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Editorial

E

xperts predict that roughly 54 million people in Germany alone will use a smart phone by the year 2018. The small devices are armed with strong computing power and therefore
constant companion for many people by now. As a consequence,
they have become commonplace within the professional as well as
in the private sector. The leading smartphone operating systems
include iPhone, Android, and Blackberry, and each has an associated app distribution store where individual users can select and
download apps of interest. Therefore, it is hardly surprising that a
wave of digitalization is sweeping the medical markets - particularly
mobile health-solutions like wearables and health apps. They will
revolutionize the healthcare sector and medical treatment.
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Already today software applications are available which can be
downloaded by and run from advanced mobile phones. There are
gadgets for a wide range of applications such as device for mobile
pulse monitoring, ECG device or even as an instrument particularly
adapted to control blood glucose level. Moreover, there are many
additional possibilities like storing reference information and critical data – everything accessible through an intuitive user interface.
It is obvious that the increasing popularity of medically-related
apps suggests that physicians use mobile technology to assist with
clinical decision making, too.
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Consequently, the medical landscape is going to be even more multi-facetted and thus more and more complex. A trend that cannot
be stopped. With the present edition of MED engineering International we therefore list selected articles introducing innovative products of leading medtech-companies in order to inform you about
selected developments both with regards to the software sector and
technical developments. I would now like to wish you inciting reading with many impulses.
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FAULHABER drive systems
Drive systems from FAULHABER are masterpieces of precision engineering and electromechanics. As pioneer and founder of a hightech industry, the drive specialist is among the most innovative companies in Germany. On the basis of its technological diversity, FAULHABER designs drive solutions that are unique with respect to their
precision and reliability in the smallest of spaces – such as the Gyrolab xPlore TM analytical device that automatically tests minute
quantities taken from multiple samples to analyse various types of
cancer reliably and within a short period of time.
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MED Scene
The medical device market is evolving at a rapid pace. Manufacturers
have to ensure that their certified products can be manufactured efficiently to avoid additional costs and to achieve faster time to market.

Moving Forward by Looking
Back – a Different Angle

Risk Free Transition for
Molecular Diagnostic System

Manufacturing for Design
Whatever the initial design, the main goal remains to adapt the
design without compromising the full certification achieved.
In the medical and life science sector, development costs are
very high so any delays or problems during the transition to
manufacture need to be avoided. In this situation „back to the
drawing board’ is not an option. Manufacturers of medical devices will need to look closely at what can be adjusted during
the transition effort.

Tight timelines to get the system to market ahead of the competition and a risk free transition of all manufacturing are critical for success and long term business strategy as is highlighted in the example of a leading Europe based medical
technology company. In order to free up time for its engineering team, the company outsourced all manufacturing and aftermarket services for the device and started collaborating
with Plexus. The E2MS’ design team was faced with a challenge: as is the case with many legacy and in-house designed products, the original design of the molecular diagnostic system
had not been optimised for manufacturing.
Together with the manufacturer, Plexus worked through a number
of areas of design for excellence. They started with the design for
the manufacture analysis that improved the layout of 3 boards,
then they went on to examining the system´s test strategy, which
is to analyse the test sequence to ensure optimal results and determine the right production test strategy for each board.
In addition, the design experts added a level of future proofing
to the medical device through ROHS and obsolescence analysis. All obsolete parts could be replaced while redesigning several boards that means they were able to provide a robust design with ROHS conformity as well as extend the lifecycle of
the diagnostic system. By delivering all certificates of conformance to complete the products documentation file, the customer’s engineering team were saved valuable time.
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Manufacturers of medical devices have to look closely at what can be
adjusted within the initial design without compromising the certification achieved.

Best Practice for manufacturers is to examine the design of
medical devices from a different angle: retrospectively applying the design for excellence mind-set, and and taking it
forward into the manufacturing environment. Design for manufacturing becomes a kind of “manufacturing for design“,
enabling design teams to optimise the manufacturing process, look at cost challenges and identify ways to overcome
them, whilst maintaining the original design that has already
received approvals.
If “manufacture for design“ principles are effectively applied,
it becomes possible to deliver a fully functioning product wit-
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n a perfect world, the manufacturer gets involved in the
concept stage to ensure the best possible manufacturability. In fact most of the time a product design arrives to be
manufactured fully formed with all certification and regulatory approvals in place. Without this early collaboration, the
manufacturer raises the risk of defects and manufacturing issues as well as quality issues, which is – especially in the
strongly regulated healthcare sector – unacceptable.

MED Scene
hin budget and on time. For example: If a leaded part has to
be soldered onto a PCB, the leads need to be „a couple of
zeros“ apart. Otherwise the pads are too close and lead to
the potential for a high number of solder shorts during production. This is apparent to the manufacturer. However, it
is highly unlikely that it has been taken into account in the
design. Consequently limited space is available.

This is particularly true within the healthcare sector with its
expensive and highly regulated process of bringing a new
product to market. Medical devices may remain in service
for many years and need regular updating to keep pace with
change. By implementing the correct “design for excellence“ approach to the initial design, this won’t present ongoing issues.

Reviewing this from a manufacture for design angle allows
an efficient solution to be applied. For example, adding a
solder mask can prevent solder flow between those pads
while specialist inspection after production ensures that
the part does not fail once in use.

Author
Robert Frodl, Director – DACH Region Customer Development
for Engineering Solutions, Plexus

Extending Lifecycles
The successful turning of a design into a manufacturable
product doesn´t stop here.With product lifecycles extending, a level of “future proofing“ is necessary. Future updates can purely be software modifications but others may
require hardware changes. Designers have to consider the
(product) life, as any alterations will also require certification. Even if not utilised initially, projected developments
should be set in place early on, to pass verification and manufacturing tests when the time comes.

CONTACT
Plexus Darmstadt Design Center
Bratustraße 7
D-64293 Darmstadt
Phone +49 (0) 6151377 5500
www.de.plexus.com
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Choosing the right connector and the right
connector company
At CPC we know that connectors need to be
considered early in the process in order to
fulfill aesthetic goals as well as product
performance and patient safety objectives.

Colder Products
Company
Germany
Colder Products
Company GmbH
Ostring 19
D-63762 Grossostheim
Phone (+49) 6026 9973-0
China
Colder Products
Company Limited
Flat B, 29/F, West Gate Tower
7 Wing Hong Street,
Cheung Sha Wan
Kowloon, Hong Kong
Phone (+85) 2 2987 5272
leann.castillo@ cpcworldwide.com
cpcworldwide.com/medical
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And because the connector is usually the
user’s primary interface with the device, it
plays a key role in the overall perception of
the design. Well-designed connectors from
CPC make the medical device easy-to-use
and enhances the overall satisfaction your
customers will have with it.
Cleaner, faster, and safer.
CPC quick disconnect couplings make
medical device connections that are cleaner,
faster and, most important, safer. Whether
your application calls for non-valved or
non-spill, low flow or high flow, reusable or
disposable, our broad range of standard
(including a complete line of small-bore
connections, fittings, and luers) and customengineered components can meet your every
specification.
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■■Cold/Compression Therapy
■■IVD
■■Surgical
■■Patient Monitoring
■■Dialysis

About CPC
CPC has more than 300 employees, operations
in St. Paul, MN, Germany and China, sales
offices in ten countries and more than 200
distributor partners around the globe. CPC
invented the category and to date, has produced
over 10,500 custom and standard products to
meet fluid handling challenges worldwide.
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Gyrolab xPlore TM tests up to 112 probes automatically and parallely, thus saving time, labor and materials.

The analytical device Gyrolab xPlore ™ automatically and quickly runs
tests of multiple samples in parallel, saving time, work force and material. FAULHABER motors provide the speed and precision needed.

Miniature Laboratory
R

esearchers hope that they will soon be able to fight
cancer cells without damaging healthy tissue, thanks
to so-called biologicals. These new active components
spot specific molecular characteristics of abnormal cells and
help to destroy them systematically. A large number of pharmaceutical candidates must be examined to find customized
biologicals for various types of cancers. Gyros, a Swedish company, has developed an analytical device which facilitates the
search: Gyrolab xPlore ™ automatically and quickly runs tests
of multiple samples in parallel, saving time, work force and
material. FAULHABER motors provide the speed and precision needed for handling the tests.
If you saw Gyrolab xPlore in an office, you would probably take
it for a large laser printer. However, lifting the cover reveals a
miniature laboratory. A plastic disk the size of a compact disk
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is located at the heart of the device – this is where the samples
are analysed. This CD contains a system made up of channels,
each with a diameter of less than one millimetre. Capillary and
centrifugal forces transport the samples through the channel
system, analysing them in the process.

Biological agents as weapon against cancer
“The majority of our customers are pharmaceutical companies,“ explains Maria Hjortsmark, Head of Marketing at Gyros.
The companies use the system to test their biologicals. Biologicals are molecules which are too large and complex to be
created synthetically. This is why they are produced by living –
usually genetically engineered – cells, which are cultivated in
nutrient fluid in the laboratory. Most biologicals are proteins.
Cancer researchers have been pinning their hopes on one type
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on or in the blood of test animals and patients. Up to 112 data
points can be generated in parallel using a single CD. Thanks
to the CD microstructures, Gyrolab xPlore requires very low
sample volumes and minimizes reagent consumption. The
sample fluid is pipetted into the wells of a microtiter plate,
which is then placed into the instrument. Inside, the samples
are transferred onto the CD by a robotic arm. They are then introduced into the appropriate channels by a capillary force. Only a minute amount of sample fluid is needed for the test – between 20 and 200 nanolitres, depending on the CD type.

Analytical apparatuses Gyrolab xPlore make an important contribution to the development of biologics to fight cancer.

of protein in particular: antibodies. These molecules are produced by specialized cells of the immune system. They recognize
and bind foreign proteins – for example of bacterial or viral origin
- that enter the body during an infection. Thus, the pathogens
can be eliminated or marked for degradation by phagocytes. The
same principle can also be applied to fight cancer cells.

Detection on CD
Gyrolab xPlore can be used to analyse the new drug during any
development phase – for example, in the cells' nutrient soluti-

The exact volume of the sample liquid is measured on the
CD itself. For this purpose, the channel expands to form a
chamber that is the right size for the required volume. There is a hydrophobic barrier at the lower end, which stops the
liquid from flowing further into the channel. Next, the CD
starts to rotate. The centrifugal force diverts the sample fluid, which is located above the chamber, through an overflow channel. Then, the rotational speed is increased so
that the sample overcomes the hydrophobic barrier and
moves into the next section.
The same principle is used to run wash cycles and add further
reagents to the experiment. The entire test process is fully automatic – each individual step is controlled by the software
included with the device. “Automation does not only reduce

»
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tical companies often found the device a little too large. With
Gyrolab xPlore, Gyros now brings these customers a tailored
alternative.

Precisely controlling electronics and uniform torque allow for pinpoint
positioning of probes on the plastic disk at the ingress of their canal.

the amount of work, but it also minimizes the risk of errors,“
explains Maria Hjortsmark.

Binding according to the lock and key model
The special binding characteristics between an antibody and
its target protein – the so-called antigen – are utilized to detect
the active component. Similar to the lock and key model, antigen and antibody bind very specifically: they invariably recognize each other even among millions of other molecules. To
determine the concentration of an antibody, for example, in
sample fluids, its antigen is closely bound to a short section of
the CD's channel wall. When the antibody passes the antigen
in the channel, it is extracted by the antigen and retained in
the channel. Following the same principle, a second antibody,
which is marked with a fluorescence dye, subsequently binds
to the first one. The dye is then excited by a laser. Detection of
the emitted light is used to determine the concentration of the
protein within the sample – in this case, the antibody.

When designing the new device, developers made sure that it
matches its predecessor in analytical speed. The robot arm
therefore has to be able to transport samples just as quickly
and safely. Unfortunately, the extremely fast stepper motors
which move Gyrolab xP's robotic arm were no longer being produced. The search for an alternative led Gyros to Compotech
Provider AB. “The motors must be very fast without compromising the torque. This is why we decided to replace the stepper motors with powerful servomotors,“ explains Compotech's
Pelle Almgren. The model finally selected was FAULHABER's
BX4 series brushless DC-servomotor with 4-pole technology
and high torque. The motors are equipped with incremental
encoders and, thanks to their compact design, are just a little
larger than the stepper motor used in the previous model. Another advantage is their excellent price-performance ratio.
Gyrolab xPlore contains three servomotors from the BX4 series, two of which have been mounted on a linear table.
They move the robotic arm horizontally to transfer the samples and control the laser's movements during analysis.
The third motor has a planetary gear box, which lifts and lowers the pipetting head. The high-precision control electronics with more than 3,000 position set points and low torque ripple ensure that the samples are positioned accurately on the CD, directly at the inlet of the respective
channel. Equipped with BX4 motors, the Gyrolab xPlore also meets the speed requirements: “Generating 112 data
points takes less than an hour,“ reports Maria Hjortsmark.

