. Machining of these
types of structures may experience regenerative lateral vibrations
for some cutting conditions. The inherent nature of variable
dynamic conditions of these milling and machining processes are
likely to be the culprits by which the finished parts exhibit poor
surface finish and lower productivity of those manufacturing
processes. Stability lobes diagram methods are common
techniques that use dynamic information to define stability
regions in which it is possible to find the appropriate and desired
combinations of machining parameters. With this technique, the
experimental Operational Frequency Response Functions (OFRF)
and regular FRF are required to feed the Enhanced, Multistage
Homotopy Perturbation Method (EMHPM).
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Comparison of Laser Vibrometry and Existing Measuring
Methods
It is well known that accelerometer mass load on heavy structures
has negligible influence on dynamic measurements. However,
those effects are not negligible when the workpiece mass is small.
Since the accuracy of the OFRF directly affects the stability lobes
diagram, it is important to study the accelerometer mass loading
effects over the stability diagrams to predict accurately the
dynamic behaviour when milling thin walled parts.

In order to study accelerometer mass-loading effects on thin
walled structures, we performed several impact tests at different
locations over aluminum 7075 thin-walls (1 x 35 x 50 mm) and
collected the corresponding FRFs by using a 0.6 gram
accelerometer. We repeated the measurements using a Polytec
CLV-2534-2 Compact Laser Vibrometer that allows dynamic
measurements without adding mass to the workpiece. The dotted
lines shown in figure 1 represent the frequency response
functions acquired using the accelerometer and Laser Doppler
Vibrometer (LDV) under the same conditions.

Figure 1 illustrates significant differences between the FRF
functions obtained by using the accelerometer and the laser
Doppler device. The laser vibrometer without the accelerometer
attached captures two fundamental vibrational modes with peak
values at 1105 Hz and 1722 Hz. However, the measurements
performed with the accelerometer exhibit the same dynamic
modes but with peak values at 580 Hz and 1366 Hz. These
differences in the recorded FRF spectra were noticed during
experimental tests because of the sound pressure level produced
by the thin wall workpiece. The 525 Hz shift of the FRF value of
the first peak mode is attributed to the effect of the
accelerometer mass.

Improving Machining Techniques:
VIBRATION MEASUREMENT
DURING MILLING
OPRERATIONS

<< Figure 1 >>

<< Figure 2 >>

<< Figure 3 >>
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In order to verify our experimental observations, we performed
measurements by using the LDV with the accelerometer attached
to the workpiece. The results, shown by the dashed line in figure
1, are the same as those collected with the accelerometer. This
experimental test confirmed the accelerometer mass-loading
effects over FRF values, which not only causes a shift of the
frequency value of about 48%, but also changes considerably the
modal damping of the system. In addition, we expect changes in
the calculated stiffness. As expected, the effect of the
accelerometer mass increases as 1 mm thickness of wall material is
removed from the workpiece during the machining processes.

In order to demonstrate the effects of the accelerometer mass-
loading on the dynamics of the cutting processes, we compute the
stability lobes by using the EMHPM for both accelerometer and
vibrometer measurements. The stability lobes plotted in figure 2
are generated for a 1⁄2 inch diameter end mill with two teeth, a
helix angle of 20º, and a radial depth of cut of 0.8 mm.

As we can see from figure 2, the stable depth of cut values on the
computed stability lobes are strongly influenced by the
accelerometer mass load. Accelerometer measurements produce
a shift in stability lobes not only on spindle speed direction, but
also axial depth direction in comparison with vibrometer
measurements. For this reason, unstable predicted cutting
conditions are experimentally explored by means of the LDV. The
beam was aimed on the top centre of the thin wall.

For a 26,500 rpm spindle speed, the maximum vibration
amplitudes were recorded up to 0.3 m/s (figure 3), with a
confirmed stable behaviour through the frequency spectrum
which corresponded to the tool passing-frequency and its
harmonics. On the other hand, an accelerometer-predicted
unstable boundary region was explored by LDV OFRF responses
(figure 4). In this case, the velocity amplitude at 30,000 rpm
reached 0.6 m/s. The frequency domain exhibits a chatter
frequency.

Conclusion
Figure 5 shows a comparison between the modal parameter
values obtained by using both the FRF of the accelerometer and
the laser vibrometer recorded data. It can be clearly seen that an
accelerometer of 0.6 grams attached to the thin wall workpiece
has a significant effect on FRF measurements.

Polytec
www.polytec.com

<< Figure 4 >>

<< Figure 5 >>
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MICRO EXTRUSION | ARTICLE

Micro dialysis catheter tubing is used in sampling very low
volumes of tissue fluid for clinical animal studies and for minimally
invasive implantation in human brain tissue. A brain tissue sample
can be analysed to determine the effect that certain drugs have
on the brain. Single lumen micro dialysis catheter tubing is made
from high performance resins such as Polyurethane, FEP and PEEK.
A typical single lumen micro dialysis catheter tube dimension is
0.15 mm ID x 0.71 mm OD (0.006” ID x 0.028” OD). 

Intravenous (IV) catheter tubing clear with three to six 
co-extruded encapsulated radiopaque stripes is a growing micro
extrusion application, especially in Asia. IV catheter tubing is
made from FEP or PU for in-dwelling purposes. Neonatal IV
catheters can be miniature in size down to 26GA or 0.64 mm OD
x 0.45 mm ID (0.025” OD x 0.018” ID).

Micro Extrusions Applications
Neuromodulation is the treatment of chronic pain related to the
central nervous system by electric stimulation therapies. Typical
applications involve spinal cord stimulation, deep brain
stimulation and bladder (sacral nerve) stimulation. Very fine lead
wires are jacketed with an ultra-thin wall thickness of ETFE or PFA.
For instance, a 0.1219 mm (0.0048”) diameter titanium alloy wire
is jacketed with ETFE with a wall thickness of 0.0254 mm (0.001”). 

STEVE MAXSON, VICE PRESIDENT — 
EXTRUSION SYSTEMS, AMERICAN KUHNE

The need for micro technologies in
applications such as neurovascular

intervention, micro dialysis and specialised
catheters for neonatal patients has led to

requirements for micro extruded products.
In addition, increased developments in

formulations consisting of bioresorbable
polymers and pharmaceuticals ingredients

have led to the need for micro extrusion
systems that are specifically designed for

processing very low volumes of high
performance polymers and formulations

down to 125 grams/hr.

<< Figure 1 >>

ADVANCES AND
CHALLENGES 

in Medical Micro Extrusion Technology
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Micro filaments for sutures are micro extruded from
biodegradable polymers such as PGA and PLLA
that absorb into the body over certain amount after
they are implanted and thereby eliminating the
need for a secondary surgical procedure. A typical
micro filament size is 25 μm (0.001”) in diameter with
multiple filament strands exiting the spinneret
filament die (see figure 2).

Multi-layer micro extrusion is a coextrusion
application where multiple polymer materials are
used to increase the performance of the medical device. The
need for device manufacturers to improve physical properties
while simultaneously reducing the product’s outer dimensions to
aide minimally invasive surgery has led to an increased
requirement for micro extruded, multi-layer tubes. For instance, a
multi-layer balloon tube may have improved physical properties
such as increased burst strength as compared to a similarly sized
single-layer balloon tube.  

The growing interest in hot-melt extrusion for pharmaceutical
applications is an ideal match for micro extrusion. Small batch sizes
of very expensive granular formulations consisting of a
bioresorbable (PLA/PGA) carrier and drug ingredients are
typically extruded into filaments. The small batch requirements
lend themselves well to low volume micro extruders that protect
the molecular weight of the extruded formulation by minimising

<< Figure 3 >>

<< Figure 2 >>

the residence time and exposure to excessive heat in the machine.
Pharmaceutical extruders also require very stringent good
manufacturing practice (GMP) requirements that involve the
maximum use of stainless steel, special material selections and
surfaces that come in contact with the product must be smooth
and without any raised or recessed points where materials can be
trapped. The machine must also be easy to clean and disinfect
with rounded surfaces to permit complete and thorough cleaning.