Speed for high throughput
Author
Nora Crocoll, Dr. Fritz Faulhaber GmbH & Co. KG

Gyros launched Gyrolab xPlore in 2015. At that time, many
companies were already working with the new device's big brother, Gyrolab™ xP workstation, which is able to analyse five
CDs in one run. However companies with relatively low
throughput rates and small departments of large pharmaceu-

Images: Dr. Fritz Faulhaber GmbH & Co. KG

Author
Andreas Seegen, Dr. Fritz Faulhaber GmbH & Co. KG

CONTACT
DR. FRITZ FAULHABER
GMBH & CO. KG
Daimlerstraße 23/25
71101 Schönaich
Phone +49 (0) 7031 638 0
www.faulhaber.de

Brushless DC servomotors from the series BX4 position biologics probes in the small laboratory.
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Integrated step motor drives for Industry 4.0 compatibility

Stations of a Newcomer
S

ince the turn of the century, the registered trademark “MDrive“ has been synonymous with the integration of control units in step motors. When the
time was right for the idea of integration, other parallel developments were available on the market, but IMS (Intelligent Motion Systems) Inc. was the first company to offer
step motors with directly mounted control units and controllers in series production. Today, the company's distribution partner KOCO MOTION takes a look back and presents
the current development status of the small, networkable
step motors.
Although the third generation of MDrive integrated step
motor drives is already available in the market, most variants of the first generation are still state of the art. In recent
years, developers have improved their product variety for a
broader application spectrum and made them especially
well-suited for upcoming drastic changes in industrial production. Originally designed as simple clock/direction control units, the high-tech motion control system now features high-resolution micro-step, field buses and I/Os, the
MDrives are now Industry 4.0 compatible and best equipped for the future.
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But back to the beginning:

How it All Began
Once upon a time, there was a garage in Connecticut - more
specifically, the garage belonging to David Coutu, who worked
as an engineer at General Electric. His task was to develop a
control unit for GE robot drives. The developer presented a miniaturized control unit module as the result of his work. The
new module was more compact than any other unit in the market. Because the development was so promising, the engineer
decided to market the step motor control unit on his own and
founded IMS (Intelligent Motion Systems) Inc. in 1986.
Three years later the garage had become too small for his staff
of six employees and the company moved into a new facility.
The same year, 1989, David Coutu met his future partner Gerhard Kocherscheidt, who is currently the managing director of
KOCO MOTION GmbH. Kocherscheidt had purchased IMS
control modules through an American colleague. That was the
beginning of their friendly business collaboration. In 2001
David Coutu and Gerhard Kocherscheidt founded IMS Europe
GmbH as the European distribution headquarters for IMS products in Villingen-Schwenningen, Germany.
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The Lexium MDrive is optimally suited for Industry 4.0

The Lexium MDrive is optimally suited for Industry 4.0

MDrive: The First Generation
Among the products to be sold, the first generation of
“MDrive“ integrated step motor drives was also available with
internally developed application-specific integrated circuits,
so-called ASICs. The MDrives, which are capable of synchronization between up to 64 units, enable construction of very
compact machines and devices. Since their introduction, they
had been installed thousands of times over in Germany.
The newly-developed MDrive package is impressively equipped. In addition to the powerful hybrid step motor, the drive
includes a fully programmable controller with on-board in-

puts/outputs, a powerful micro-step control unit
with up to 256 micro-steps/full steps and an integrated encoder for “closed loop“ operation.
The “hMTechnology“ (hMT) hardware-based
system realizes the “closed loop“ function. This
servo-like regulation prevents the step motor
from coming out of step with a reduction of the
speed and thereby prevents unexpected blocking with an overload. The combination of performance and durability enables a large number
of decentralized automation applications. With
integration, problems with the wiring of motor
and control unit and the hardware and associated installation efforts are eliminated. EMC problems are also
reduced or completely eliminated in regard to sensitivity to interference and emission of interfering signals with the integration. RS232 and RS485 were available as interfaces for thencurrent industrial protocols.

MDrive: The Second Generation
The second generation of MDrive integrated step motor drives
appear in the market in 2006. They were equipped with a new
ASIC, which included both the basic modules of the micro-step
control unit and motion controller, as well as a fully programmable RISC (Reduced Instruction Set Computer) processor core.
Company Profile

GEMÜ GmbH
As a supplier to medical technology companies and manufacturers of pharmaceutical,
GEMÜ Switzerland produces customized
plastic system solutions.

One Partner for the entire value
added-chain

GEMÜ GmbH
Switzerland
Lettenstrasse 3
CH-6343 Rotkreuz
Phone +41 41 799 05 00
Fax + 41 41 799 03 85
info.medical@ gemue.ch
www.gemue.ch

Besides a high level of production in our
cleanroom, GEMÜ has in-house engineering,
project management and tool manufacturing.
Our system solutions go into the markets of
Pharma, Medical Devices, Diagnostics and
Biotechnology.

Clean room system solutions
With the implementing of our new clean room
factory in Emmen 2012, we can offer system
solutions in ISO class 8 (in operation) and
GMP class C.
With facilities equipped with additional filter
fan units (FFUs) and subjected to stricter
hygiene measures, GEMÜ is able to produce
ready-to-sterilise (RTS) components for the
pharmaceutical industry.
In term of labware, GEMÜ can comply with
requirements such as being RNase-free and
DNase-free and fulfils important specifications of the biotech industry.
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Interfaces and field bus systems are currently available for
networkable step motor drives. This includes clock/direction,
RS-422/485 (MCode ASCII command set), CANopen (MCode
ASCII command set) and Ethernet-based protocols: ASCII
command set (MCode), MODBUS/TCP, Ethernet/IP and Profinet IO. The serial interfaces and inputs/outputs are galvanically insulated, making them electrically robust. Up to 8 inputs/outputs are available to the control unit for further functions. All necessary control types can be realized. This
includes speed mode, positioning mode and torque mode.

MDrive Variety: rotative and linear

With the conclusion of this long-term strategic ASIC development, control units of the integrated MDrive drives were improved and simplified. This enables a very small design for the
overall system, a wide variety with a clear arrangement of the
number of components and simple production and assembly
for short delivery times. The series were supplemented with
variants with integrated main adapters for direct operation
from the 120 V / 240 V AC network and were thus available for
the packaging industry and machine construction.
The development of the MDrives was constantly advanced:
functions were improved and interfaces as well as analog and
digital inputs and outputs were integrated. The step motor
systems with rotating shafts were soon supplemented with integrated linear axes.

The drives certified for CE, RoHS, REAACH, ISO 9001 and
ISO 14001offer torques of up to 7 Nm at the motor shaft and
are also optionally available with gear units. Step motors with
a high-torque option offer up to 50 % more torque in the installation size NEMA 23. In the process, the high-torque motors
require the same installation space as motors without this option. Such torque motors are used in applications such as 3D
printers where they have to move the three axes precisely. It
can also implement exact adjusting movements in the format
adjustment, for instance, in printing machines, wood processing machines and “pick and place“ applications.
With the user-friendly “Lexium Software Suite“, Lexium
MDrive drives are easy to parameterize or program for all electrical interfaces. Of course, there are also separate control
units and controllers available in various designs for users who
do not have any room behind the step motor.

MDrive Today: The Third Generation

The newest development, the “Lexium Motion Module“, is a
powerful, programmable programmer with H-bridge driver.
This ultra-compact module offers the flexibility of a chip set
with the performance and specifications of Lexium MDrives,
including an MCode programming language. This comprises
an ultra-compact design, up to 48 VDC, 1.5 A of continuous
current (2.1 A peaks), I/O connections with 4 inputs, 3 outputs + encoder input, fully programmable movements, a standard PCI Express Card connection and a development board
for 1 to 4 axes with starter kit.

In the following years, increasing numbers of users demanded
networkable motors in order to further automate production
and to prepare for the advancing Industry 4.0. The 3rd generation was introduced to the market in 2013 – for the first time
under the Schneider “Lexium MDrive“ (LMD) label. With
thousands or variation possibilities, MDrive and Lexium
MDrive drives leave almost nothing to be desired.

With all of these equipment features, the integrated step motor drives with separate control units and controllers, etc. are
ideally suited for hundreds of different applications in medical technology, packaging technology, device and apparatus
construction, automation, machine construction – including
fast and competent advice. All versions of the Lexium MDrive
come with a 4-year warranty.

In 2008 the Schneider Group purchased US-based IMS INC.
and the company has since been named Schneider Electric
Motion USA. IMS Europe GmbH was renamed to KOCO MOTION GmbH. All distributors remain in place as sales and service
consultants for IMS products.

The integrated drives are available in very compact design
in flange dimensions NEMA 14 to NEMA 34. Versions in
NEMA 17, NEMA 23 and NEMA 34 are provided with especially durable M12 screw connections. This also makes
them suitable for protection rating IP65. Machine builders
have long-awaited these versions because there had not
previously been an available alternative for harsh environmental conditions.
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KOCO MOTION GmbH
Niedereschacher Straße 54
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Phone +49-7720-995858www.kocomotion.de

14

www.med-eng.de

Images: KOCO MOTION GmbH

MED Devices Motion Technology

MED Devices Motion Technology
Bürkert has developed a complete spectrum of high-quality
micro valves, in order to offer an optimal solution for every
microfluidic dosing application.

Smaller, faster, more precise and more versatile
T

he fluidics expert from Ingelfingen consistently strives for diversity with respect to size and valve types in
order to meet the individual requirements of the respective application with the best possible performance.
Microfluidics, the dosing of small liquid volumes, is a very young
field of application in fluid technology that opens up entirely new
capabilities for the use in medical technology and diagnostics,
analytical devices, respiration systems or industrial applications
such as inkjet printers. The most important requirement for the
practical use of microfluidic systems was the development of miniaturised valves that are durable, reliable and highly precise. Miniaturisation makes it possible to use the technology closer to the
point of use, or in the case of medical applications, the point of
care.

Reproducible dosing
To ensure precision and exact timing for every dosing task,
Bürkert uses different dosing principles for the specific requirements of the application.
Time-pressure dosing, for
example, is the standard technology used in filling and packaging processes for pharmaceuticals and cosmetics. Other
applications include the precise mixing of aromas for beverages or the aforementioned analysis devices, which require dosing of reagents and samples in
the microlitre range.

WhisperValve Type 6724

Bürkert has developed an
entirely new series of valve types for time-pressure dosing.
Type 6712, the WhisperValve, is, for example, the first
valve on the market that com-
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As a system solution for the clinical analysis of blood samples, Bürkert
developed a universal dosing unit based on the principle of syringe
pump dosing

bines a minimal internal volume with excellent flushability
and high switching speeds. With a sound level of less than
36 dB this plunger valve is much quieter than other electromagnetic valves and is hardly perceptible in many process environments. Its add-on dimension is suitable for 96well microlitre plates. Meanwhile, Type 6712 is being used
in dosing applications in the sub-microlitre range.
Even more compact, with a width of only 4.5 mm, is the Type
6650 flipper valve which is suitable for 384-well microtitre plates. In addition to the compact design, the extremely fast and
precise switching processes ensure optimal dosing in the microlitre range.

Optimal Syringe Pump Control
Syringe pumps are often combined with valves for conveying
and dosing small volumes. They are ideal for the precise dosing of small, specific quantities of liquids. The motion of the
pump plunger draws in and dispenses a defined volume of the
medium. A 3/2-way valve upstream of the pump enables optimal switching of the inlet and outlet port for dosing into a cuvette. The same method can be used for periodic flushing with
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Lab applications and medical products require minimal
noise levels. For such applications Bürkert developed the
Type 6724 WhisperValve – a larger version of the Type
6712 – which switches almost silently. The low internal volume of only 29 µl guarantees excellent flushability, precise dosing properties and reliable results in a low-weight valve with low power consumption and short switching times.
The spectrum of valves for syringe pump dosing also includes several types of rocker valves: Type 0127 is considered
a pioneer among the media-separated rocker valves and
has been setting standards since 1993 in lab and analysis
devices as well as in medical technology; it is available as
Type 6628 in a 22 mm version.

In the pneumatic dosing system the size of the dosing chamber – between 150 and 750 μl – determines the dosing volume per stroke

a cleaning solution. Modifying the construction by using a port
to the pump and drawing a small amount of air into the dosing
needle for media separation from the medium to be dosed,
makes it possible to dose extremely small samples without
cross contamination. A 2/2-way valve controls the flushing
liquid in the cleaning cycle. Syringe pump dosing is used
for in vitro and molecular diagnostics.

The Type 6624 TwinPower valve and its big brother, Type
6626, feature a new drive concept that allows the same
fluidic performance in a significantly more compact design.

Volumetric and Precise
In volumetric dosing, a defined volume is dispensed with
each stroke of a pump. Although this principle does not allow the volume to be changed, the overall quantity can be

Company Profile

mikrop ag – your supplier
for miniaturized quality optics

MIKROP AG
Switzerland
Industriestrasse 22
9301 Wittenbach
Phone +41 (0) 7 12 92 10 80
info@ mikrop.com
mikrop.com

As a worldwide leader in technology Mikrop
offers high-precision optical systems in the
field of miniaturized medical devices.
Since 35 years, we develop, manufacture and
mount highly complex, miniaturized optical
components and assemblies. Mikrop is one
of only few companies worldwide to manufacture high precision lenses and assemblies
starting at diameters of just 0.30 mm.

Spherical Lenses: All types
of single lenses, doublets
and triplets, rod lenses,
miniaturized lenses, lenses
with conical edge

Mikrop is the source for Swiss precision
miniature optics serving all high-tech markets. Our lenses, objectives and optics are
amongst the smallest imaging devices in the
world.

Off the shelf and
customizable Products

Our Products and Services Include
Integrated Complete Solutions: Optical and
mechanical design, production of prototypes,
serial production and assembly
Optical Assemblies: Multi-element assemblies
comprising lenses, prisms and housings,
cemented compact optical groups
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Mechanical: Lens housings, precision assemblies,
optical mounts

Standard Micro Objectives:
for different camera
formats from 1/4 inch
down to 1/16 inch or even
smaller with different Field-Of-View’s from
narrow to wide fields, adjustable to customer
design parameters

For Customers and Applications in
■ Endoscopy
■ Medical Engineering
■ Micro Camera Modules
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The low overall weight and small dimensions of the WhisperValve series make it ideal for applications in dosing arms, pipette arms or dosing robots

varied by the number of pump strokes. The volumetric dosing principle is ideal for continuous dosing applications,
such as exact dosing of aromas in beverage dispensing systems or in any application requiring fast dosing, such as in
pharmaceutical dosing. Minimal quantities of fluids can be
dosed precisely, regardless of their viscosity or temperature. With the Type 7604 micro-membrane pump and the Type 7615 micro-dosing unit, Bürkert not only provides suitable components for volumetric dosing, but also uses this
dosing principle in its products, such as micro pumps.

Dosing in the microlitre range

is an essential component of the system, since it allows optimal integration in block and injection moulded parts and
is designed for more than 100 million switching cycles.
To always find the optimal solution for every customer application the Bürkert engineers often develop additional
valve types with optimised properties in close cooperation
with the customer. This can even result in system solutions
that are developed, designed, assembled, tested, packaged and delivered from the warehouse as end-to-end systems. This reduces the customer’s expenses for development, testing, assembly, purchasing and logistics.