>> Continued on page 22
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Residence Time and Physical Properties
For most micro extrusion applications, conventional size extruders
such as a 19 mm (3/4”) and 25 mm (1.0”) machines are not ideal
because the long residence time in the barrel and screw channels
will degrade the extrudate. Comfortable extruder screw speeds
for medical and pharmaceutical applications are in the range of
5-50 RPM. As seen on residence time curve, residence time for
any extruder is close to linear within this speed range and it is
exponentially higher when running the extruder below 5 RPM
screw speed, which can have a damaging effect on the physical
properties of the polymer.

Micro extruders allow for a short residence time in the barrel,
which helps to minimise thermal degradation especially
compared to traditional size extruders running at very low
screw speeds. A shorter residence time protects the molecular
weight of the material and ultimately the physical properties of
the end product that it is used in. This is especially important
for developers of medical devices, dissolving oral dosage forms
and drug-eluting devices.

As seen on the residence time vs. extruder size chart (figure 5),
the residence time of a 25 mm (1”) extruder at a given output rate
of 2.8 g/min is five times the residence time of a 12 mm micro
extruder.

Micro Extrusion System Design Considerations
Micro extrusion applications create an opportunity as well as
technical challenges for extrusion system manufacturers.

The biodegradable polymers such as PGA and PLLA are heat
sensitive and will degrade with elevated temperatures. Processing
these formulations is very similar to processing polyesters in the
sense of needing high extruder torque. Special attention is paid
to the proper motor sizing and/or screw speed setup to avoid
utilising elevated barrel settings. In some cases, biodegradable
formulations will process at very low temperatures resulting in an
increase in torque, which could result in screw breakage.
Therefore special high strength stainless tool steel materials are
often used for micro extruder feed screws.

Properly designed micro extruders feed and process granules and
standard size pellets. However, it is a good manufacturing practice
to test hard to feed polymers and formulations in a laboratory
setting so that the feed geometry and screw design can be
optimised. Micro pellets are advantageous from a feeding and
process standpoint but they defeat the purpose of using a micro
extruder in the first place because micro pellets require a
secondary pelletising process, which exposes the polymer to an
additional heat history and therefore reduces the molecular
weight of the polymer.

Most polymers that are processed on micro extruders, such as
PEEK, Polyurethane, Pebax, PLLA/PGA and Nylons, are
hygroscopic (absorb moisture from the air) and require stringent
drying before processing. For instance, most polyurethanes are
ideally processed with 0.05% of water by weight (0.02% for
Aromatic based polyurethanes). Excessive moisture reduces the
processing window and may degrade the polymer.

<< Figure 4 >>

<< Figure 5 >>

>> Continued from page 13
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Most micro extrusions require a
low level of water quenching.
However, micro wire jacketing
applications often do not require a
cooling bath because the wall
thickness of the jacket is so small
that cooling via ambient air is
sufficient. Some micro filaments are
also air quenched rather than
water quenched. Micro tubing
often requires a short water
cooling bath. A traditional vacuum
sizing tank does not benefit the
micro tube process, but the ability
to control the water flowing out of
the front of the tank with a low
level of vacuum used in
conjunction with an adjustable iris
allows the tube to enter the bath
with uniform water surrounding the
diameter of the tube. This
approach also allows for a very
short gap between the exit end of
the die and the front of the tank.

Pulling and cutting micro extrusions
can be challenging because the
tubing is so small that it has a
tendency to wrap about the belts,
especially soft and tacky micro
extruded polyurethanes and low
durometer Pebax polymers.
Minimising the puller belt contact
surface area is advisable and often
nip rollers are used for this
purpose, especially on filaments.
Cutting micro extrusions can be
difficult because they can have a
tendency to hang up in the cutter
bushings. For this reason it is

advisable to mist certain products with Isopropyl alcohol prior to entering the
bushing to reduce the friction within the bushing orifice. A pneumatic venturi
system located within the upstream cutter bushings can also be used to blow
the product away from the bushings.

Micro extrusion technology continues to present many challenges and
demanding requirements that are being met through creative processing
technology and micro extruder design innovation. 

23 | commercial micro manufacturing international Vol 6 No.3

Patent Pending Hybrid Hexapod ™

The patent pending ALIO Hybrid Hexapod™ is the latest novel motion system from the worldʼs leading 6-D Nano
Precision® motion systems supplier. With over 12 years of innovation ALIO is positioned to exceed todayʼs and tomorrowʼs
precision motion needs with over 300 standard motion products that have no equal for True Nano® precision motion. OEM
applications in Metrology to Laser Processing have distinct advantages over their competition with ALIO motion systems
that offer an order of magnitude less of measurement data uncertainty and sub-micron laser cut precision at a price point
less than legacy stage products. From patent pending planar air bearings to the most precise 6-D Point Precision®
mechanical bearing stages built in the world ALIO delivers unmatched performance and quality. We invite you to discuss
your application with ALIO engineers and see how our 6-D approach to motion can revolutionize your companyʼs products
or part production.

ALIO Industries, Inc.
11919 West 48th Ave., #119
Wheat Ridge, CO 80033 USA
+1 (303) 339-7500

www.ALIOindustries.com

<< Figure 6 >>
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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.  This service 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 details
National Institute for Laser, Plasma and Radiation Physics — Dr
Magdalena Ulmeanu.

User Request
To structure silicon by etching with liquid chlorine, fluorine and
hydrogen based precursors using femtosecond laser pulses. 

The aim 
The user wishes, in the longer term, to be able to nanostructure,
in a reliable and reproducible way, square mm areas of Si surfaces
using femtosecond laser pulses in liquid chlorine, fluorine and
methanol environments. The aim of the work described here was
to establish what the appropriate parameters would be in order
to achieve that. The process variables such as laser power, laser
repetition frequency, overlapping of the scanned laser lines,
appropriate focal point for each of the liquids, will have to be
optimised and understood in order to make this type of ultra-fast
processing technique reproducible. The nanostructured areas on
Si surfaces being produced by this process will be used as
biological scaffolds. The areas created by the laser processing will
be transferred, by replication processes, to biocompatible
polymers for use in medical applications.

The solution — EUMINAfab
The user, Dr Ulmeanu, submitted a proposal to the EUMINAfab
infrastructure project to take advantage of the range of micro
manufacturing technologies and expertise available. Once
received, the proposal was forwarded to a technical expert so
that the feasibility of the user’s project could be assessed. Having
been approved, the appropriate member of the EUMINAfab
consortium was identified to carry out the work — on this
occasion Xabier Bazan of the Ultra Lab at TEKNIKER.
Having established contact, a more detailed proposaI of the work
to be carried out was agreed between both parties. With these
initial discussions concluded Dr Ulmeanu arranged to travel to
TEKNIKER in Spain to be able to be on first hand whilst the work
was carried out — all covered by the EUMINAfab infrastructure
offer.

The EUMINAfab Project: 
Case study

<< Figure 1 >>
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after line.

The results
1x1 square mm areas, with a relatively uniform topography were
achieved. 4x4 square mm areas were also created. These areas will
be used as biological scaffolds and to study the topographical
response of the cells. 

SEM and contact angle measurements were carried out and the
results are shown in Figures 1 to 3. The images illustrate that we
have achieved large processed areas of Si. The 2D Fast Fourier
(2D – FFT) analysis indicate an order area, with periodicity of the
order of 400 nm (on X scale) and 230 nm (on Y scale). The
contact angle measurements indicate a change of the contact
angle from 65º (unprocessed Si) to 38º processed Si. Raman
Spectroscopy measurements indicated that the Si has become
porous, but with no significant difference in porosities being
observed when the different liquid precursors were used.

EUMINAFAB | CASE STUDY

The execution
The work carried out during a ten day stay at Tekniker was
divided into two stages: 

1)  Identifying the right pulse duration for this type of 
processing,

2)  Establishing the right scanning parameters to create large
size areas. 

To achieve the first stage, we have employed both an IR (1064
nm) and UV (355 nm) 15 picosecond laser and an UV (400 nm)
90 femtosecond laser. Experiments were carried out in a liquid
environment, i.e. chlorine, fluorine and hydrogen-rich
(methanol). The best pulse duration regime for this kind of
nanostructure was found to be in the femtosecond range. 