CONTACT

In the pneumatic dosing system, for example, the dosing
chamber consists of two body shells and one separating
membrane. The use of high-quality materials also makes it
possible to control very aggressive media. The dosing chamber is self-priming, free of dead volume and easy to flush.
Separation of the actuator and the dosing chamber makes it
easy to replace the chamber. The Type 6164 cartridge valve
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Bürkert GmbH & Co. KG
Christian-Bürkert-Str. 13-17
D-74653 Ingelfingen
Phone +49 (0)7940 10 0
www.buerkert.de
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Applications of torque limiters can be found in all sectors of technique, in each and
every machine or facility where torques have to be limited to protect machines or
products from overload. The torque limiter type ECA, which is especially engineered for belt drives
prevents such overload damages or at least reduces them to a minimum.

TORQUE LIMITER TYPE ECA
FOR BELT DRIVES
Particular worth was put on compulsion-cutting and fast switching function. Simple, light
elements avoid adverse dullness of mass or switching. They were chosen because to heavy
switching elements could considerable increase the (static adjusted) disengagement torque in
case of a dynamic collision and therefore also the destructive collision forces.
In contrary to conventional friction clutches the ECA has a very high repeatability of the adjusted
disengagement torque. It’s free of clearance and self-reliantly re-engages after 1 turn. The
movement of switching can be sampled by a proximity switch. 17 design sizes make a total
torque range of 0.5 Nm up to 470 Nm overall.
The ECA forms a very compact unit together
with a crown gear, which hardly uses some
additional place, and its deliverable in
diverse versions (with keyway or conical
bush). Especially to be highlighted is the
type ECA 1, because it’s one of the smallest
torque limiters available on the market.
www.enemac.org

— — — — — — — — — — — — — — —
The BGA 22x22 dCore from Dunkermotoren is now available with a suitable gearbox,
encoder and controller. The innovative, ironless, axial flow design of the BGA 22 provides definite advantages such as zero-cogging torque, low vibration, and very low audible noise.

BGA 22 – IRONLESS BLDC MOTOR
In addition to this new motor, there is a four-quadrant controller, BGE 6005 with CANopen interface which can supply currents up to 5A…also available now. Furthermore, the RE22 encoder is
offered with 256 ppr or 360 ppr, matches the BGA 22’s diameter and can be mounted to the motor.
For simple applications,
Dunkermotoren can offer the BGA 22 dGo version with integrated commutation electronics and
functions such as change of direction, start/stop, speed set input and speed output signal.
The available PLG 22 and PLG 24
planetary gearboxes can provide a
nominal torque of up to 1.5 Nm.
www.dunkermotoren.de

Innovative solutions
for medical devices
from concept to series
production
>		Medical microelectronics
(design service, organic and
ceramic substrate manufacturing,
semiconductor packaging, board
assembly, test services)
> Batteries and battery packs
for active implants
Micro Systems Technologies
Neuhofstrasse 4, CH-6340 Baar, Switzerland
Phone +41 (44) 804 63 00
info @mst.com
MST Group. Active around the globe, the
Micro Systems Technologies (MST) Group
consists of four technology companies
with more than 1100 employees in three
countries:
> DYCONEX AG (CH)
> LITRONIK Batterietechnologie GmbH (DE)
> Micro Systems Engineering GmbH (DE)
> Micro Systems Engineering, Inc. (USA)

www.mst.com
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Low energy consumption. Heat. Power density.
For microdrives in particular, these factors play an important role
when energy-efficient operation is the goal.

Energy Efficiency
in Microdrives
E

nergy efficiency is an important factor not only in automotive applications, but also for many smaller sized motors. Typical applications include battery-powered devices as well as aerospace applications. The following are only a
few examples: laser leveling devices, motorized golf caddies,
medical power tools, insulin pumps, robots, packaging machines, and fuel cell powered vehicles. With all these applications,
it is critical to use available power as efficiently as possible. This
also means that only a minimal amount of power should be lost
as heat. The rise in temperature should be kept to a minimum.

can therefore be expressed completely as kM. Not all of the
electrical input power is converted into mechanical power. After
subtracting the voltage drop due to electrical resistance, we are
left with the induced voltage Ui. Similarly, not all of the generated mechanical power is available to the motor shaft.
Electrical power loss is the part of the electrical power that is
not converted into mechanical power. It is given by the losses
due to the load current, or in other words, due to Joule power
and copper loss. Electrical power loss is proportional to the
square of the current (load). The mechanical power loss after
power conversion comprises friction in bearings and brushes
as well as iron loss. Mathematically, these can be treated similarly to speed-determined friction. Eddy current losses occur
with brushless DC motors, also known as EC motors. The rotating magnet in an EC motor induces eddy currents in the magnetic return of the stator. The advantages of brushless maxon
EC motors are a long life span and very high speeds, which are
required for applications such as manicure and pedicure devices. Unfortunately, eddy currents increase with speed.

Motors operated in the no-load range

A drive component’s efficiency describes these losses in
terms of the ratio of output power (input power minus losses)
to input power. Typically, the optimal efficiency is 80 to 90
percent for DC motors, 90 to 98 percent for pulsed power
stage controllers, around 90 percent per stage for planetary
gearheads, and below 40 percent for worm gears.

Aspects of a motor’s energy efficiency
Energy conversion is described by the torque constant kM and
the speed constant kn. It should be noted that the speed constant kn is the inverse of the torque constant kM. Conversion
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For applications where the motor is mainly operated in or near
the no-load range – for instance, the mirror drives of laser leveling instruments – it is essential to minimize mechanical friction and iron loss. This reduction can be achieved by selecting
smaller bearings, which means the smallest possible motor,
and by using precious metal brushes instead of graphite brushes. At low speeds, the use of a controller and sensor instead
of a mechanical drive helps to further reduce mechanical friction. Very low iron losses can be achieved through DC motors
with an ironless winding or small 2-pole EC motors, also
known as brushless DC motors.

Motors at standstill
If the motor is operated at a standstill – where the motor is at
maximum torque – the power loss is given by the electrical los-
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Durability and reliability of microdrives are especially important in
surgical tools.

MED Devices Motion Technology
Suitable control
Brushed DC motors need control electronics only to control
the current, speed, or position. For brushless DC motors (EC
motors), the controller handles primarily the commutation
and, if required, also the current, speed or position control.
The power loss of the control electronics depends on the type
of the power stage and is determined by transmission losses
and the controller’s own consumption.

Controllers with a linear power stage
The graphic shows how efficiency loss occurs in a motor. This assumes
that the power conversion itself is loss-free.

ses. This is because when speed is equal to zero, the output
power is also equal to zero. By means of copper losses, the entire input power is converted into heat, which turns a motor at
standstill into a large heater. This is illustrated by the vertical
red line on the far right of the motor diagram. There are neither
friction nor iron losses, as the motor does not turn.

Efficiency in practice
High efficiency at nominal voltage is, above all, a persuasive selling point. However, it is important to keep in mind that efficiency depends on the respective supply voltage of the motor. Because the ratio of starting current to no-load current increases
sharply with higher voltage, the efficiency is also higher. Furthermore, the efficiency curve for lower supply voltages depends more strongly on the motor torque than for higher voltages. To estimate and take into account losses in the motor, it is
better to look at the no-load current rather than the efficiency.
For battery-operated applications like motorized golf carts, it
is not just a small power loss that counts. The efficient use of
available voltage and minimum current consumption are
equally important. The objective is to optimize the winding so
that it consumes a minimal amount of current, in order to
achieve the longest battery life possible. For applications in
hand-held devices such as medical power tools, the power
loss, namely heating, should be kept as low as possible. To humans, temperatures as low as 50 °C seem very hot already.
Other applications require accommodating a very limited supply of power – one such example is the Mars rover. Such applications require drives with high power or torque density, low
weight, and small dimensions.
Scaling down a drive doesn’t mean the challenges become
smaller. They only become different. Even for microdrives,
energy efficiency matters. However, the focus is less on saving
energy and more on low current consumption, low heating, and
high power density. The next section of the technical article
“Energy efficiency in microdrives“ provides a detailed explanation of why suitable motor controllers and efficient mechanical drives are important for the energy consumption of a drive.
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Controllers with a linear power stage regulate the speed via the
motor voltage, using the voltage divider principle. A variable
resistor is wired in series with the motor. The benefits of linear
controllers used with brushed DC motors include simple control, cost-effective design, and lack of interference. The power
consumption depends on the processor and is usually very low
– typically around 1 W, not counting any auxiliary consumers
like additional inputs or outputs.
Transmission losses however should not be underestimated.
These are Ohmic losses in the variable serial resistor, in fuses,
MOSFETs, and measuring shunts. They can become very
large, especially for high motor currents or lower voltages (low
required speeds). They are calculated using the formula
P_vCU=R*I^2
For this reason, linear controllers are suitable only for relatively low-power motors up to 100 W and rarely used today.

Pulsed power stage (PWM)
Most controllers for both DC and EC motors use a pulsed
power stage. The efficiency of pulsed controllers typically is
between 90 and 98 percent. The voltage supplied to the motor is switched at a very high rate (typically from 20 kHz to 60
kHz) between two or three levels (usually +VCC, 0, and
-VCC). Due to the motor’s relatively large mechanical time
constant, it is effectively supplied with a mean voltage that
can be adjusted by manipulating the relative duration of the
voltages (pulse width modulation, PWM). The main benefit
of pulse width modulation is that losses remain very low.
These losses consist of transmission losses (Ohmic losses in
fuses, MOSFETs and measuring shunts), the controller’s
own power consumption (depending on the processor, typically around 1 W, not counting auxiliary consumers), and
switching losses (flyback diodes etc.). Because of the very
low losses, the controller does not need a lot of cooling and
can accordingly be built small.
Measurements show that the efficiency of a controller at a certain speed is independent of the load within a wide range. As for
motors, the efficiency of PWM controllers increases with increasing speed, which corresponds of a higher output voltage.
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Losses in mechanical drives or gearheads can be described
using a model similar to that for the motor. However, it is important to distinguish between idle losses and load-dependent losses. As a rule, these aspects are considered as part of
the overall efficiency and loss calculation.

Low load decreases efficiency

Microdrives by maxon motor are used in many medical applications
such as the Alfapump, which removes fluid from the abdominal cavity.

Motor choke to control heat build-up
For motors with very low inductance, such as motors that do
not have an iron core, the current fluctuates very fast. There
may be large current peaks within a PWM cycle, and the resulting high RMS value (effective current) heats up the motor. To
protect the motor and prevent the efficiency gains from being
at the cost of the motor’s lifespan, additional inductance is
needed. A so-called choke is wired in series with the motor to
attenuate current peaks. The motor’s behavior does not
change because torque is proportional to the current’s arithmetic mean. Improved control stability is another positive effect of the added inductance. This is why most maxon controllers come with built-in chokes, making additional inductance
unnecessary. However, this is not always the case – for example when maxon motors are operated with third-party or customer-supplied controllers.

Measurements show that the efficiency of any gear is independent of the load across a wide range (see graphic). Only when
the load is low, the idle losses become significant relative to
the transmitted torque. This lowers the efficiency.
Gearheads should therefore be loaded with at least 50 percent
of their continuous torque in order to achieve acceptable efficiency. Efficiency should be included in the calculation of the
motor torque. It is a good and accurate method for considering
losses in gearheads.

Conclusion
High efficiency and lower power losses are not the only considerations for battery-driven applications like golf carts, medical power tools, insulin pumps, or packaging machines. Good
utilization of the available voltage, low power consumption,
low heat build-up, high power density, suitable controllers,
and efficient mechanical components are key factors. The objective is to optimize all components so that that the drive consumes a minimal amount of current, in order to achieve the
longest battery life possible.

The formula for approximating the maximum peak current
:Imax in a 2-level PWM cycle is:

currents can be curbed with the following measures:

+
+
+

Author:
Jan Braun, Technical Sales Supporter
maxon motor ag, Sachseln, Switzerland

Lowering the supply voltage VCC if possible.
Increasing the PWM frequency fPWM (at least 20 kHz,
better 50 kHz and up). Frequencies lower than 10 kHz
should not be used.
Selecting a winding with high inductance, or increasing inductance by wiring a choke (Ladd) in series with the motor.

CONTACT

Efficient gearhead mechanics

maxon motor ag
Brünigstrasse 220
CH-6072 Sachseln
Phone + 41 (0)41 666 15 00

The efficiency of a planetary gearhead is about 90 percent per
stage. Worm gears have less than 40 percent. For spindle
drives, ball screws reach 80 to 90 percent, trapezoidal screws

www.maxonmotor.com
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only 40. When one considers these differences, it becomes
clear why the selection of efficient mechanical components
offers much potential for minimizing losses. Mechanical losses are caused by friction between teeth, the bearings, at disks
and seals as well as by churning losses in lubricants.

Company Profile

Sphinx Tools Ltd.:
Your partner in medical technology
Sphinx Tools Ltd. sets standards for optimum quality and security. As a partner and OEM manufacturer of high-quality instruments in the field of medical technology, we have acquired an extensive
knowledge base. Our in-depth expertise is based on longstanding partnerships with leading international medical technology companies.

Sphinx Tools Ltd.
Switzerland
Gewerbestrasse 1
CH-4552 Derendingen
Phone +41 32 671 21 00
Fax +41 32 671 2111
sphinx@ sphinx-tools.ch
www.sphinx-tools.ch
Corporate profile
More than 50 years of
experience in the field of
medical technology.
Specialisation in the
manufacturing of cutting
geometries such as drills,
milling cutters, taps, etc.
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The cutting edge geometry technology from
Sphinx Tools Ltd. guarantees low torque and
thus a lower heat generation. The precisely
ground and burrless instruments are extremely
durable even under the most challenging
conditions and can be sterilised over and over
again. Our development department is a hightech Iabaratory specialising in measurements to
within a thousandth of a millimeter. We ensure
that our customers can use their instruments
with absolute precision and in the best interests
of patient health.