A number of trials were made to determine the best laser
scanning pattern to employ in structuring these surfaces. It was
established that the best results were produced by scanning line
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<< Figure 2 >>

<< Figure 3 >>
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The automat for the complete measurement of saw blades and
ribbon sections presented here (figure 1) includes two sensors of
this kind for the 3D measurement of single teeth. Each tooth is
measured from the left and the right side (upper and lower side in
the machine, figure 3), with a short timely distance to exclude
crosstalk. With a measuring field of approx. 2 cm2, distance
resolutions in the sub micron range, and according accuracies, are
achieved. This allows for a precise measurement not only of the
lateral clearance angle, but also of the camber of the tooth flanks.
Moreover, thickness and offset of teeth can be measured. The full
accuracy of the sensors can be exploited for thickness measurement
by measuring a caliper between runs, which allows to compensate
for temperature drifts of the mechanical framework.

The measuring principle is fully scalable, from millimeters
to meters
The 3D measuring head employed are newest generation vision
sensors by GFM. They have built-in intelligence and can be used
for most various control, measurement and inspection applications.

The underlying measuring principle is fully scalable, allowing
sensors with measuring fields of about 1 mm up to over 1 m.
According to layout, measuring times can range from a few seconds
down to fractions of a second. Beneath precision measurement, this
also allows for supervision tasks like completeness checks and
general shape measurement. The sensors communicate by an
Ethernet interface and are easily combined in large numbers, as
they can deliver the readily calculated 3D profile and even complex
form parameters, therefore freeing the control computer from a
great part of workload.

Tooth by Tooth:
OPTICAL 3D PRECISION
MEASUREMENT OF SAW BLADES

The precise manufacturing of tools is an indispensable
prerequisite for optimum machining results. Saw blades, for
instance, are available with higly-optimised tooth and blade
forms, which have to be precisely reproduced. Accurate
measurement is necessary for production control as well as for
further optimisation.

This includes shapes of individual teeth as well as their accurate
sequence on the saw blade, which results in an immensely large
range between the dimensions of the entire tool and the detail
resolution required. The number of individual parameters to be
determined is also very large. With high performance saw blades,
for instance, the accurate reproduction of tooth forms in all three
dimensions must be measured over the entire tooth surface areas.
Only optical measuring technology can deliver the large number
of measuring points required in an acceptable time. Tactile
methods, in comparison, could only deliver a very limited number
of parameters.

The key technology: three dimensional vision sensors
For the measurement of fine surface detail, fringe projection is a
prime method of choice. The projection and acquisition of stripe
patterns from different viewing angles allows for a triangulation of
all surface points, similar to laser line scanning, but simultaneously
for the entire surface. An important improvement with this
method is the exploitation of stripe flanks for improved
triangulation accuracy: digital projectors and cameras allow to
generate and measure ‘gray value’ gradients at extreme accuracy
and deliver an improvement in triangulation and distance
resolution by up to two orders of magnitude.

<< Figure 1: Automatic saw blade measuring machine by GFM. >>
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Due to their functional
principle, the 3D
sensors are less
optimally suited for the measurement of two-
dimensional shapes, or silhouettes. Therefore, an
additional 2D camera sensor was integrated into
the machine. As usual for such sensors, it has a
telecentric lens. With such a lens, object rays are
not running concentric, but approximately
perpendicular to the very large lens
plane and to the — relatively smaller —
measuring object. This allows for a most
accurate measurement of the lateral
tooth shapes.

The measurement requires little
preparation and runs fully automatic
The measurement is prepared by
inserting the saw blade into the CNC
operated transport carriage. A rear
bedstop provides for a proper pre-
alignment of the teeth row. The saw blade is then
held down on the carriage by two or three rubber
armed clamping appliances.

The carriage then proceeds into the measuring
chamber in the central part of the machine, and
stops there, controlled by the 2D camera. The first tooth is now fine
positioned and measured.

Controlled by the camera image, the saw blade is advanced tooth by tooth. A
little later, the first teeth are reaching the 3D sensors (figure 3) and are
measured by them simultaneously. The assembly of 2D and 3D data is
performed in the central control computer, according to the exactly acquired
carriage position data. The central computer also controls the operator
console and display in the left part of the machine.

The measurement requires just between two and three seconds per tooth,
which results in comfortable total measuring times even for larger objects.

A detailed protocol completes the
measurement
For the first time ever, this allows for a
complete acquisition and control of
the entire, complex form of a saw
blade. This proves to be a valuable,
powerful and effective tool not only
for quality assurance in production,
but also for the ongoing optimisation
of products and manufacturing
processes.

The vision sensor technology
presented here recommends itself
for a multitude of similar measuring
tasks, not only but foremost in the
tooling industry.

GFMESSTECHNIK GMBH
www.gfm3d.com

<< Figure 2: CNC
carriage with

bedstop and clamps
for saw blades. >>

<< Figure 3: Saw blade and
lower 3D vision sensor

(projection light from the
upper sensor).  >>

<< Figure 4: Evaluation. Top image: database view of
raw data. Middle image: overview of the numerous

parameters to be determined. Bottom image:
topological analysis of a single saw tooth.  >>
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But is not all down to the cost of the system and this doesn’t
always reflect on the accuracy you can expect to achieve. It’s all
about what we are trying to measure.  Investing in a good optical
measuring microscope could allows us to measure those small sub
ten micron accuracy features, AND save our budget, without
having to compromise on accuracy. 

As the components on our books get smaller and smaller, CMMs
are becoming less efficient, not only because they struggle to
measure features quickly with cumbersome probes, but because
they don’t allow us to inspect surface features or provide that
important non-contact measurement, absolutely pivotal to critical
components such as medical devices.

Optical measuring microscopes allow us to inspect surface features,
which was not possible using CMMs. This is down to the high
magnification, which enables us to inspect features and surface
features that can’t be seen with just the naked eye.  

MICRO METROLOGY | FEATURE

Victoria Laws, Vision Engineering Ltd

In Optical Metrology 
SIZE IS EVERYTHING

Having the ability to inspect surface features during measuring
routines means we can check for surface defects such as the quality
of coatings or machining defects such as burrs and scratches.

Optical measuring microscopes use a microscope-resolution, pure
optical image together with the best image recognition system
known to man — the human brain.  Combined, they provide
highly accurate measurement, particularly for difficult-to-view
components or complex features. The alternative would be to
orientate towards a video measuring system, but even video
systems do not provide the fidelity that can be obtained with an
optical system. Even with the higher density chips now available
for video systems, closing the ever-decreasing threshold between
optical and video resolution, video systems will never simulate
what you can see through an optical system. Although the image
quality of the video system is improving with higher density chips,
the chips will always be limited by how small the chips can be by
the wavelength of light they require to produce an image.  
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When we start looking for that all-important
measuring kit, it’s tempting to go for the all-

singing and all-dancing metrology system that
can’t fail but to give the accurate measurement

needed to get that instant pass or fail.  
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Similarly, with an optical image we don’t
need to adjust or calibrate a screen to see
accurate colour rendition, like we would for
a video system, it’s already there in front of
us.  

White balance can also be a problem,
especially if there is a one video system
measuring a catalogue of component parts.
Highly reflective alloys require the white
balance to be finely tuned and if we are not
careful we can spend an unprecedented
amount of time adjusting the camera
controls to obtain a highly defined edge for
measuring, rather than simply using a cross
hair to take out points from what we see
immediately through the use of an optical
system. 

In summary, a good optical system has a
smaller footprint than a CMM and often
costs less too. For those of us looking for
accuracy of sub ten microns and measuring
features that are not always visible to the
naked eye, an optical system is a good
starting point. If we need to inspect surface
features and our critical components are in
danger of deformation, an optical system
should be considered. If in addition to these
factors the components are complex with
little contrast, no easily defined edges, and
colour rendition is equally as important, then
an optical system may be the only option. 

VISION ENGINEERING LTD
www.visioneng.com

As the number of installed laser systems increases, so does the need for local
servicing. LPKF has therefore opened a new repair and maintenance centre
for laser sources in Shanghai that will benefit customers in all of Asia.