Quality management system
in compliance with
■■DIN ISO 9001:2008
■■EN DIN ISO 13485:2012
■■FDA registration: 9614438
Clean room
We are operable for cleaning and packaging in
accordance with GMP (Good Manufacturing
Practice) in our own clean room approved of
category 8 ISO 14644-1
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Products
■■Surgical bone drills
■■Cannulated instruments
■■Thread cutters
■■Schanz screws
■■Wire drills
■■Steinmann pins
■■Dental drills
■■Screwdrivers

Expertise
■■Long-term partner in the medical technology
sector as OEM manufacturer
■■Support with the selection of materials and
construction
■■More than 100 years of machining expertise
■■Know-how in the processing of high-quality
materials
■■High flexibility
■■Complete supplier
■■Optimal manufacturing solutions for small and
Iarge series production
■■ Delivery times according to customer’s request
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New Possibilities Thanks
to Miniature Flow Sensor
O

ne well-known example of a POCT is a urine test using
a paper strip. In these tests, the different components
of urine – such as red and white blood cells, glucose
and the pH value – cause color changes on the reactive surfaces of the test strip. By comparing of the color patterns to a
reference scale, the nurse can ascertain qualitative information about the concentration of the various substances in the
sampled urine. In an even simpler exemplary procedure, the
oxygen saturation of blood can be determined non-invasively
through the skin by clipping an optical sensor to the fingertip
of the patient. Previously, before the advent of these pulse oximeters, a blood sample had to be taken and sent to the central
lab for testing.
More complex tests – for example, to detect certain viruses or
bacteria – still depend on the elaborate infrastructure and specialist personnel of a central lab. Such tests often require additional steps in terms of sample preparation or pre-treatment, special temperature conditions or complex devices for
analysis. In order to carry out these tests directly at the patients’ bedside in the hospital, the test procedures must be
simplified and interaction with the user minimized. In ideal
cases, the entire test is conducted independently on a single
microfluidic system; i.e. the entire “lab“ is integrated on a
chip and thus becomes a “lab on a chip“.

In medical diagnostics, the
trend towards near-patient lab
diagnostics (point-of-care testing, or POCT) continues apace. The idea is that testing
should take place as promptly
as possible and ideally directly
at the patient’s bedside. For
more complex examinations,
precise microfluidic systems
are required.
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Microfluidic POCT
In recent decades, a great deal of research has been carried out
in the field of microfluidics, particularly in the biosciences, with
the aim of miniaturizing and automating lab experiments, diagnostic tests and (bio)chemical processes. Instead of pipetting
discrete quantities of liquids from one container to another, today the liquid in a microfluidic system flows through the tiny
channels of a manifold. The liquid in these channels is generally
moved by external pumps or pressure sources to which the fluidic chip is connected. To control the applied pressures or stabilize the flow generated by the pump, the flow rate is measured
using flow sensors. Thanks to their outstanding sensitivity even
at extremely minimal flow rates, Sensirion’s microthermal mass
flow meters for liquids set the industry standard in the precise
monitoring of liquid flows in microfluidic systems.
The dimensions of the channels in the fluidic system have been significantly reduced down to the micrometer range, with
the liquid volumes in the microliter or even nanoliter range.
This enables the microfluidics to drastically reduce the sample and reagent quantities, enable faster reactions and thus
increase throughput. And the smaller size of the fluidic system also means lower costs and smaller devices. Both are necessary conditions in order to conduct tests in a decentralized
manner directly at the place of care; i.e. at the bedside, on the
same hospital floor or in a doctor’s office. This, in turn, simplifies the logistics and provides faster results for better and more targeted treatment of patients.

Possible applications in medical technology
and other fields
Commercially available microfluidic POCT devices can be
used, for example, to measure proteins used as biomarkers in
the diagnosis of heart attacks. Other devices analyze blood
samples to determine the composition of red and white blood
cells, and their subtypes. Another application in medical
technology is cytometry to determine the concentration of T
helper cells in monitoring the immune systems of HIV/AIDS
patients. Finally, efforts are also under way to transfer molecular-biological methods for the detection of, for example, antibiotic resistant bacteria via their DNA to point-of-care systems. Even genetic fingerprints for forensic purposes can be
created using POCT devices.
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f a s t f o r wa r d s o lu t i o n s

The LPG10 miniature flow sensor integrates a digital CMOSens® technology microsensor on a
10 x 10 mm2 microfluidic chip, making it the world’s smallest fully calibrated digital flow sensor. Downmount connections enable extremely compact integration in fluidic systems.

However, microfluidics play an increasingly important role in areas other than the clinical
field, such as research and development and industrial process monitoring. In particular,
microbiology is absolutely critical today in the food and drinks production sector; it is
used to monitor the quality of yeast cells that ferment malt to beer, and the bacterial populations in milk, which must not exceed certain threshold values. Hitherto, discrete
samples have been diverted from the production process and sent to laboratories for testing; now new types of miniaturized flow cytometers enable direct verification of individual production lots or even continuous monitoring on the production line.

Improved performance through precise flow monitoring
Owing to its origins, the field of microfluidics is closely associated with the biosciences
and related technologies, such as cell sorting, cell manipulation and DNA analysis.
Microfluidics is also relevant in other miniaturized systems that use liquids; for example, microscopic chemical reactors and micro fuel cells for portable energy generation.
In all these emerging application areas, the precise monitoring and control of liquid flows
is crucial to the reliable operation of the respective device. With a tiny form factor of just
10 x 10 mm2, Sensirion’s LPG10 flow sensor offers outstanding accuracy and speed in
the measurement of extremely low flow rates. The sensor consists of a planar microfluidic
glass substrate and enables extremely compact integration in any fluidic system. The
proven microthermal measurement method in an innovative design enables flow measurements of just a few milliliters down to single microliters per minute or even lower. Glass
as the only wetted material guarantees optimal compatibility with biological and pharCONTACT
maceutical processes. The sensor provides a
SENSIRION AG
direct and highly precise measurement of the
Laubisrütistrasse 50
flow rate at every relevant point in the fluidic
CH-8712 Stäfa ZH
system. The reliable detection of common erPhone +41 (0)44 306 40 00
www.sensirion.com
rors, such as clogging, air bubbles or leaks, is
incorporated of course.
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New homogeneous coating technique enhances
spectral range of standard CCD and CMOS sensors.

UV Light Made Visible
W

hile the development of modern image sensors leaps
forward in many fields, one expect was mostly neglected: UV sensitivity. Especially in analytics, the
detection of light in the UV area is an important theme as this
enables more possibilities and higher quality. Sensors that are
especially made for this are available but very expensive and
sometimes limited to UV light only. An alternative is a fluorescent coating that emits visible light on illumination with UV
light. But the usually used manual application only leads to
uneven results and often harms the sensor.

The core of the technique is a dye called Lumigen, that greenly
fluoresces under UV light and makes usually invisible radiation capturable by standard CCD and CMOS sensors. For highend applications such as precise spectroscopes a very homogeneous coating of the light-sensitive sensors is necessary – a
quality which is not provided by manual work as there is also a
danger of damages of contacts and surfaces.

Homogeneous, reproducible coating
The method developed by Eureca thus uses a modified physical vapour deposition method (PVD), that works contactless
and enables reproducible uniform layer thicknesses. For this,
the cover glass of the sensor is removed carefully with a method adjusted to the sensor and the sensor itself is cleaned.
Then it is put on a special holder into the vacuum chamber in
which the lumigen is deposited homogeneously. After this the
sensor is either equipped with a protective foil or a new window is glued on according the needs of the customer.

UV light plays an important role in analytics, especially in spectroscopy, but is invisible for common CCD and CMOS sensors, therefore often expensive specialized sensors are used.

geneous layer“ says Karsten Sengebusch, one of Eureca's CEOs. For this purpose, the company also reasearched methods
for layer analysis.

Capturing UV light down to 100 nm
with various sensors
In general this process expands the usable spectral range of
image sensors at the short-waved side from 400nm down to
200nm, in ideal settings even down to 100nm. Above 500nm
the material is nearly transparent, so the sensitivity in the visual and infrared wavelength area nearly stays the same.

By adjusting the process parameters an optimized layer for the
specific application is produced. Thicker layers e.g lead to
more dispersion of the incoming light and can thus reduce interferences. “This also applies to the coating of microlenses
whose surface properties are a challenge for a good and homo-

The lifetime of the coating depends on the intensity of the radiation, its wavelengths, the temperatures at which the sensors
are used and the exposition times. Experiences with established spectrometers have indicated that with the short arcs used
there the coating works for serveral years without problems.
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Over three years, Eureca Messtechnik GmbH, expert for special sensor concepts has developed a new method for controlled
coating. As this method lowers the costs for UV-sensitive sensors and thus responds to the growing need in this field, the
development was officially sponsored by Zentrales Innovationsprogramm Mittelstand (ZIM).

Images: Eureca Messtechnik GmbH
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A fluorescent coating can convert UV into visible light and thus makes
it measurable for image sensors. Eureca Messtechnik GmbH has now
developed a method to deposit a lumigen layer reliably homogeneously on various sensor types

Before coating, the glass cover of the sensor has to be removed cautiously. The optoelectronic expert also developed suitable methods for
this without spoiling photosensitive areas.

While UV intensivation via lumigen is generally suitable for various kinds of sensors, it is mostly used for line sensors, especially for spectrometers. For this application sensors with oblong pixels are preferred.

other types can be coated on request. The company will – even
when the sponsoring
is terminated – proCONTACT
ceed with the deEURECA MESSTECHNIK GmbH
velopment of coaEupener Str. 150
ting improvements
D-50933 Köln
and quality research.
Phone +49 (0)221 95 26 29 0
www.eureca.de

The coating method developed by Eureca works independent
to the kind and geometry of the sensor and is thus suitable for
nearly all sensors available on the market. EURECA already
has a variety of different sensor types in the delivery range,

Company Profile

Imaging for Medicine – a life-saving technology
As Europe´s largest technology provider for
image processing, STEMMER IMAGING is
your ideal partner for imaging in medical
applications. Modern medicine depends on
this technology for the diagnosis and realtime monitoring of operative procedures.

STEMMER
IMAGING GmbH
Germany
Gutenbergstr. 9 – 13
82178 Puchheim
Phone +49 89 80902-0
info@ stemmer-imaging.de
www.stemmer-imaging.com

In medicine there is a wide range of medical
imaging equipment, such as endoscopes,
microscopes, X-ray, CT scans, MRIs or
operating room monitoring cameras. These
image sources use different interfaces,
resolutions, video standards, control options
etc. Installing all of these image sources in
the hospital environment and operating
imaging systems according to medical
requirements is a major challenge.
With several thousands of imaging components
available and decades of experience in the field,
STEMMER IMAGING can always provide the
right technology for your needs. This includes
components and systems for code reading and
tracking, e.g. special illumination systems to
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enable UDI code reading even on difficult
materials such as artificial joints. Imaging can
support the surgeon by supplying exact realtime navigation for surgical instrument guidance
based on the smart combination of e.g. CT or
MRI diagnosed images and live camera images.
There are many other applications in the
medical field where STEMMER IMAGING is
your perfect partner for sourcing imaging
components, systems and advice.
Imaging technology in medicine improves
diagnoses and treatments. Imaging can even
save lives. Imaging is our passion.
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Medical Air Bubble Sensor
H

errmann Apparatebau GmbH (HAB) manufactures
devices for use in clinics and medical practices. The
“Hyper Medozon comfort“ is among those devices. It
produces an ozone-oxygen mixture from medical oxygen and
can be used in different forms of therapy. One of those types of
therapy is hyperbaric major autohemotherapy, in which blood
that is taken from the patient is enriched with ozone/oxygen
and subsequently reinfused with pressure support. Unlike
gravity infusion, this hyperbaric form of infusion requires
constant monitoring of the reinfusion line. This monitoring is
performed by an ultrasonic air bubble sensor. It prevents gas
from being injected into the patient's vein, since this would
cause an embolism. The sensor is integrated into an air trap on
the I.V. pole of the Hyper Medozon comfort.
In 2009, the designers of HAB came across SONOTEC while
looking for a suitable sensor. And although first developments
using a competitor's product had already been started, HAB decided to go with the ABD06 air bubble sensor from the SONOCHECK product line. As many customers desire, SONOTEC
modified the standard design and made an application specific
version of the SONOCHECK stock sensor. “The small design
and safety functions that were available were the main reasons
for leaning towards this sensor. It was the flexibility afforded by
an individual set of parameters and of course the unique function“, explains Jochen Hübner, developer and QM representative at HAB, who ultimately found the testimonial of a major client of SONOTEC to be a good argument in favor of the company.

The ultrasound specialist
SONOTEC, located in Halle
Germany, has developed an air
bubble detector as a medical
device for performing hyperbaric major autohemotherapy,
which ensures that no gas
passes into the patient's vein
during the reinfusion. The new
ultrasonic sensor combines
safety, functionality and design
into one small device.
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SONOCHECK series comprises the compact ABD07 (left) as well as
ABD05 (mid) and ABD06 (right)

Safe, functional and visually appealing
Sensors that are used in medical devices must work absolutely
reliable on an ongoing basis. Failures, even if they are only rare
events, can place human lives at risk. Thus one of the basic
requirements in selecting the sensor was already given. Moreover, the sensor that HAB was looking for needed to be visually appealing. “SONOTEC gave us the opportunity to combine function and design in such a way that, in the end, a sensor was created that was absolutely dependable and at the
same time attractive. We were able to select what was decisive
for us from the available functions and combine them in one
sensor“, says Hübner. In doing so, he and his team were able
to take the most important features of different types of sensors and combine them in a modified version of the ABD06.
First they tested various standard sensors. The results of these
series of tests then provided the basis for the development of
the application-specific solution. Not only the sensor electronics and mechanics, but sensor functions and parameters were individually adapted to the requirements of major autohemotherapy and the ozone device. SONOTEC also succeeded in
implementing a test input and a 24V switch. The result was an
air bubble detector, which combines safety, functionality and
design in one device, which ensures that no gas bubbles pass
into the patient's vein during the reinfusion of ozone-enriched
blood.

Contactless measuring method
The SONOCHECK ABD06, the only CE certified sensor on the
market, is a contactless air bubble detector specifically designed for industrial applications. SONOTEC designed this sensor for monitoring liquids and stating wet/dry conditions in pipetting and filling as well as mixing and dosing systems in the
chemical and pharmaceutical industry. Moreover, it also serves this purpose in painting and coating facilities and is also
used in dosing fat and for bonding processes. The sensor
sends an analog signal through the tube that is to be monitored to the receiver on the opposite side. If there is an air or gas
bubble in the tube, the ultrasonic signal will be reflected on
the boundary layer between the aid and the liquid. Thus the
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The customiised version of the air bubble detector ABD06

receiver gets a much weaker signal or no signal at all. A microprocessor evaluates the amplitude of the ultrasound impulse
that is picked up by the receiver and sends a defined signal to
the connected device. This device responds with a warning
that is predefined according to the application.
The contactless detection and the compact design of the sensors
are a basic requirement for hygienic, contamination-free applications. The tube, through which liquid flows, is simply put into the
sensor and connected to the device controller by means of a
three-wire cable. This guarantees that a change can be made
quickly and smoothly. No coupling agent is needed, since the
sensor operates on the basis of the dry coupling principle. This
has the advantage that the tube can remain in the detector for
months at a time and stills consistently deliver absolutely reliable
measurement results. A coupling agent such as a gel, on the other
hand, would dry out over time and then lead to problems.