In the last five years, LPKF Laser & Electronics AG has nearly doubled its sales
— primarily of laser systems that are produced in Asia. Nearly all of the
systems are in operation 24/7, with the largest number installed in China. Due
to strict customs regulations for high-tech components, it will be more and
more difficult to get replacement parts into the country and also to export
laser sources that are to be serviced. In the end, the logistics outlay is the
customer’s burden — it costs a lot of time and money. 

So, for more effective customer service, LPKF has brought together several
laser specialists and opened a repair and maintenance centre at its Shanghai
location. At its core is a 76 m2 cleanroom. “We thus bypass the strict
requirements for importing and exporting laser components, reduce the
logistics outlay on both sides and can react much more quickly to customer
requirements. Stock holding is thus also reduced, which is a big bonus for a
customers’ total cost of ownership, especially when it comes to expensive
components that have to be serviced regularly,” explained Nils Heininger,
Director of the Cutting & Structuring Laser Business Unit at LPKF.

The cleanroom corresponds to ISO cleanliness grade 8 and is operated
according to the laminar flow principle. A lock with protective clothing
ensures that there is no contamination from outside. Five work stations for
laser repair correspond to ISO cleanliness grade 5 with a maximum of
100,000 ultra-fine particles (≥ 0.1 μm) per cubic meter of air. They are
equipped with laminar flow units. 

In January 2013, the cleanroom opened in its trial phase. Since then, LPKF has
been servicing and repairing laser sources for laser cutting systems from the
PCB equipment product line and the ProtoLaser-U series as well as the
processing units of the Fusion3D laser systems.

CLEANROOMS FOR 
Fast Laser Maintenance

LPKF Opens Maintenance Centre in Shanghai 
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Multi-μ-functional micro fluidic systems are
gaining popularity within the clinical,

environmental and life sciences sectors as a route
to cost-effective screening, monitoring and

testing, respectively. Their manufacture requires
a fully integrated process chain and command of

several cutting-edge micro fabrication
technologies. 

Miniaturisation enables the development of sensitive devices that,
due to their compactness, lend themselves to applications

requiring high levels of parallelisation. At the same time, the use of
appropriate micro fabrication and wafer-level processes in their
manufacture enables high volumes of components (singulated or as
arrays) to be realised at relatively low cost. For these reasons, the
development of miniaturised analytical instrumentation is now a
major aspect of research across many of the applied sciences. 

In particular, there is growing interest in the application of micro
fabrication where aspects of physical chemistry, electrical and/or
optical properties at the small scale can be employed and
combined beneficially in a multi-μ-functional system. Within the
clinical, environmental and life sciences sectors, so-called ‘lab-on-a-
chip’ systems integrate several laboratory functions on a single chip

LAB-ON-CHIP MANUFACTURE REQUIRES COMMAND
OF INTERDISCIPLINARY MICRO FABRICATION 

words | Nicolaus Hettler, Managing Director, CDA GmbH

A Fab for Multi-μ-Functional Devices 
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[1] (Figure 1). Passive and/or active lab-on-a-chip devices that
comprise ‘multi-μ-functionality’ through the use of multiple
technologies can provide a cost-effective solution for clinical
point-of-care and other diagnostics tasks, environmental
monitoring and biochemical/forensic screening applications. 

The benefits of lab-on-a-chip over conventional analysis are
significant, and might be characterised by ‘getting faster results
with less input substance’: less volume, less power, less waste, less
time. The net result of all these factors is faster and more efficient
processing, all at a lower price point, so the possibilities as well as

<< Figure 1:
Micro assembly

of lab-on-a-chip
platforms

(Source: CDA &
Häcker

Automation). >>

the opportunities are significant. 

Micro fluidics in lab-on-a-chip devices 
In order to manipulate the very small amounts of fluids (or gases)
utilised in lab-on-a-chip devices, micro fluidic channels are
employed to enable reliable and accurate transport [2]. Fluids in
micro channels can be transferred using external actuation, such as
through pumping or the application of electric fields. However,
capillary forces alone can induce liquid flow (albeit very low), and
this can be an attractive alternative to the complexity of active

>> Continued on page 32
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actuation. 

The behaviour of fluids at the micro scale can differ significantly
from macro fluidic behaviour, and this can be exploited in micro
fluidic systems to enable, for example, high dpi printing systems
ejecting picolitre volumes of ink, or, equally, high-throughput
screening at the nanolitre volume level using arrayed systems.
More often than not, these types of structures require subsequent
surface modification at specific locations (e.g. within arrays) in
order to achieve the desired functionality and thus enable the
intended analysis. 

Material systems 
Silicon is one established medium for micro fluidic and lab-on-a-
chip systems, largely because of the extensive micro fabrication
‘tool kit’ and associated fabrication facilities readily available for
this material. Glass is then the material of choice when processes
need to be ‘observed on chip’, and where the parts of the system
perhaps also need to provide some degree of optical
functionality (light refraction/diffraction, light guiding, input
coupling, emission outcoupling, etc.). Both materials can be highly
accurately etched and machined to yield the required structures,
are chemically inert, physically robust and massively abundant.
Certain types of glass can additionally be precision moulded,
which aids the cost-effective manufacture of specialised forms at
low volumes. 

Nonetheless, the vast majority of applications are equally served
by various types of plastics, such as polycarbonate, PMMA and
cyclo-olefin-copolymers. These materials provide almost all of the
optical and functional performance aspects offered by glass, but
are additionally lighter, lend themselves to high-volume
replication via injection moulding, and are more cost efficient. 

32 | commercial micro manufacturing international Vol 6 No.3

<< Figure 3: A high
precision micro
optical array
manufactured in
plastic. (Source:
CDA) >>

<< Figure 2: CDA combines various technology
platforms into a single offering, permitting the
development of multi-μ-functional systems.
(Source: CDA). >>

>> Continued from page 31
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<<  Figure 4: Printed electronics can
extend the functionality of lab-on-a-
chip devices. (Source: CDA) >>

The special replication technology allows structure resolution well
below the wavelength of visible light, with positioning accuracy of
around 1 μm. For more sophisticated structures, subsequent
bonding, machining, metallisation, assembly and surface treatment
steps allow the realisation of complex, multi-functional devices. As
many as 40 different process steps can be included in the
assembly of a single device. 

Application diversity through added functionality 
What makes the CDA approach so attractive is not only the
number of available process steps, but also the nature of the
functionality than can be included. The different functionalities
can be combined freely so as to optimise the performance of a
lab-on-a-chip device for the intended application. 

The use of transparent materials means that optical elements
(Figure 3) can be variably and flexibly integrated into a system, for
example for coupling excitation light into and fluorescence light
out of a structure. Surface patterning at the sub-μm level and/or
coatings can enhance specific optical performance. Other coatings
induce specific physical properties: hydrophilic surfaces can be

CDA GmbH (Suhl, Germany) is a specialist manufacturer of micro
fabricated multi-μ-functional solutions in plastic, including (amongst
others) components and devices for micro fluidic and micro optics
applications. The production of high quality μ-functional solutions
in plastic means manufacturing highly complex and functional micro
structures with extreme precision, and doing so very cost-efficiently
under mass production conditions.

Current micro fabrication techniques employed at CDA permit
the manufacture of accurate micro channels with variable aspect
ratios that facilitate precise transfer of liquid flows or droplets
along the channels. Typical channel depths range from 3 μm up to
250 μm. 

Component and system manufacture 
CDA employs a heavily modified mastering and injection-
moulding approach in production, for the realisation of complex
structures as well as multi-step post-processing for subsequent
treatment (Figure 2). Development starts with mastering, making
use of optical lithographic, diamond turning or etching processes
to achieve the types of fundamental structure desired by its
customers. Successful prototyping is then followed by transfer to
volume production, including process qualification for quality
assurance. For the case that masters already exist, these can be
flexibly incorporated into the workflow. 
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used for improving capillary flow of (in particular polar) liquids,
while hydrophobic coatings (for example, using PTFE) can be
used to reduce cross-contamination between arrayed devices. 

Plastic welding can be used to effectively bond and for gas-tight
sealing of specific areas of a device. CDA’s welding process allows
transparent plastic components to be bonded without the use of
optical absorbers, thus minimising contamination issues in certain
critical biological/chemical systems. 

One recent development at CDA is the ability to include printed
electronics (Figure 4) into a device, for example as a circuit of
tracks, switches as well as capacitive and inductive electronic
components. Through a combination of multi-layering and
structuring steps, these elements can be creatively and cost-
effectively integrated onto a lab-on-a-chip system. The process is
capable of high volume, with feature resolution down to 40 μm. 

Development example 
One typical system fabricated by CDA is a micro pillar array
electrospray ionization, or ‘μPESI’ platform [3]. 60 identical μPESI
chips are equally distributed around the periphery of a disc, each
of which has a sample introduction spot connected to a straight
flow channel and ending in a sharp ESI tip. The channel is
embedded with a regular array of micro pillars (Figure 5) that
provide sufficient capillary forces to drive a liquid sample from
the sample introduction spot to the ESI tip without external
actuation. In the platform, each individual micro chip is
surrounded by a hydrophobic coating to stop cross-
contamination, and is additionally fabricated with all necessary
conducting paths for ESI implementation. 

Summary 
Certainly for the clinical, environmental and life sciences sectors,
the goal is the widespread availability of highly integrated
biochemical analysis devices, and cost-efficient lab-on-chip
systems. The vast majority of these devices can be fabricated from
various plastic materials. These materials gain greatly by the ability
to include multi-μ-functionality (optical, electronic and physical)
through the combination of multiple technologies in a single
system. The manufacture of such devices requires an
interdisciplinary and fully integrated approach, and requires
expertise in the fields of lithography-based micro system
technology, micro optics, nano technology and precision
engineering. 

References 
1 http://en.wikipedia.org/wiki/lab-on-a-chip 
2 http://en.wikipedia.org/wiki/microfluidics 
3 http://www.ncbi.nlm.nih.gov/pubmed/21769340 

Nicolaus Hettler is Managing Director at CDA GmbH in Suhl,
Germany. 

CDA GMBH 
www.cda.de 
www.cda-microworld.com 
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<< Figure 5: Micro pillars in
a micro fluidic channel are
used to bring samples to an
ESI tip. (Source: CDA) >>
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Many devices of daily use have valves even if they are not visible
or not known; even the disposable package of coffee beans is
equipped with an integrated valve.

The task of valves is in general to control the flow of liquids or
gases. A more detailed view reveals diverse variations which range
from directing the flow, limiting the flow up to or from certain flow
rates, stopping the flow completely, serving as a pressure relief or as
a venting mechanism and as a necessary element for, most of all,
pumps. The type of the valve can be passive or active. Passive
valves open by differential pressure only, may be induced by a
certain flow rate. The opened and closed state of active valves is
controlled by triggering effects that depend on the type of
application; thus, electronically triggered active valves are just as
possible as pneumatic triggering or any other activation method.

Returning to the coffee bag reveals that the integrated valve is a
passive valve for venting and directing the flow. The valve is used to
let out roast gases that are emitted by the roasted coffee beans
when freshly packaged. Without such a valve the package will
inflate after some days due to the gathering gases. With a simple
hole to vent those gases the coffee would become stale due to the
oxygen of the air. Hence, the valve lets the gases out and no air in.

But how to find such a valve? Opening a catalogue and picking
the valve may be possible for the coffee bag valve as it is
nowadays a known feature for that packaging industry. However,
if you have something new in mind, for instance an optimised
application or an innovating new product, and there is no existing

35 | commercial micro manufacturing international Vol 5 No.5
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MICRO VALVES
APPLICATION SPECIFIC COMPONENTS OR
STANDARD PARTS OUT OF A CATALOGUE?

<< Figure 1: Passive valve principles. >>

words | Uwe Kampmeyer
and  Dr. Ulrike Michelsen,
Bartels Mikrotechnik GmbH

<< Figure 2: Passive valve with no
moving parts based on the Tesla

principle. >>
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industry branch to open a catalogue, you will need to define the
valve yourself. In addition, after that you have to find someone
who is able to bring the specifications of your valve into a
prototype to test and a product to use. Concerning micro valves,
standard products do not exist in many varieties, as they very
often have to be designed for specific applications. This is where
a company like Bartels Mikrotechnik can support you.

A multitude of concepts exist
The number of valves that exist is nearly unlimited. Dividing valves
into passive and active is valid but not sufficient when comparing
them. For each subdivision a further fragmentation is possible.
For passive valves the check valves are the most widespread
version and a lot of different variants exist. Their task is to open
and close a passage for the flow or pressure. The diversification
derived from the application specific requirements. A flap valve
for instance is in general a very flat creation in contrary to an
umbrella valve that requires some height. However, with the micro
technology approach this does not always result in the exclusion
of certain valve types. No moving part valves are typically micro
fluidic solutions. Although Nikola Tesla invented the so-called
Tesla-diodes in 1920 for a fluid pump that was not micro fluidic.
These types of valves do not completely stop the flow in the
reverse direction and can be seen as channel structures with
different flow resistance for forward and reverse flow. Capillary
valves apply the capillary forces to stop liquid flow. As an example
in lab-on-a-chip applications the liquid flows along an empty
channel and stops at the capillary valve. Only if a pressure pulse is
applied to the liquid the capillary valve will be overcome and the
flow continues. These valves can be considered as one-time-
valves as they have no function once the liquid has filled and
passed them.

So each version and variant has its own pros and cons when
comparing them for the use in the specific application. This also
applies to active valves that have even more versions than passive
valves.

As active valves may be equipped with actuators of different
technologies, the comparison always has to consider the
actuator too. Therefore, a fluidic valve setup with a certain
actuator type might be more suitable for the application than
another actuator type.

Mechanical valves are again the most commonly used version
here, yet a wide range of different actuator types exist. Magnetic
actuators achieve in general high strokes and are relatively fast,
but always move from one end of the stroke to the other.

Intermittent positions require more technological effort – and
then resemble an uncoiled stepper motor — the same result is
easier gained with piezoelectric actuators. Magnetic actuated
valves are often used for ‘simple’ on/off applications. Real flow
control like throttling the flow is only possible with pulse wide
modulation that will open and close the valve with a certain
frequency. However, the piezoelectric actuators are better suited
here as voltage levels are directly converted into stroke positions.
Piezoelectric actuators come in many different forms and
dimensions: stacks, bulk material, disc and different strip benders
(so called mono-, bi- and multimorphs). They are designed for
specific applications. For instance stack actuators generate high
forces but low strokes; benders vice versa. The speed of
piezoelectric actuators and the valves is only limited to power
considerations and electronic capability.

Valves with electrostatic actuators are often used in micro
technology-based systems. Forces are quite large but only at very
low distances. They can be shaped in any geometry but are
normally flat. One type of an electrokinetic valve applies the
osmotic effect to allow fluid to pass, though this is rather
considered to be a pump. Thermal active valves can be bimetallic
which requires a heat source to move the bimetallic strip or disc.
As valve states are changed in seconds only these valves are very
slow compared to others. The same applies to thermopneumatic
valves where a closed chamber is heated and the trapped gas or
liquid expands and moves a membrane.

36 | commercial micro manufacturing international Vol 6 No.3

<< Figure 4: Active valve principles. >>
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•Component diameters
to 0.5mm

•Bore size to 0.1mm
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•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

Non-mechanical valves are only present in lab-on-a-chip
applications. Bubble plug valves are based on creating and
collapsing bubbles out of the used liquid. The surface tension and
the gas pressure of the created bubble hinder the liquid to pass.
This effect can be used for a pumping effect when certain channel
structures exist; printers with the bubble-jet technology are based
on this. The phase change of the liquid requires some energy but
can be very fast. Hydrogel and Solgel valves have a polymer
material as an actuator that swells and deflates. They are controlled
by many means such as temperature, light energy, electric field, pH
change or concentration of water, salt or organic compounds. The

polymer can be shaped in any form. Dependent on the control
method and the type of the polymer, the speeds of these valves
differ but reach switching times below one second. Nevertheless
they are nearly always in contact with the liquid. Paraffin valves melt
and solidify to block or free a passage for the fluid. The structures
of the valves have to be designed in a way to retreat the paraffin
into a chamber so that it is not lost with the flow. The speed of
these valves depends on the amount of paraffin and the heat
transition. There are also one-time-valves of these types possible.