Programmable for specific applications
The color of the medium flowing through the tube has no impact
on the measurement. Likewise, the working temperature has no
effect as long as it remains within the range of +5° to +60° C (41°
to 140° F). The ultrasonic sensor easily adapts to dynamically varying acoustic conditions and thus ensures a high degree of measurement stability when faced with fluctuating environmental
conditions. The measurement cycle of the non-invasive SONOCHECK sensors is 200 µs. The reaction time is typically 1 ms. “As
our customers can attest, our sensors even recognize air bubbles
in a volume of less than 2 µl. We can definitely guarantee the detection of bubbles with a minimum size of 1/3 of the tube's inner
diameter“, says Melanie Schmidt, International Sales Manager
at SONOTEC. If the inner diameter of the tube is e.g. 4.9 mm, the
sensor recognizes bubbles starting at a volume of 5 µl at a flow
rate of 1 to 1,000 ml/min.

tive tube diameter and material, and, under certain circumstances, may be dependent on the medium flowing through
the tube. Another significant advantage of the air bubble detectors is their free parameterization: they can be individually
adapted to the respective safety routine, material properties,
power supply or signal outputs.
In addition to the ABD06, the SONOCHECK product line also
includes the ABD05, which is an air bubble detector specifically
developed for medical applications, as well as the very compact
ABD07. With a width of only 25.4 millimeters, a height of 15.75
millimeters and a depth of merely 19.0 millimeters, the miniature version of the clamp-on sensor is only half the size of conventional air bubble detectors. In terms of performance, however, it lives up to the expectations of larger versions. Using its
adjustable sensitivity, any user can precisely specify the size of
air or gas bubbles at which the sensor will begin to respond.
SONOTEC chose the ABD06 and not its medical workmate,
the ABD05 for HAB's Hyper Medozon comfort, because of the
industrial control unit of the ozone therapy device. The
ABD06 which was designed for industrial applications can be
easily integrated. In contrast to the standard sensor, the HAB
version does not have a lid and light emitting diodes. The ultrasound specialist began producing prototypes of the air
bubble detector for HAB in 2010. One year later, the new customized sensor went into series production. “In the mean
time, many other customers expressed their interest in a similar sensor“, says Peter Ködderitzsch. Incidentally: In the case
of small modifications, a custom-modified sensor is available
in approximately two weeks.

CONTACT
SONOTEC Ultraschallsensorik
Halle GmbH
Nauendorfer Str. 2
D-06112 Halle (Saale)
Phone +49 (0) 345 133 17 0
www.sonotec.de

SONOCHECK sensors have a micro-controller that is programmable for specific applications, and that has expandable
functionalities such as fail-safe, serial communication and reaction speed. The design of the sensor depends on the respec-
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MED Devices Valves
Miniature Lee check valves from the C558 series are used in
the multi-axis prosthetic knee joint 3R106-PRO from Otto Bock.
This enables efficient use of limited installation space.

The Goal of Natural
Movement
A

n intelligent example of productive developments is
supplied by the collaboration between the biomedical
engineering company Otto Bock Healthcare GmbH and
Lee Hydraulische Miniaturkomponenten GmbH. The dedication of Otto Bock Healthcare to orthopaedic technology goes
back as far as the 1988 Paralympic Games in Seoul. Since
then, the company has gone on to become a sponsor of the Paralympic Games and is always represented with its own workshops. The product portfolio of the Berlin company includes
arm and leg prostheses of the highest technological standard,
such as running prostheses for professional and amateur athletes, leg prostheses for skiing, and even wheelchairs for basketball players. For some years now, the two companies have been
complementing each other in their technical expertise for innovative prostheses. Lee Plug expansion plugs are fitted in the
prosthetic components supplied by Otto Beck. While the very
first artificial limbs to be developed were hardly able to replace
any functions of the original body part, the microprocessor-controlled arm and leg prostheses we see today enable much more
complex movements even up to the level of competitive sports.

+
+
+

check valves from the 558 series
flow restrictors from the 2.5 mm series
expansion plugs from the Lee Plug series (reliable at operating-pressures of up to 250 bar).

The prosthetic knee joint 3R106-PRO features mechanical,
servo-pneumatic control swing phase control with a dualchamber pneumatic unit and was developed for mobility
grades 2 to 3. This joint can be used by transfemoral amputees
as well as people with a hip disarticulation and a body weight
of up to 125 kg. The joint has a particularly large maximum
flexion angle which allows a radius of 175°. The movement resistances in the flexion and extension directions can be set separately and individually according to the user’s needs.

The polycentric (i.e. multiaxis) prosthetic knee joint
3R106-PRO from Otto
Bock has been on the market since April 2015. The
valves used in this prosthesis are Lee check valves
from the C558 series. The
miniature size of these valLee Plug expansion plugs are fitves allows the restricted inted in the prosthetic components
stallation space to be used
supplied by Otto Beck.
efficiently. Filling the ankle
unit with hydraulic fluid in the factory enables the movement
resistances of the prosthesis to be controlled with great precision hydraulically.
Lee components from the following series are used in these
prosthetic knee joints and other prosthetic products:
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State-of-the-art leg prostheses
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The basic setting is made by the orthopedics technician and
then the flexion resistance adapts automatically to different
walking speeds, thus enabling a physiological knee angle
when walking. At the point of changing between bending (flexion) and stretching (extension) the joint, the integrated, automatic and noise-absorbing quick venting function helps ensure a harmonious extension movement even at different walking speeds as well as a comfortable limit stop.
During walking, the joint pneumatics exchange air with the atmosphere. This ensures that when walking has finished, atmospheric pressure once again prevails in the joint, meaning
that the joint cannot be pumped up or suffer from lack of air.
The required amount of air for expansion of the pneumatic
chambers is sucked in via Lee check valves from the 558 series in the reverse version. When the joint is bent, air is sucked
in from the atmosphere by the extension chamber and when
stretching by the two flexion chambers linked via a connecting
bore. The two check valves are always either both open (expansion) or both closed (pressure build-up) in alternation.
For this application, the most important characteristics of
Lee check valves from the C558 series are the compact and
sturdy design with maximum transfer, simple handling
thanks to press-in installation with an expansion sleeve, silent switching and reliable operation.

Images: Lee Hydraulische Miniaturkomponenten GmbH

Small parts for big challenges
Lee is constantly developing new products
which are not only adapted to customer
needs but also to the current state of research and its associated findings. For
microfluidics, an entire range of miniature
solenoid valves and ancillary components
was developed, which in turn, is being
constantly expanded – for example a
check valve from the HDI family, which
was supplemented by an N.C. plug-in
version of a 2/2 way solenoid valve.
These new 2/2 way HDI miniature valves feature low power consumption of
only 0.85 W and come as standard with a
12-VDC or 24-VDC coil. The electriCCFM – a check valcal connection is implemented via
ve with higher flow
pins in a 2.5 mm pattern for standard
rate than conventional valves.
mini-connectors. The combination of
small mass with robust materials guarantees a long service
life. These miniature solenoid valves serve to optimise use
of the installation space and are therefore particularly suited to installation in prostheses as well as ambulant or portable devices.

Lee offers a zero-leakage soft-seat check valve in “forward”flow direction.

further development of the known LFVA (Face Mount) series. However, with a weight of just six grames, it is even
smaller and lighter than its predecessors and therefore predestined to accommodate even more functions in a very
small space. It also has an internal volume of just 13 µl,
which helps to save valuable reagents. The rapid response
time of 20 ms at just 0.9 W represents a further optimisation in relation to the LFVA series.

Check valves with elastomer seal
The company also offers a soft-seat check valve in the “forward“ flow direction, with the media flowing in the installation direction of the valve. This applies to the pneumatics
as well as the hydraulics. A zero-leakage check valve has
been demanded by customers for some time now. The softseat check valve with its additional elastomer seal represents a further development of the cartridge-type check
valve C558.
With a diameter of six millimetres and length of about six
millimetres, it is still remarkably small. This makes it ideal
for use in tight spaces such as industrial pneumatics and
medical fluidics systems. Furthermore, the sealing material used can be adapted to customer requirements.
The latest addition to the component range is the CCFM, a
new check valve with even higher flow rate.

CONTACT
LEE Hydraulische Miniaturkomponenten GmbH
Am Limespark 2
D-65843 Sulzbach
Phone +49 (0)6196 773 69 0
www.lee.de

Another valve is a 2/2 way media-separated membrane solenoid valve from the group of MIVs (Micro Inert Valves) – a
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Modern surgical devices, medical practices and clinics have switched to multimedia technologies for a long time. Computer supported interaction between doctor, nurse and patient is the prerequisite for a smooth operation.

The Core of the
Smart Surgery Room
D

igital data and high-resolution images are becoming
increasingly important in medicine. Good medical
computers offer a stable and easy-to-use Human Machine Interface (HMI) which not only helps the doctor during
treatment but also saves or transfers pictures to other computers. Proximity to the patient requires sterile and antibacterial
housing surfaces of the operator terminal. Strong cleaning
agents must not turn the touch surface into opaque glass.
Modern surgical settings, medical practices and clinics have
been converted to multimedia technologies since some time.
Computer-based interaction between doctor, nurse and patient is the prerequisite for a smooth operation. Image- and video-guided operations ensure more security and documentation. The operating staff must be able to operate medical devices and peripheral systems intuitively via a control terminal. A
single screen provides access to the entire operating room,
ranging from room lighting and audio, to air-conditioning and
to control of complex medical devices.
The term Smart-OP finds its origin in the expectation of handling an entire operating room intuitively as, for example, the
own smartphone. In view of the complex interaction of different systems and signal processing or usage of media, the requirements are increasing for the panel PCs in the medical
environment.
Incorrectness on the display, control and data storage can have disastrous consequences in hospitals and surgeries. The
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need for reliable and powerful computers therefore grows enormously. A weak point here are often rotating computer components, such as fans or hard disks. While it is perceived in medical practices as an interference noise, a failure of the fan may
lead to the total breakdown of the machines. “For the medical
sector, we usually offer fanless panel PCs with SSDs. Thus, the
system is silent, fail-safe and nevertheless high-performance.
The specially designed complete systems are ideally suited for
hospitals as POC terminals and are very suitable for the patient
environment with the appropriate standard, “says Albin Markwardt, Managing Director of COMP-MALL GmbH.
The new multi-touch PC, Model WMP-249, from COMPMALL fulfills the standards like EN 60601-1 3 required in
the medical environment. In addition, it enables brilliant
full-HD resolutions for high detailaccuracy for diagnosis in
hygienically sensitive areas. The model is particularly powerful with the large Full HD 24“ widescreen screen and the
Haswell Core i5/i3 processor. The 10-point multi-touch Panel PC even can be operated with gloves. The 24“, 16: 9 display has a resolution of 1920x1080 dots, 250 cd/m2 brightness, 3000: 1 contrast and LED backlighting. The userfriendly, easy-to-clean and flat front with scratch-proof (7H)
glass surface conforms to IP65. Due to the covered connections and card slots the computer is protected against dripping water and dust. The flat medical PC has an antibacterial surface (MRSA) which is insensitive to disinfecting and
cleaning agents and the integrated reading-light makes it
easier for the staff to work.
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We are there
when reliability
is of top priority.

Images: COMP-MALL GmbH

Our innovative sensor solutions
make medical devices even safer
and more efficient.

Fanless 24 "Full HD 10 Point Multi-Touch Medical PanelPC with 4th Gen. Intel® Core ™
i5/i3 CPU, anti-bacterial housing, and EN 60601-1.

An optional UPS provides battery operation of approximately 20 minutes, which is
ideal for point-ofcare (POC) solutions or mobile use at the station. The optional
WLAN 802.11 a/b/g/n connection provides real-time patient care and fast data exchange. The technical specifications of the Model WMP-249 are: 4. Gen. Intel® Core
™ i5/i3 CPU, Intel® DH82QM87 chipset, max. 16 GB DDR3 SODIMM, 2 x COM, 6 x
USB 2.0, 2 x GLAN, audio with integrated speakers, WDT, 2.5 “HDD and / or DOM,
DVI-D and 2x DP output for additional monitors. A PCIe x16 or PCI and 2 x mini-PCIe
slots offer expansion possibilities. RFID, webcam, WiFi, Bluetooth, TPM function,
smart card, CF card and isolated (up to 4 kV) inputs for COM, LAN and USB are available as an option.
The operating temperature ranges from 0 to 40 °C. Mounting is obtained by using
VESA 75/100 or with stand of antibacterial material. The WMP-249 is supplied with
a medically approved power supply.

Author:
Albin Markwardt
CEO COMP-MALL GmbH

CONTACT
COMP-MALL GmbH
Unterhachinger Str. 75
D_81737 München
Phone +49 (0)89 856 31 50
www.comp-mall.de
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MED Devices Operating Systems
The add-on system is used to configure the various systems and
almost all medical applications with standard products can thus be
illustrated. Cost-intensive solutions are dispensed with as a result.