<< Figure 3: Examples
of flap or membrane

check valves. >>
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Rheological valves apply the change of viscosity of the liquid to act
as an actuator itself. With certain energy, mostly an electrical field,
the internal structure of the liquid builds chains of molecules that
increase the viscosity. In a small channel this effect leads to blockage
or reduced flow. The valve speed depends on the type of liquid —
typically some special oils — and the electric field applied.

Externally driven valves can be anything as long as the actuator is
kept outside the valve setup, possibly to be removed and
attached again. In micro technology systems this is frequently used
with pneumatic actuated valves where for instance an air pressure
is moving membranes in a lab-on-a-chip. This allows disposable
systems and an actuator for multiple uses. The same applies to
mechanical fingers that move pistons or membranes on the
system. With the external actuator approach, the main
functionality of the valve lies in the control of the actuator.
So as a result a lot more data of the actuators have impact on the
choice of the active valve for the desired application. This has to
be compared and checked and maybe even verified by
experiments.

Identifying the requirements to choose the right valve
If the desired valve does not exist, has the wrong dimensions, uses
a not acceptable actuator or lacks required features a customised
solution will be the only option.

The best way to step into a possible valve development or at least
the verification of what is possible or needs some adaptation is to
define the requirements of your valve. In general, the main
features of the valve are easy to sum up due to the known
application the valve should complete.

However, more characteristics of the valve are necessary in order
to evaluate possible designs and solutions. 

But even with that list of features more information may be
required dependent on the application, the used media or
approximated cost level of the valve. So for instance, the materials
that are in contact with the media have to be compatible.
Aggressive media can destroy or weaken the valve function. De-
ionized water is in principle also an aggressive media as it can
wash minerals out of solid materials. However, destruction of the
sealing materials is not always the ultimate failure. Swelling due to
water absorption can also change the valve behaviour drastically.

An additional feature of a valve is the assembly method. A passive
micro valve can be very small, manual assembly may be possible
but the valve has to be sealed at its final position. Serial
production also requires some considerations. A pick and place

machine has to be able to reliably grab the valve without damage.
The integration of the valve into the production of a system has to
be considered right from the beginning of a development.

An active valve has to align with the rest of the system. Triggering
method, size — mostly of the actuator — and power demands
are always the most crucial especially when mobile applications
come into focus.

A lot more features could be mentioned here; however not every
application area of valves demand answers to all aspects. A simple
rule for identifying your requirements is to sum up the core
demands — consider all interfaces to the later assembly or system
and gather the specifics of your application.
Bartels Mikrotechnik assists with external engineering services
supporting your micro valve customisation. We either offer to
review your existing design for optimisation or a new
development. As the complexity of micro fluidics requires in-
depth knowledge of the specific characteristics of the micro
dimension on the one hand and the available technologies on the
other, we are the right partner for this task.

www.bartels-mikrotechnik.de

<< BELOW | Figure 6: Main requirements
for a valve definition. >>

<< Figure 5:
Examples of piezo

membrane valves. >>
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When and how did MEMS micro manufacturing technology
first become an economically viable alternative to
traditional micro manufacturing technologies?

Exploration of MEMS really started as soon as the IC
manufacturing technologies reached an early stage of maturity.
The earliest commercial pressure sensors built using MEMS
manufacturing techniques appeared in the 1970s, and have been
continually manufactured using semiconductor techniques ever
since. Today MEMS pressure sensors enjoy virtually 100% market
share for the range of pressure sensors they can address. 

These early sensors used bulk silicon etching techniques, coupled
with electronics strain gauge sensing circuitry, to create the
pressure sensor. The same approach was used to create early
generation microphones and accelerometers. The capabilities of
MEMS processing took a dramatic jump, though, in the 1990s
when Robert Bosch GmbH developed and licensed out its ‘Bosch

Every consumer who owns at least a phone, an
iPod or a car is familiar with the common

applications for MEMS that have permeated the
electronic products we use: accelerometers

detecting position and movement, airbag sensors
for crash protection, microphones and cameras
which enable the integration of more functions

into smaller devices. MEMS has enabled a
‘sensory revolution’ which is embedding

environmental awareness into the products and
equipment we use on a daily basis, and we expect
this trend of electronic awareness to accelerate in

the future.  What is less known (or often
overlooked) is the ‘mechanical’ nature of MEMS:

the relation of MEMS to machining or micro
machining technologies and how MEMS can

further transform existing products and
applications. This conversation explores this

aspect of MEMS and how ‘non-MEMS’ engineers
should consider MEMS as a viable and valuable

manufacturing option.

an interview with |Tomas Bauer,
Silex Microsystems
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<< LEFT | Figure 2:
Vertical Through-Silicon
Insulator trench done at
Silex, using Bosch
Process. >>

Process’ for silicon etching. Where the traditional KOH etch
approaches suffered from limitations in etch control, and created
a ‘V’ shape etch (creating lateral sloped walls determined by the
silicon crystal orientation), the Bosch Process allowed deep etches
with near perfect control over the sidewall profile. 

The ability to manufacture vertical trenches of high precision
through hundreds of microns of silicon dramatically changed the
type of devices that could be precision micro machined. And the
ability of MEMS techniques to create virtually any imagined shape
out of silicon is what makes it a true ‘machine shop’ capability at
the micro scale.

What clear business advantages do MEMS micro
manufacturing technologies provide over and above the
benefits of using traditional and more recently emerged
micro machining techniques, such as conventional micro
machining (milling, drilling), laser micro machining, etching,
EDM, ECM, waterjets, lithography and other processes?

Why use MEMS when other techniques are already available to
the micro manufacturer? The answer can come from two
directions: taking advantage of silicon as a material, and achieving
precision and control at dimensions out of reach of conventional
approaches.

Silicon is the most widely used material for MEMS primarily
because the industry’s genesis is in the global IC industry, but also
because silicon has very well understood and desirable
properties for MEMS applications. MEMS wafers are grown to
extremely high quality standards with monocrystalline
composition. This gives MEMS structures excellent, nearly ideal
mechanical properties which translate to high device
performance. Silicon’s conductivity can be controlled to a high
extent, making piezoelectric or electrostatic actuating and sensing
effective to implement and to integrate within an electronics
system. MEMS has metal-like properties and is resistant to many
chemicals. The technologies for protecting silicon against
environmental factors are well understood and established.

<< Figures 1a and 1b: Bulk Silicon etch
using KOH showing lateral slope of

sidewall. (Source: Rochester Institute
of Technology Microelectronics

Department, 2005) >>

>> Continued from page 39
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Modelling of silicon structures has been in development for
decades, and the ability to create accurate physical models of
silicon based structures is well advanced, relative to other
materials. In many cases, then, silicon is the natural material of
choice for MEMS device fabrication.

MEMS can achieve dimensional control and precision beyond the
realm of other micro machining techniques. Because MEMS
leverages tooling which has been designed to carry IC
manufacture into the deep submicron realm, MEMS 3D structures
can be accurately constructed in a controlled and repeatable
fashion down to the micron level. MEMS uses lithography in its
manufacture, but it is process steps like Bosch DRIE, PECVD, and
multi-chamber sputtering systems which allow for finely
controlled patterning, layering, etching and bonding. MEMS
allows micro machined parts to achieve new levels of
miniaturisation without sacrificing accuracy, quality or
manufacturing control.

Because MEMS achieves such small scale, the advantages of mass
production at the MEMS Foundry level become apparent.
Thousands of devices can be manufactured on a single wafer.
Wafers are produced in batches of two dozen wafers at a pop.
Yields are high for a well designed and characterised MEMS
process. As a result, miniaturisation and lower costs are achieved.

What would be the first step in evaluating the benefit of a
transition to MEMS manufacturing technologies?

MEMS technologies allow companies to innovate by taking
traditional products and using them in unique applications. Think
of the commercial gyroscope: 10 years ago, nobody would have
expected to ever own a gyroscope for personal use; now they are
present in every smartphone on the planet, and software
developers continue to develop novel ways that the presence of
a ‘personal gyro’ can be used.  So the first step is always a
question: if this product could be manufactured at one tenth the
size and one tenth the cost, with no loss in quality, where could
you put this product that wasn’t feasible before?

Once the possibilities start to unfold, contact a design house
familiar with MEMS products, or contact a MEMS foundry
yourself: often just a sketch of what micro machining you are
trying to achieve is a great starting point for discussing what is
feasible, what is practical, and often yields suggestions back to the
designer on how to design for a smarter process flow. A full
understanding of the possibilities and unknowns is critical to
defining a successful MEMS program, and for exploring the full
possibilities of what MEMS processing can provide.

>> Continued on page 43
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<< Figures 3 to 5: Examples of
structures that can be micro
machined using MEMS
techniques: micro needles,
vertical pillars, arrays of
hinged, moveable mirrors. >>

Where do you see MEMS-related technologies in five
years' time?
MEMS is still very much a field of rapid innovation. As more
mechanical engineers learn about the possibilities of micro
machining through MEMS techniques, we will see a continued
wave of miniaturisation cutting across many industries. And
MEMS is not just for consumer electronics: in fact, you find
MEMS widely used in automotive, communications, industrial,
scientific, medical or life sciences, personal health, safety,
environmental monitoring, power generation, avionics and
other emerging applications. In five years’ time, we expect
the MEMS foundry business to be a multi-billion dollar
business servicing MEMS and non-MEMS customers alike,
and will truly be the ‘foundry’ to the micro machining
industry.

www.silexmicrosystems.com 

>> Continued from page 41

 CMM 6.3QUARK8_Layout 1  17/01/2014  11:09  Page 42



43 | commercial micro manufacturing international Vol 6 No.3

Introduction
This article provides the results of the recently

completed 2012 MEMS Industry Commercialization
Report Card Study (Report Card). The 2011 Industry
Report Card was previously presented in the August

2012 edition of this publication [1]. 

The Report Card has been published annually
beginning in 1998. For the establishment of the

specific topics of the report card, market research
was conducted on the general topic of technology

commercialisation and resulted in the selection of a
number of critical success factors (a.k.a. topics) that

were considered necessary for successful
commercialisation specific to MEMS and to the

MEMS industry. The report started with nine topics
in 1998 and by 2003 it had expanded to 14 based
on continuous reassessment of the ever-changing
dynamics of the MEMS industry. The purpose of

the report card is to provide MEMS industry
participants with an objective assessment of these

critical success factors over time and to act as a tool
to help them better understand, respond to and
exploit the ever changing dynamics of the MEMS
industry. The MEMS Industry Commercialization

Report Card has been developed not only to help
assess the progress of the commercialisation of this

technology but more importantly to serve as a
vehicle to help guide industry participants

overcome the barriers to the successful
commercialisation of MEMS. 

The Report Card is unique in the technology commercialisation
strategy sector and also to the MEMS industry. It has been widely
published and presented worldwide since its introduction in
1998 and is widely accepted as a valuable tool for MEMS industry
participants to create winning business strategies for their
organisations. 

The Problem
It is interesting to note that
MEMS technology established
vis-à-vis the discovery of the piezoresistive effect at Bell
Laboratories in 1955 by Charles Smith is approximately the same
‘age’ as Integrated Circuit (IC) technology established vis-à-vis the
semiconductor effect that was discovered at the same laboratory
by Bardeen et al. only a few years earlier. More importantly
however, the total sales of MEMS as reported by numerous
groups at the time was approximately 1/25th of the sales of ICs in
1998 at the time of the first Report Card. The MEMS market has
been reported by several organisations to be approximately $10
Billion (US) in 2012 whereas Gartner Research has reported that
that total IC market was $299.9 Billion (US) in 2012
(approximately a 30:1 ratio). Some positive news here is that the
MEMS market has been reported to be growing over the past
several years at a compounded annual growth rate (CAGR) in the
15-20% range where the IC market has remained relatively
stagnant over the similar period. However, the question still
remains: why is there still such a disparity in the market sizes?     

Barriers to Commercialisation / Situational Analysis
The following are considered to have been or currently are some
of the more significant barriers to the successful
commercialization of MEMS:

- The extremely long period of time to commercialise a MEMS
product is approximately 30 years [2].
- Only until recently MEMS has been plagued by the lack of high-
volume applications
- There exists a lack of well-defined direction from roadmaps,
industry standards and industry associations
- Multidisciplinary technology knowledge is required
- Packaging and testing costs typically are at 70% of total value,
however, the focus has been (and continues to be) on devices not
systems solutions [3]
- There has been a significant lack of focus on customer needs
- MEMS device suppliers are technology-centric and exhibit a
technology push versus market/applications pull strategy
- Marketing programmes are either non-existent or are under-
funded and/or ill-planned
- A lack of capital formation opportunities exist, investors are risk
adverse; low IPO opportunity because of small sales volume levels

MEMS | REPORT

BARRIERS TO THE SUCCESSFUL
COMMERCIALISATION OF MEMS: 
The 2012 MEMS Industry
Commercialization Report Card
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specific comments as to the rationale of their assigned grades.
The 67 respondents constituted an 18% return rate versus the
market research industry average of approximately 2% for a
similar study. The collective experience of these 67 respondents
was over 1300 years averaging out to approximately 20 years per
respondent. Certainly this was an exceptionally well-experienced
and well-qualified group of participants also known as ‘experts’.

This research approach, known as ‘Delphi’, is based on having
‘experts’ in their respective fields as the research universe. It
provides the best possible insight into a research topic where a
statistically significant/projectable approach is not feasible. In
comparison, statistically significant studies require a large number
of respondents: 1067 to be able to establish results at a 95%
certainty with errors in the plus or minus 3% range and 384 for
errors in the plus and minus 5% range. As such, it was not
considered a feasible approach for the conducting of this study.

Results
Figure 1 provides the results of the 2012 MEMS
Commercialization Report Card. A direct comparison between
the 2011 grades and the 2012 grades is given in Figure 2. 

of companies with the exception of those addressing
the mobile phone and other high-volume consumer
markets
- Successive ‘bubble busts’ have occurred e.g.
biomems, optical telecom, the results have created
wary investors
- Markets are highly fragmented and diverse, many
small companies, few large players
- Limited ‘success stories’ of MEMS companies; only a
couple of MEMS companies have had IPOs.

However to offset this new market opportunities for
large volume applications have recently emerged in
the following industries: automotive, e.g. gyros, pressure;
consumer e.g. oscillators, magnetometers, microphones, gyros,
accelerometers and displays; point-of-care diagnostics; analytical
instruments; infrastructure monitoring. The challenge is how to
successfully overcome the existing barriers to the successful
commercialisation of MEMS and to exploit these application
opportunities.

Research Methodology
Questionnaires were emailed to the audience of 378 names in the
Roger Grace Associates database who have and continue to play
major roles in the MEMS commercialisation process. These
‘expert’ participants represented a broad range of MEMS
manufacturers, users of MEMS as well as individuals who
represent companies engaged in MEMS infrastructure e.g.
foundries, design software and equipment providers. Academics
were not included in the research universe. The participants
represented a worldwide universe with the majority of the
respondents coming from the US and Europe. The members of
the research universe were asked to rate the 14 critical success
factors/topics using grades ‘A’ to ‘D’ using pluses and minuses
where applicable. Additionally, they were asked to provide

<< Figure 2: The 2012 Report Card established
the continued under-performance of Venture

Capital Attraction, Creation of Wealth and
Marketing. Nine of the 14 critical success

factors remained at their 2011 level. Source:
Roger Grace Associates. >>

<< Figure 1: The MEMS Industry
Commercialization Report Card was created
in 1998 and annually provides an objective
measurement using a market research
approach of the MEMS industry’s
performance against 14 critical success
factors. Source: Roger Grace Associates. >>
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Summary
The 2012 MEMS Commercialization Report Card provided an
overall grade of B- to the 14 critical success factors for MEMS
commercialization. The overall grade did not change from the
grades of 2011 and 2010 (Figure 3). Increasing one grade level
from 2011 were Cluster Development (C+) and Profitability (C).
Reduced grades of one grade level were R&D (B) and Market
Research (B-). A two letter grade decrease was given to Design for
Manufacturing and Test (B-). Nine grades remained constant from
their 2011 levels, which was a rather new outcome from previous
years where results demonstrated a larger number of letter grade
changes. The only subject to receive an ‘A’ was Established
Infrastructure. VC Funding was the only subject to receive a ‘D’.
The grades established that marketing and capital formation
continue to need major improvement and may be critical items in
restraining the industry from realising its true potential. Capital
formation for MEMS continued to be a major problem and has
been significantly exacerbated by the slow emergence of the
economy by the worldwide financial crisis of 2008. Additionally,
most angel and VC investors continue their attitude of being
‘infatuated’ with social media funding opportunities at this time
rather than those which are hardware-based.