Straight to the Point
I

n many medical work areas, continuously height-adjustable support and swivel arms have long proven to be indispensable. They enable optimal positioning of diagnostic
and therapeutic equipment as well as control monitors and
other medical technology elements with minimal effort in a remarkable radius of action. The need to move up to eight TFT
monitors or widescreen monitors of up to 60 inches within the
visual range is no longer a rarity and this does not yet even constitute the upper end of future requirements. Suitable products and innovative, competent manufacturers are in demand here. HASEKE GmbH & Co. KG is a manufacturer and
developer of support and swivel arms certified according to
DIN EN ISO 9001 and DIN EN ISO 13485.

that could be opened up, and has correspondingly adjusted its
product range. HASEKEoffers therefore now suspension arms
with a loading weight of 1.5 kg to 150 kg for medical areas. In
many cases, the products are not released on the market publicly, but are integrated into your applications by system providers of complex operating theatres or medical equipment developers. With regard to “intelligent movement“, many renowned companies now rely on quality products from HASEKE in
Porta Westfalica.
The HASEKE product range includes lift systems for the usual
standard applications, e.g. operating lights, heat radiators or
small monitors, which are easily integrated into both new and
existing applications via the standard interfaces available on
the market. Newly developed 3-pin 230V/16A rotary plugs are
of course included in the extensive range of accessories here.
The product range also includes gas spring-supported, heightadjustable lift systems with loading weights of up to 150 kg.
For the expansion of the effective range, suspension systems
can also be supplied for all lift systems, such as ceiling driving
carriages, ceiling track systems with cable management, wall
and ceiling connections with interior cable ducting, central
axes and driving carriages. Special coatings for hygiene-oriented areas, monitor supports, pre-assembly sets and the pre-installed wiring of the systems by HASEKE are also part of the

HMA Lift 220 – with commercially available standard interfaces and
360° rotary plugs

With the cooperation of various clinical specialist fields, the
demand for this technology will increase significantly. The requirement for the maximum use of the diagnostic components
most commonly installed on the highly mobile C-arms in hybrid operations will continue to be optimal and comfortable
handling. This poses a great challenge for the equipment developers. The operating surgeon should be able to quickly move the imaging equipment from its current position into the
best possible, ergonomic position for their angle of vision with
little effort when performing the operation.
The senior management of HASEKE GmbH & Co. KG identified very quickly the exciting field of work and the great development potential in the area of medical suspension arms
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HMA Lift 1000, mounted to the ceiling carriage with ceiling track system and cable management
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Images: HASEKE GmbH & Co. KG

It´s the first time such a suspension
arm is on the market, which can guide a
device on a vertical arc without the
mass of the suspended component,
which can weight up to 10 kg having to
be balanced by a counterweight.
The add-on system is used to configure
the various systems and almost all medical applications with standard products
from HASEKE can thus be illustrated.
Cost-intensive special solutions and
long delivery periods are dispensed with
as a result.
HASEKE Managing Director, Dipl.Ing. Uwe Kunitschke, is already looking to the future: “As with all modern
technologies, we are not even near to
HMA Lift 20 – height-adjustable suspension arm from HASEKE, e.g. as a microscope support
reaching the end of the development
line. Our mission is to quickly identify
which components will be required in the future and have
portfolio, as are hydraulic stroke jams or electromagnetic
the corresponding products ready for delivery when the first
“One Touch“ brakes. All swivel axes of the suspension and
customer requests them“.
swivel arms are therefore released simultaneously with this
system at the press of a button, whereby the static friction, as
opposed to friction braking, is practically eliminated. This
does not only facilitate accurate positioning, but also reduces
the physical effort for the users to a minimum and thus noticeably increases operating comfort. However, HASEKE does
not only offer the best solutions for wall and ceiling-supported
CONTACT
systems. The quality products are also installed in medical apHASEKE GmbH & Co. KG
paratus, such as microscopes, ultrasound and sonography
Sandtrift 1
equipment, dental stools etc. In a nutshell, wherever ergonoD-32457 Porta Westfalica
mics and simple and tireless positioning of loads in free space
Phone +49 (0)5731 760 70
www.haseke.de
is required. The rotation lift HMA Lift 150 was developed for
navigation cameras in the area of implant surgery.

igus the-chain ... moving energy made easy ...
®

World's first: The first e-chain in hygienic design
®

The world's first plastic e-chain designed according to
"Hygienic Design" guidelines.
Rounded corners and the absence of threaded connection avoid germ formation. Easy to clean due to open
design and resistant against aggressive cleaning agents
and chemicals. igus.eu/hygienicdesign
®
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DATA MODUL develops and produces HMI solutions for medical
equipment. Long-standing expertise in the division of display and
embedded solutions allows to fulfill all requirements and concerns.

HMI Solutions in Health
Care – Medical Panel PC
re cover glass. The touch screens themselves are optimized for
various control options and can be used in the clinical setting;
also when wearing commonly used gloves made from various
materials (i.e. latex, nitrile, PVC, polyethylene, neoprene, styrene-butadiene-polymer, Tactylon®, etc.). Even liquids on the
display surface do not impair the touch function. Reliable,
user-friendly and simple HMI operation is fully maintained.

Medical Panel PC and Data Modul embedded Board

T

he standard panel PC product portfolio with diagonals
of 7“, 10.1“, 12.1“ and 15.6“ boasts high-quality color and contrast, is user and application oriented and is
resistant against dirt, shock and vibration. Because of their
construction the open frame solutions are optimized for efficient integration into custom IP-protected housing concepts
and systems. Industrial TFT panels guarantee interferencefree optimum video reproduction and the cover glass used has
a smooth surface and is insensitive to disinfection and cleaning agents. DATA MODUL panel PCs and monitors also comply with all hygienic requirements in a patient setting in clinics and medical practices.

“easyTOUCH“ Sensor as High End Standard

A service life of up to 10 years is ensured thanks to the use of
DATA MODUL's own SBC and Toradex's scalable COM (computer on module) product family. Pre-installed operating systems are also part of the DATA MODUL comprehensive solution. Thanks to a modular and cost-optimized process, DATA
MODUL is also able to equip the less extensive projects with
products from the standard range. From small modifications
to completely customized solutions, DATA MODUL AG is the
right choice. The company will provide support throughout the
entire product lifecycle: From inception to development, production, authorization, service and product maintenance. Data Modul is now a certificated company according to the medical standard certification DIN EN ISO 13485.

Application Scope
DATA MODUL is active in medical fields where display units are
required. From portable ultrasound HMI devices all the way to sophisticated respirators and defibrillators. With individual components like TFT panels, touch sensors, embedded boards, monitors and PC panels as well as OEM solutions, DATA MODUL is proactively one of the world's leading suppliers of visualized
solutions in the medical field.

CONTACT

Panel PCs are equipped with the in-house developed “easyTOUCH“ – a PCAP sensor with multi-touch and 3 mm anti-gla-

DATA MODUL AG
Landsberger Str. 322
D-80687 München
Phone +49 (0)89 560 17 0
www.data-modul.com

Author:
Thomas Wolfmüller, Product Manager, Data Modul
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DATA MODUL's Embedded Boards

MED Components Product News

Linear Technology Corporation introduces the LTM4636, a 40A
step-down µModule® switching regulator with 3D construction for
quicker heat dissipation and cooler operation in a small package. By stacking its inductor on top of a 16mm x 16mm BGA package, the LTM4636
benefits from the exposed inductor as a heat sink, permitting direct contact
with airflow from any direction to cool the device. The LTM4636 delivers 40W

dule regulator benefits system designers with its enhanced thermal performance in a small package resulting from the combination of impressive DC/DC conversion efficiency and enhanced heat dispersion. The
LTM4636 operates from a 4.7V to 15V input supply and regulates an
output voltage from 0.6V to 3.3V. Total DC output voltage accuracy is
±3% from –40°C to 125°C.

40A µMODULE REGULATOR WITH 3D STACKED-INDUCTOR PACKAGING ENHANCES THERMAL CONDUCTION FOR COOLER OPERATION
(12VIN, 1VOUT, 40A, 200LFM) with only 40°C rise over ambient temperature.
Full-power 40W is delivered up to 83°C ambient and half-power 20W is supported at 110°C ambient.
The LTM4636 operates at 92%, 90% and 88% efficiency, delivering 15A,
30A and 40A, respectively, to a 1V load (12VIN). The µModule regulator is
scalable, such that four LTM4636s in parallel current sharing mode deliver
160W with only 40°C rise and 88% efficiency (12VIN, 1VOUT, 400LFM).
Device height is 7.07mm, including the inductor stacked on top of a 16mm
x 16mm x 1.91mm BGA package. In addition to dissipating heat from the
top, the LTM4636 is designed to uniformly disperse heat from the bottom of
the package to the PCB with 144 BGA solder balls with banks of them assigned to GND, VIN and VOUT where high current flows. The LTM4636 µMo-

www.linear.com/product/LTM4636

MED Devices Interview

With an Eye on the
Whole Picture
J

osef Krojer, General Manager and Head of Sales and Marketing, and Markus Dillinger, Head of Research and Development and authorised signatory of S.I.E (System Industrie Electronic) explain, in an interview with the editorial
staff, the expert’s specific method of procedure.

MED: As an external development partner for medical equipment, you also integrate the core technology of your customers
with medical equipment that is newly developed. On what basis do you proceed in this respect?

Josef Krojer: As we know exactly where the stumbling blocks
are, it is not sufficient to simply know for what the product developed is expected to be used. To start with, it is important to
understand the workflow of the customer. But the target markets and the intended lifespan of the technology are also important parameters. The requirements’ management aspect is
therefore a significant building block and is discussed with
the customer in detail at the outset. Furthermore, there is the
high value of long-term customer loyalty. Business is ultimately concluded between people. A first project with a new customer is therefore often associated with a getting-to-know-eachother phase that establishes trust.
Markus Dillinger: In this respect, dealing with each other
openly helps us to understand what objectives a costumer

Kepping an eye on the whole
picture is what distinguishes
S.I.E. The company supports its
customers in the development
of medical equipment. In this
respect, the solution provider
not only sees itself as a supplier,
but also as a specialist that accompanies a product from the
idea through to its life cycle management, and also focuses on a
partner relationship with the
customer.

pursues with a project. Many customers already have concrete ideas and are even able to present models. On the other
hand, some customers want to develop a new design based
on equipment that already exists. If a technology needs to be
newly developed from scratch, the customer specifies the required design and functionality. In most cases, however, we
are responsible for a part of a complex system as a full partner.

MED: The division of tasks within a project is critical. S.I.E
takes on the project management and works out the performance specification based on the specifications provided by
the customer. What is essential here?

Markus Dillinger: It is important to define processes and interfaces and to agree on them with the customer. Among other
things, it also involves banal matters that can vary from project
to project, for instance the definition of a prototype. Furthermore, the time spent on the product development process depends on the project. This may simply require two to three
meetings or comprise workshops that take months. If, for
example, the development of a complete medical appliance is
involved, a lot of different disciplines are usually intertwined.
That requires a high degree of coordination. A substantial investment in time, which pays off. Because the defined procedures and milestones form the basis for the smooth verification and validation of a medical product.

MED: As a consultant and service provider, you bring your expertise and own ideas to the table. There is no doubt that you rely in
this point on developments that already exist and thus reduce the
development risk ...

Markus Dillinger: Of course, it makes no sense to reinvent the
wheel every single time. Ultimately a product must be both,
technologically and commercially, successful. It is therefore
our aim to provide several customers with the benefit of the experience gained from a project. This shortens the development times and reduces the risk. Everything that we develop
can also be produced by us to a varying depth of manufacture
– starting with simple systems through to complete solutions.
In this respect, from the outset we strictly bear in mind the
most cost-effective version of the individual components.

MED: How do you ensure the transparency of the development
costs during the entire development process?
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Josef Krojer, Head of Sales & Marketing S.I.E GmbH (left) and Markus Dillinger, Head of R&D S.I.E (right)

MED: Let’s talk about the subcontractors. The suppliers are seJosef Krojer: “Design to cost“ is a tremendously important aspect and is therefore already defined at the conception stage.
However, change requests often come up during the product
development. That is why the product costs are monitored and
documented during the entire process. In addition, we give
the customer the opportunity of accessing all the documentation at any time via our communication platform. We thereby
ensure the highest degree of transparency.

MED: How does the development process continue?
Markus Dillinger: Even at the planning stage, we make the first
models and select both the electronic components and the system and software architecture. If components are bought in to
be configured for a customer-specific system – for example
hard drives and RAMs – the modules must meet the normative
specifications of course. As soon as the prototype is ready, the
time-intensive further development stage begins. Here, change
to requirements and proposed improvements can lead to the
whole verification process being repeated. Next, we make the
arrangements for serial production and test the appliance according to the test specifications defined for the whole production process. Naturally we document the test results seamlessly. Once a product is ready for approval, the customer takes care
of the final approval process.

MED: You also take on the product life cycle management (PLM)

lected by the development of the S.I.E department. What is
the driving force here?

Markus Dillinger: Developers can already see the technologies
of tomorrow. They therefore understand which environment
and which approvals a supplier has to show in order to be able to
guarantee a consistent procedure and to have control over the
whole life cycle. So changes in part lists must be traceable, for
example, and the flow of information must be ensured. That
cannot be taken for granted. That is why these are very important criteria when it comes to selecting our suppliers.
Josef Krojer: The supplier chain is an elementary part of a
smooth process. That is why we place high demands on the subcontractors. Naturally we have a pool of long-standing suppliers
for core technologies. A new supplier must clear the auditing process hurdle. In the end, we can only be as good as our suppliers.

MED: Mr Krojer, a few words about setting targets to conclude
with?

Josef Krojer: We are a service provider and see ourselves as somebody who makes products together with the customer. Many
talk about partnerships in this context. We go a step further and
talk about a relationship. This is based on open communication,
honesty and authenticity. Recently, a customer asked me about
our aim. I told him that our aim is for him to be successful. There
is nothing better to happen.

for a fully developed product. How do you do that?

MED: I would like to
Josef Krojer: For this purpose, we coordinate and integrate
change requests beyond the life cycle of a product. Here too,
we fully document test results, maintenance work and repairs.
The customer receives all the information. That is customary.
Yet, above that, an in-house team monitors the product down
to component level. That enables us to keep a close eye on critical components.

www.med-eng.de

thank you, gentlemen, for the interview.
The interview was
conducted by Carola
Tesche.
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Lift Columns for
any Situation
I

n ergonomically designed operating rooms, safe and yet
flexible patient positioning plays a crucial role. The table
must not stand in the way – in the truest sense of the word.
It must securely position and flexibly move the patient's
weight, yet also be able to accommodate additional weight
from the operating room accessories. And it must allow the
movement of the patient's body in different axes.

usable for applications in medical technology. HOERBIGER
has developed and manufactured these performance-defining
system components for more than 15 years and decisively contributed to the continuous development of lift column technology, jointly with renowned operating table manufacturers.