I believe that the objective of the 2012 annual MEMS Industry
Commercialization Report Card of providing a valuable tool for
MEMS industry participants to objectively monitor the ‘health’ of
the MEMS industry has been realised once again. I strongly
recommend that MEMS industry participants should embrace the
famous George Santayana quotation from his book “The Age of
Reason” (1919): “Those who forget the past are condemned to
relive it.” The results of the 2012 Report Card should provide
industry participants with valuable information to effectively help
craft their business strategies moving forward.

For a more comprehensive look at the 2012 MEMS Industry
Report Card, I recommend that you visit my website to see much
more information including the extensive verbatim responses of
the participants on each of the 14 topics.
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<< Figure 3: Final grades of
the Report Card have gone

from a low of C+ in 1998 and
in 2008/2009 to highs of B+
achieved in 2000/2001 and

2004/2005. The level has
remained at B- for 2010 to
2012. Thus it has followed

the trend of the health of the
general economy. Source:

Roger Grace Associates. >>
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Commercial Small Technology 
Trends in Iran

HENNE VAN HEEREN | CEO, ENABLINGMNT, MANCEF ADVISORY BOARD

DR. STEVEN WALSH | REGENTS PROFESSOR UNM, MANCEF BOARD MEMBER

<< Figure 1: Parto Negar
Persia Co. >>

Among the recently launched projects are: production of
enhanced power plants filters with nano fibre technology, nano
silica powder with applications in rubber and paint industries,
antibacterial polyamide yarns and pilot-production of nano
membrane filtration. These products are used to purify polluted
water. Most of these products were stated to be produced using
micro based manufacturing technologies. Iran has increased its
scholarly outputs in ranked technological journals in MEMS and
among the recently launched projects are: production of
enhanced power plants filters with nano fibre technology, nano
silica powder with applications in rubber and paint industries,
antibacterial polyamide yarns and pilot-production of nano
membrane filtration. These products are used to purify polluted
water. Most of these products are being produced using micro
based manufacturing technologies. 

Iran has made wide strides in nano technology in recent years. Iran
stood 12th in the 2011 world ranking of nano technology scientific
production with a total number of 2,998 journal publications. In
one decade the number of nano technology papers increased from
eight per year to eight per day. They are improving. Not
surprisingly Iran has risen on most of the nano technology ranking
lists. Today the Iranian government or Iranian firms file about 20
international nano technology patents a year, and many more in the
Iran patent effort. Iran’s effort in MEMS, micro systems or micro
machining is smaller with 421 related journal articles developed
from 2004 through 2013. However we see the same growth with

Iran’s small technology community is moving
forward both scientifically and commercially. The

human capital fuelling the Iranian government
push toward excellences in specific scientific

areas is the 4.1 million students at the
universities. The government is especially

interested in small tech (micro and nano) where
they have greatly improved their funding

scholarly output, patent production and
company generation in the last decade. Some see

the embargo of Iran to be something of a
blessing in disguise, forcing Iran to develop

rapidly all kind of technologies and test it out
and create firms in a shielded environment.
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Iran only producing eight papers in 2004 jumping to 81 efforts in
2012 or a ten-fold increase. 

Iran, like many other smaller countries, is not willing to be on the
outside of the small tech economic development race. Today
their application efforts seem unfettered but they need to focus.
Traditionally countries focus on where their research has acquired
acclaim and where their emerging firms are focused. Here we
focus on the areas that Iran has excelled in MEMS research and
focus on firm development for Iranian nano technology interests.

Iran has produced a number of academic articles on MEMS but
relatively few in the last two years have a significant citation rate.
The six titles of the highest cited papers (at least eight citation and
none with more than 20) in MEMS for the last two years from the
newest to the oldest include:

1) On the mechanical behaviour of a functionally graded
micro beam subjected to a thermal moment and nonlinear
electrostatic pressure
2) A novel bandwidth enhancement technique for X-band RF
MEMS actuated reconfigurable reflect array
3) Chaos prediction and control in MEMS resonators 
4) Static pull-in analysis of electrostatically actuated micro
beams using homotopy perturbation method
5) Effects of viscous heating, fluid property variation, velocity
slip, and temperature jump on convection through parallel
plate and circular micro channels 
6) Dynamic pull-in instability of electrostatically actuated
beams incorporating Casimir and van der Waals forces

Most of the authors’ work provides value in MEMS processes or
component manufacturing.  The one paper focused on a specific
application is X-band RF MEMS. 

Nano technology in Iran is best characterised by firm activity.
Here many feel that the embargo has shielded these companies
from foreign companies. Iran has created a series of nano and
micro equipment suppliers. These include: Nano Systems Pars Co.,
which builds scanning probe microscopy instruments; Toseye
Hesgarsazan Asia Co. manufacturing LPCVD, DRIE and PECVD
manufacturing equipment; Nana Structured Coating Co.
manufacturing thin film coating systems, and many others. Some
like FNP are startups which have come to being in a manner
familiar to many.

FNP is an electro-spinning firm. It produces machines that can
produce filters, among other things. It has sold two of its systems
to industry. The CEO’s name is Reze Faridi. It is approximately a
20-person firm. It was initiated based on research in 2004 as a
university effort. In 2007 it spun out of university and is now
associated with the Imam Khomeini hospital. We provide an
example of the instrumentation being developed for Micro and
Nano applications in figure 1. It is Parto Negar Persia Co.
equipment for animal spectroscopy.
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station of Villars simply adds to the relaxed
atmosphere of the meeting. The conference
will take place on a Monday and Tuesday,
thereby permitting participants that wish to
arrive early to take advantage of the close
proximity of ski lifts or simply relax for a couple
of days in a laid-back Alpine setting. 

A conference dinner on Monday evening at
1800 meters of altitude will add a touch of
local charm.
The event has received excellent feedback
from past participants, notably for the quality
of the speakers, the excellent venue and a
relatively low number of participants. 
A limited number of participants will be able
to attend the event. Don’t miss it!

Registration will open in September 2013.
More information, including the early technical
programme, is available on the conference web
site: www.mam2014.ch.      

Micronarc — The Micro-Nanotech Cluster of
Western Switzerland
C: Edward Byrne
T: +41 32 720 09 00
E: byrne@micronarc.ch
W: www.mam2014.ch 

Commercial Micro Manufacturing is an official
media partner of mAm 2014.

events

50 | commercial micro manufacturing international Vol 6 No.3

19
JAN

20
JAN

21
JAN

Micro Manufacturing Conference &
Exhibits 
19-21 January 2014
Villars-sur-Ollon, Switzerland

Following in the success of the first four
editions, The Micronarc Alpine Meeting
2014 will continue its focus on equipment
for manufacturing micro products. High-
level talks and networking will again take
place in the Swiss Alps.

After four successful editions, the quality and
format of the Micronarc Alpine Meeting has
become well known in the micro manufacturing
community. The two-day technical conference
dedicated to micro manufacturing aims to
stimulate networking and discussions in the
casual atmosphere of Villars, a charming village
and ski resort located at 1250 meters of
altitude in the Swiss Alps. A selection of
handpicked, invited experts will comprise the
programme. A small, table-top exhibition will
be conducted in parallel for those wishing to
promote their company and products. 

The international conference comprises a
single track of sessions (no parallel sessions),
providing participants with an excellent

overview of micro manufacturing
technologies. The limited number of
participants (a maximum of around a
hundred people), from both industry
and academia, is an ideal number for
quality networking and stimulating
discussions over two days. Furthermore,
the idyllic setting in the Alpine ski-
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