This kind of mobility of the operating table ensures optimized
access to the patient. With this need in mind, operating tables
have continually evolved in recent years. Modern tables can
carry out as many as 8 movements. During surgery, it must be
possible to change the available positions with millimeter precision at the push of a button.

The core is the electrohydraulic lift column
Performing these functions reliably, quickly and precisely necessitates a central system with high power density that ensures compact movements and carries these out efficiently under
high loads: the lift column. It forms the core and the crucial
component of a modern operating table at the same time. Lift
columns with the market in mind are therefore designed with
electrohydraulic actuators, which blend the advantages from
the two worlds of electrics and hydraulics, rendering these

Patient safety is the dominant topic when it comes to
operating rooms. Securely positioning the patient is of tremendous importance. Medical
technology must not only ensure the patient's safety, but also
allow the medical and surgical
team to operate without restrictions, all the while satisfying a
whole host of legal stipulations
issued by European and national health authorities.
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Lift column High Line (CHL)

The combination of hydraulic and electrical features makes it possible to
optimally satisfy the needs
in the operating room in
the first place. Compact
and quiet hydraulics provide the high power density
and necessary power reserves, and ensure that the
patient is moved comfortably,
precisely
and
smoothly. The compact
design of this electrohydraulic actuator is a prerequisite for requiring the installation of only a single
central lifting system.
HOERBIGER lift columns
ensure freedom of movement for the surgical team,
while securely and flexibly
positioning the patient.

The matching powerhouse
In day-to-day practice, the expected patient weight plays a critical role in the design of the operating table. Based on this variable, the maximum load is calculated, which is derived from
the patient's weight and any additional weight. It is not uncommon in the United States for the stipulated maximum
load-bearing capacity in a centered position to be as much as
600 kilograms. HOERBIGER addresses these requirements
and designs its lift columns against breakage with a safety factor of 4 - one of the stipulations of European medical standards.
Given regionally widely varying requirements, HOERBIGER
has developed a portfolio of lift columns for three performance
categories: Column Trend Line, Comfort Line, and High Line.
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Smooth functionality under real-life conditions
Today's operating tables must be designed for an operating life
of ten years and appropriately tested, involving an extensive
development phase as well as the related validation. This also
applies to the performance-defining components such as the
electrohydraulic lift columns.
For HOERBIGER, this entails not only strict compliance with
statutory provisions, but also gathering and applying extensive
knowledge about applicable regulations in the health sector.
To achieve maximum safety standards, the lift columns are designed in accordance with the relevant European standards
EN 60601-1 and EN 60601-2-46 for medical electrical
equipment. The plant is certified according to the EN ISO
13485 quality standard.

The lift column CCL is suitable for average up to high patient weights

The components used are taken from a modular system and
can be combined to tailor the column to the customer's
needs. A consulting tool featuring preset configurations
and an additional SELECTOMAT showcased at the MEDICA in 2016 offers immediate initial solutions in the meeting with the customer.

HOERBIGER uses the knowledge gained about requirements to advise manufacturers when they work on the development of new generations of operating tables. The multifunctional lift column not only constitutes the core of the
operating table, but also drives innovations for the desired
ongoing development.

The stress test is saved for last
Despite FEM and FMEA, comprehensive practical testing of a
defined number of prototypes, which lasts several months, is
conducted at the end of the development stage. HOERBIGER
subjects the lifting column to load collectives of 10,000 movement cycles, which correspond to the required life time of
ten years. Defined time intervals are in place, after which the
wear parts are analyzed. This endurance test serves as verification of the simulation results to ensure unimpaired, distraction-free working by the surgical team and seemingly freefloating but nonetheless safe positioning and movement of
the patient.

Images: HOERBIGER Micro Fluid GmbH

Author:
Thomas Stockmeier
Global Product Manager Hydraulics
HOERBIGER Automatisierungstechnik GmbH

CONTACT
HOERBIGER Micro Fluid GmbH
Borsigstraße 11
D-93092 Barbing
Phone +49 (0) 9401 785 32
www.hoerbiger.com
Lift column Trend Line (CTL)
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The Right Sensors for
any Application
S

ince it may be the case in warehouse logistics that
distances up to 100 meters have to be measured in
chilly conditions, the major challenge faced by mechanical engineering is in the field of precision. Furthermore, contamination caused by ambient media often hampers
the measurement process: in the field of woodworking, sensors have to function reliably in spite of high exposure to
dust. When wet-processing with CNC-controlled milling machines, sensors are constantly exposed to cooling lubricants. The function of the measuring systems or in other
words, the reliability of the measurement results, may not

Operating under difficult conditions - splinters and lubricant in a CNC
machine

Precise length measurement is
one of the basic conditions for
industrial production. In this
regard, the requirements of the
measuring systems are just as
wide ranged as the fields of application in which the sensors
are used.
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suffer as a result of contamination due to splinters flying
through the air, for example.
Over the past few years, a broad product spectrum has developed in the length-measurement technology industry as a result of this wide range of requirements. It is not easy for end
users to keep track of what is happening in the market. However, early clarification of certain key data makes it much easier
to tackle the broad selection of tailor-made systems.

Basic factors to consider when
pre-selecting a method
The first aspect to be considered is: The more precise the measurement has to be, the more interesting the optical measuring
process will be. In regard to the operational environment, the
following basic rules should be established: the greater the contamination of the operational environment through dust and liquids, the more obvious the advantages of magnetic solutions
become. According to the experience of Uwe Frey from the
Technical Sales Team at MagLine from the measuring technology manufacturers SIKO GmbH, based in the Black Forest, the
precision of the measurement is the key factor when it comes to
finding suitable sensors: “The requirements in terms of precision are of capital importance. If the customer wants to measure
an area with a precision tolerance of ± 5 micrometers, then there is little debate about the fact that an optical system should be
used. In the field of magnetic sensors, it is possible to display a
precision range of approx. ± 10 micrometers.“ However, he also
points out how much has changed in the field of magnetic systems in the past. “Even as recently as a few years ago, values of
less than ± 25 micrometers were unheard of for magnetic systems. This meant that highly precise applications unavoidably
had to be realized by using optical measuring processes.“ It has
been possible to significantly increase the system-precision of
magnetic measuring processes by using smaller pole pitches on
measuring strips, which were attained using highly modern production techniques. The latter product development is also
very impressive in the fields of repeatability and viable velocities. In this respect, Siko has continuously developed its “MagLine“ product range for both magnetic length and angle measuring over the past few years. The MagLine Micro is the product
line in which the highest level of system precision and repeatability can be achieved. The MSK1000 digital magnetic sensor,
for example, can realize resolutions up to 0.2 micrometers and
also has repeatability of ±1 micrometer.
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Optical Measuring Systems –
high precision and magnetic insensitivity

optical scale. The sensor head can be made very small with this
technology. Applications in which dimension plays a critical
role are perfectly suited for the procedure.

The optical systems from the SIKO OptoLine product line evaluate information on an optical tape measure using laser-based
technology. The numbered measurement steps are then sent to
the downstream electronics in form of digital counting impulses. This measurement technique capitalizes on the Talbot effect: the light is distributed at defined intervals in the form of a
grid. A grid structure also appears behind the sensor head. This
grid is then irradiated with monochrome waves, so the light is
distributed more broadly behind the grid. This technique helps
create a comparatively large distance between the sensor and

The precision of the Siko LSC20 optical sensor is around ± 5
micrometers. In comparison with the magnetic system with its
precision levels of ±10 micrometers, this represents a precision increase of a factor of 2. Furthermore, there is now an increased resolution of 0.05 micrometers instead of the current
0.02 micrometers in the field of magnetic systems.
Another advantage of the optical system is the insensitivity
against magnetic disturbances. The use of linear motors, for

»
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Magnet measuring systems –
high efficiency and simple handling
For magnetic measuring systems, the sensor travels along a
flexible magnetic tape without touching it. The actual magnetic tape is mounted on a 0.3 millimeter thick layer of steel
girder. Magnetization takes place with defined pole pitches. A
signal is generated when the magnetic pole is scanned. This is
converted into digital square-wave signals which can then be
processed by downstream electronics. The sensors recognize
the pitch of the band and convert the information into path information in high definition. No direct contact is required in
order to read the magnetic field lines. The MSK5000 magnetic sensor, for example, enables a distance of up to 2 millimeters to the measuring surface.

Schematic drawing of the functionality of the magnetic measuring
system

The user can store the tape as rolled goods and assemble it
themselves. Incremental codings result in robust and cost-efficient all-round solutions. However, if the customer is prepared to invest in a somewhat cost-intensive system, there is also
the possibility of utilizing systems with absolute measurement information: the absolute codings of the magnetic tapes
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increase measuring certainty, if they are fitted with the appropriate absolute sensors – such as the MSA111C from Siko –
they make it possible to determine positions, even when there
is no power. After power outages, possibly after disconnecting
and reconnecting with the system, the actual position value
will be recorded and converted, even if the sensor position has
been altered in the meantime. Depending on the design of the
machine, this may be particularly relevant in terms of safety.
While the longest optical systems measure 30 meters, the
magnetic systems offered can reach 100 meters. As a rule, in
these kinds of applications – such as in the field of warehouse
logistics – it does not come down to extreme levels of precision. In warehouse logistics, mechanical load capacity and insensitivity in the face of ambient influences are much more
important. The longer the overall length of the unit is measured, the greater the price advantage of the magnetic solution
will be. In the field of magnetic sensors, the temperature can
range from -10 to +70 degrees Celsius. However, for special
applications, such as those in the field of mobile automation,
systems from -40°C to +85°C are also already in use. The insensitivity against shock and vibration is another important
advantage held by magnetic systems.

MSK1000 and MSK5000 incremental magnetic sensors, MSA111C
absolute magnetic sensor and LSC20 incremental optical sensor

Features of rotary systems
There are particular challenges when it comes to measuring the
distance of circular movements. In spite of the fact that turning
and pivoting are among the standard applications in mechanical engineering, they pose a challenge for the manufacturers of
measuring systems , which should not be underestimated. Siko
offers magnetically coded measuring bands in the form of flexible magnetic rings without flange or adhered with a metallic
ring (flange). In the processes of attaching the ring, it is inevitable that joints emerge which lead to inaccuracies in measured values. In order to avoid this, a company-own ring manufacturing technique has been established at Siko, in which the
magnetic tape is mounted first and then subsequently coded.
Using this method, it is possible to achieve a system precision
of ±0.05°. As well as the portfolio of company-own rings in a
range of sizes, Siko also offers customer-specific adaptations.
The customer is free to mount Siko bands of a certain flange-diameter by themselves, as a way of making it possible to measure angles of less than 360°. In the case of large quantities of
more than 500 rings, the customer has the option of sticking
and coding the Siko company-own rings themselves.
When it comes to magnetic sensors, SIKO has readily-processed ring gauges which have such a high technical production
quality that measurement of >360 degrees is possible. In the
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example, can cause the appearance of electromagnetic emissions, which may damage or have a negative effect on the magnetic sensor. However, at Siko, linear motors are one of the
main areas of application for magnetic sensors – especially if
the motors are put to use under harsh ambient conditions.
This is because the magnetic external influence of the linear
motors only becomes critical if the sensor head and magnetic
tape are mounted too close to the motor. If the user maintains
a certain safety clearance between the sensor and the motor or
provides a shield, disturbances can be avoided. The further
the motor is from the sensor, the less it affects the sensors.
This means the advantages of optical sensors really become
apparent in areas where space is limited or there are very high
magnetic disturbances.

MED Electronics & Components Embedded Systems
field of optical sensors, Siko does not offer ring gauges, but
measuring bands, which are attached to the flange. This makes it possible to measure angular functions at less that 360
degrees from a diameter of 300 mm upwards. Handling rolled
goods is significantly more demanding with optical bands and
must be performed by trained professionals with the appropriate qualifications. This means that pivot axes can be measured using optical sensors; however, ongoing rotary movements cannot. For example, it is very easy to record the cutting-angle of a saw during fermentation tasks by using this
method. Currently, the distances of an electric motor can only
be evaluated by using magnetic systems.

Conclusion
The market for contact-free and self-finishing measuring
systems has become very differentiated over the past few
years. Now, modern production techniques have made it
possible to manufacture measuring tapes in the magnetic
domain which, to a large extent, overcome the previous
weaknesses of this procedure. Measurement precision up
to ±10 micrometers now enables the implementation of
Author:
Michaela Wassenberg, freelance editor

sensors in the field of precise CNC-controlled machine
tools. The low susceptibility to contamination from splinters and lubricants has significant advantages in comparison to the measuring sticks that were previously made almost exclusively from glass. Unlike the latter, magnetic
measuring strips are available as rolled goods and can so be
used in a versatile range of applications. Configurable optical measuring systems have established themselves now as
an interesting compromise between traditional glass measuring sticks and magnetic sensors. They can also be stored
in a warehouse and adapted to suit the object to be measured. They are much more precise than maximum-resolution
magnetic systems but this accuracy is paid for in a way
through the increased requirements when it comes to the
ambient conditions. Severe contamination or condensation can distort measurement results. One significant advantage of optical systems is their magnetic insensitivity,
which makes them
perfectly suited for
CONTACT
the use in the field
SIKO GmbH
of linear technology.
Weihermattenweg 2
D-79256 Buchenbach
Phone + 49 (0)7661 394 0
www.siko.de
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Next Level Microelectronic and Optoelectronic
Assemblies for Medical Devices (Class I – III)

AEMTEC GMBH
Germany
James-Franck-Straße 10
12489 Berlin
Phone +49 (0) 30 63 92 73 00
Fax+49 (0) 30 63 92 73 02
info@ AEMtec.com
www.AEMtec.com

AEMtec, a leading European provider of hybrid
microelectronic and optoelectronic assemblies
develops, qualifies and produces complex micro
and optoelectronic modules through to complete
systems for medical applications, such as:
■■ Wearables
■■ Handhelds
■■ Diagnostics
■■ Medical Equipment
■■ Imaging Systems
■■ Acoustic Systems
■■ Laboratory Diagnostic
■■ Active Implants.

Highest Quality and Innovation
At AEMtec, quality assurance and quality management covering at least the most common
standards, e.g. ISO 13485, EN 60601 and ISO
14971. AEMtec not only understands the high
quality requirements of the Medical industry
but knows how to satisfy these requirements
by 100 %. In a cleanroom environment up to
Class 100 we are scalable producing prototype
quantities through to high quantity serial pro-
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duction. AEMtec also places great emphasis
on process development work. Diverse concept
developments, exact specifications, feasibility
and systematic risk analysis (FMEA) form the
basis for safe and reliable results.

From Wafer to Module assembly
By offering a high standard of technology
equipment (UBM, SBA, Dicing, COB, FC, SMT,
Box-Build) and process services, our Customers benefit from reduced supply chain time,
risk and cost. Assuming responsibility for the
entire production chain and full product quality
enables potential errors to be more easily identified and eliminated and production processes
to be adjusted and improved accordingly.
AEMtec is a member of exceet Group S.E. with
excellent technology competence in the area of
intelligent electronics and safety technology
through to complete safety solutions. Let us
work together and take advantage of our
unique portfolio of services and assembly technologies for your innovative medical product.
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The measurement of oxygen, gaseous or dissolved, is a multi-faceted task. Numerous technologies and systems are available, in order
to meet the requirements in these different boundary conditions.

O2 Measurement
in Medicine
O

xygen is the third most common element of our solar
system. It is a central part of the biosphere and essential for life as we know it. Oxygen serves as a reactant in
numerous chemical processes of industrial or biological importance. Hence it is not surprising that the measurement of
oxygen, gaseous or dissolved, is a multi-faceted task. Numerous technologies and systems are available in order to meet
the requirements of an oxygen measurement in these different
boundary conditions.
This article is restricted to the measurement of gaseous oxygen within the context of medical technology. Even this limited field places diverse requirements on systems intended for
oxygen measurements.
The application of a measurement of gaseous oxygen in medicine can be divided up into monitoring and therapy as well as
diagnostics. The requirements of these submarkets vary significantly. For the application in monitoring and therapy, the
normative requirements according to DIN EN 80601-2-55
apply. For the field of diagnostics, the standardization guidelines according to ERS / ATS set the framework.
The different requirements and possible, currently available
approaches are outlined in the following.

exceptions, the oxygen is part of a mixture of gases which not
only may include anaesthetics, but as a rule, additionally traces of numerous further volatile, organic compounds (VOCs).
For this reason, “the one“ oxygen measurement does not exist.
The intended use and the accompanying boundary conditions
should always be taken into consideration.
In principal, gas sensors are measurement systems for the
density of particles of the gas analysed. The result of such a
measurement is a value for the partial pressure of the gas examined. As long as this partial pressure is sufficient as a result,
the gathered data can be used without further correction.
Generally, not only a partial pressure, but a volume fraction is
needed as an output value and the comparability of the measurement results is required. Reference values for the comparability are the so-called “normal conditions“. As a consequence, further data has to be gathered in order to compute the needed corrections and hence obtain the required output. The
kind reader can recognize the accompanying dependencies, e.
g. by starting with the “thermal state equation of ideal gases“.

As the humidity of the gas mixture can vary, a suitable correction has to occur. The gathered measured values of the partial
pressure of the gas are then corrected in regard to pressure P
and temperature T of the gas mixture within the required accuThe measurement of gaseous oxygen in medicine generally
racies. These corrections typically occur in the digital signal
applies for a measurement of oxygen in breath or the monitochain. Depending on the measurement technology, a µ controlring of the oxygen which is provided to the patient. With few
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Today“s availability of signal processing capacity also reduces the – historically comprehensible – pressure to aim for measurement
techniques with linear characteristics. A
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congatec AG

congatec AG
Germany
Auwiesenstr. 5
D-94469 Deggendorf
Phone +49 991 2700-0
Fax +49 991 2700-111
info@ congatec.com
www.congatec.com

congatec AG has its head office in Deggendorf, Germany and is a leading supplier of
industrial computer modules using the
standard form factors COM Express,
Qseven and SMARC as well as single board
computers and EDM services. congatec’s
products can be used in a variety of industries and applications, such as industrial
automation, medical, entertainment,
transportation, telecommunication, test &
measurement and point-of-sale. Core
knowledge and technical know-how includes unique extended BIOS features as
well as comprehensive driver and board
support packages. Following the design-in
phase, customers are given support via
extensive product lifecycle management.
The company’s products are manufactured
by specialist service providers in accordance with modern quality standards.
Since the company’s inception in December 2004, congatec AG has established
itself as a globally recognized expert and
reliable partner for embedded computeron-modules solutions, coupled with excellent service and support. We have secured
second ranking worldwide in our market
segment thanks to our clear focus.
congatec’s COM Express platforms with
their widely scalable computing and graphics performance enable the creation of
application-ready, widely usable products.
The quality and durability of the modules,
in combination with their excellent EMI
characteristics reduce cost of development,
service and certification.

Qseven and SMARC modules are even
smaller at lower energy consumption.
These modules are the perfect fit for next
generation ultra-compact and ultra-mobile
handheld devices.
congatec is represented with 230 employees at eight branch offices on four continents in Taiwan, Japan, China, USA,
Australia, Czech Republic, United Kingdom
and France. This consistent expansion
together with our strong partner network
secures close customer relationships on a
worldwide base.
We continue to focus on efficiency enhancement through optimizing processes
and structures in the future. Through close
co-operation with our technology partners
Intel, AMD and NXP, congatec continues to
prove its leading position in technology and
product innovations. In addition to our
successful Computer-On-Modules products, we also offer a large selection of
Single Board Computers and strong Embedded Design&Manufacturing Services
(EDMS) to fulfill the special requirements
for customized computing solutions.
“We simplify the use of embedded technology.” This is the congatec commitment. It’s
not just the products – it’s also the people
at congatec which work hard to perform
this promise. congatec is the right partner
when it comes to embedded computing
solutions.
www.congatec.com
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Typical representative of a electrochemical O2-Sensor, RoHS conform

+
+

Within these boundary
conditions, four measurement techniques have established on the market in
recent years. Here, the
physical features of oxygen, compared to numerous other gases in medical technology, lead to individual qualities.

As a symmetrical molecule without dipole moment, oxygen is not infrared active. As a result, the otherwise widespread NDIR measurement systems are not applicable as a
possible approach.
Oxygen, in deviation of most of the other gases in medicine, has paramagnetic features. The paramagnetism of
oxygen makes it possible to design particularly specific
sensors.

Hence common measurement techniques use paramagnetic,
zirconium dioxide, electrochemical and laser optical sensors:

Paramagnetic sensors

mation of the gas mixture. Certain substances can pyrolyze at
the hot surface of the sensor and can influence the operating
principle sustainably in a negative way. Zirconium dioxide
sensors likewise require an external power supply due to the
measurement principle.

Electrochemical sensors
utilize a liquid, partly appropriately thickened electrolyte.
With the diffusion barrier being sufficiently thin, they can attain response times well below 500 ms. Here, either the galvanic or the amperometric principle is applied. A disadvantage
of amperometric sensors is their limited measuring range until
a maximum of typically 30 Vol.% O2. Therefore, they have to
be ruled out in the first place for many measurement tasks in
the field of medical technology where higher concentrations
of oxygen may occur.
An advantage of electrochemical sensors consists in the low
costs with regard to the initial purchase. Typical, RoHS conform variants are available at the company IT Dr. Gambert
GmbH. Due to the measurement principle, they can generate
a raw signal in the adequate operating mode without an external power supply. A central disadvantage, however, is caused
by the fact that electrochemical sensors are consuming; they
require an exchange after some time, according to operating
mode and oxygen concentration. Amperometric electrochemical sensors also require electronics which are generally external and which require a supply voltage and additional space
in the measuring instrument.

are based on the above-mentioned paramagnetic property of
oxygen. They are free of dominant cross sensitivities. The “Paracube Sprint“developed by the company Hummingbird serves as a typical example. This sensor attains a response time of
less than 250 ms. A central disadvantage of this measurement principle is the use of moving parts. Thus, the sensor is
not appropriate to use in portable or regularly moved devices
as mechanical motion or vibration might distort the test signals or make a recalibration necessary. Due to the measurement principle, paramagnetic sensors require an external
power supply.

Up until some years ago, electrochemical sensors partly suffered from early failures as a result of premature drying-up of
the electrolyte. This problem has meanwhile been solved by
the established manufacturers of such sensors by using more
suitable material and an improved electrolyte composition.

Zirconium dioxide sensors

TDLAS-based measuring modules do not show cross sensitivity. When additional wavelengths are added, laser optical sensors also have the potential to measure additional gases with
the same principle. A central disadvantage, though, are the relatively high costs of the measurement systems at the moment. These sensors need a power supply as well. Due to the
applied optical components, such sensors are significantly
more expensive than electrochemical sensors.

use zirconium dioxide as solid electrolyte. The company’s first
Sensor
(http://www.first-sensor.com/de/produkte/weitereprodukte/sauerstoffsensoren/xya/) is a typical provider. These
sensors can have response times which lie beneath 100 ms.
They are heated to more than 550°C dependent on the principle. However, a central disadvantage is that the hot surface of
the sensor leads to chemical reactions of substances, carried
in the test gas which are hard to predict and might distort the
measurement of oxygen in certain gas mixtures. In the case of
flammable gases with an inflammation temperature which
lies below the sensor temperature there is a risk of an inflam-

MEDengineering INTERNATIONAL 2017

Laser optical sensors use the absorption of light by the gas to
be analysed; in the case of oxygen, the absorption band of a
wavelength of approximately 760 nm is used. Modern optical
oxygen sensors employ adjustable laser diodes (TDLAS) for
this. A typical agent is distributed by the company Servomex.

At this moment in time, there are projects (e. g. at Corscience) in
order to reduce the costs of the applied laser diodes, which is the
central disadvantage of TDLAS systems. Here, different approaches are adopted and combined. First results are promising.
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known and stable characteristics does not pose a
problem to be corrected
for.

MED Electronics & Components Assemblies & Boards
free) in the meantime. Laser optical sensors have the potential
to be used as compact systems as well as to be applied in the
assembling of multi gas-capable systems. The disadvantage
regarding the costs of laser optical sensors becomes increasingly less important. In the final analysis, the responsible person has to search and find the best compromise for the respective application.

Author:
Dipl. Phys. Eckard Glaser, M.A. (SUNY)

Typical representative of a solidstate electrolytical O2-sensor

In summary, one can say that, at present, there is no measurement system for oxygen which is “ideal“ per se. Standards and
requirements with regard to the system environment as well as
the operational conditions require a review of the respective
individual case. Costs, life cycle, mechanical and electrical
robustness, size, availability, measurement accuracy and operating time are only some of the requirements to be weighed.
Electrochemical sensors are attractive with regard to their
price and are also available in a RoHS-conform type (lead-

CONTACT
Corscience GmbH & Co. KG
Hartmannstr. 65
D-91052 Erlangen
Phone +49 (0)9131 977 986 381
www.corscience.de
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Edmund Optics –
From Design to Prototype to Volume Production

Edmund Optics
GmbH
Germany
Zur Giesserei 8
76227 Karlsruhe
Phone +49 (0)721 6273730
Fax +49 (0)721 6273750
sales@ edmundoptics.de
www.edmundoptics.de

• US based company with global locations
for manufacturing, sales- and distribution
• 75 years successful company history
• World’s largest inventory of optical components with more than 29.800 products
in stock
• Manufacturing capabilities: prototyping,
customized production, modifications with
quick turnaround, serial production
• 20.000 stock product available for quick
modifications
• Trustful partner for various industries,
institutions, institutes, and universities
• EO offers numerous optical components
enabling life science devices and treatment
methods

sales representatives around the globe. With a
portfolio of more than 29.800 products, EO
has the world’s largest inventory of optical
components for immediate delivery and offers
products, standard or customized, in small
quantities but also in volume for various industries. With a global team of experts in optical design and manufacturing, EO is ready to
support your next project – from prototyping
all the way to serial production. You can reach
us via phone +49(0)721 627 3730 or by email
sales@edmundoptics.eu. Please also ask for
our latest catalog, we are happy to send it to
you, just contact us!

We Design I We Manufacture I We 
Deliver
Edmund Optics® (EO) is a leading global
manufacturer and distributor of precision optics, optical assemblies and imaging components with headquarters in the USA and manufacturing facilities in the U.S. and Asia and
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Precision You Can Feel
A

nyone who has ever been to see an ophthalmologist or
an optician, knows them: measuring apparatuses to
determine the correct lenses for glasses or contacts. In
the past, measuring glasses were used in used in the different
lenses inserted; today manual or computerized devices are
used, so-called phoropters, which allow the specialist to determine lens thicknesses and axis positions for each eye. In
addition to these values, the very precise measurement of the
pupil distance is crucial for the glasses in order to be effective.
When measuring pupil distance, each phoropter half with its
optical part is aligned precisely to the centre of the pupil in
width and height; then the distance between the centre of the
bridge of the nose to the right and left pupil is recorded. The
alignment of each device half is either done manually or motor-controlled by using a highly-precise screw drive. This drive
is a special form of linear drive, which is characterized by high
reproducibility and non-slippage as well as a high resolution
and compact size. The precision of the screw drive depends
greatly on the quality of its drive spindle and its nut. The drive
working as perfect as possible usually has a decisive impact on
the quality of the final product. This applies specifically to
ophthalmic refraction systems.

Smallest of its kind
“For top class phoropters, the doctor has to sense the precision of the screw drive when he/she operates it manually and
he/she has to hear how the spindle is moved by the motor“,
says Manfred Doms, Managing Partner at DOMS EYE-TECH-

Digital passameter

NOLOGY GmbH & Co.KG
(DOMS) based in Saalfeld,
Thuringia. His company
specializes in developing
and manufacturing ophthalmic examination stations for refraction and diagnostics. A very small and
light phoropter is their latest in-house development. The device is - despite the realisation of all
functional values - the
smallest device by far and
with a weight of only 600
grams also the lightest of
its kind worldwide. Other
comparable phoropters are
about six times as heavy.

Therefore, the fitted screw drives also have to be very small
and very light. Every DOMS-phoropter is fitted accordingly
with two application specific manufactured adjustment units
of the construction size M3 - one with a right and one with a
left-hand thread. For this purpose, DOMS uses spindles with a
gradient of 0.5 mm in the motor-adjustable refraction systems
and triple thread spindles with a gradient of 1.5 mm in the manual versions. “For manual distance adjustment, we require a
self-locking adjustment unit with as few turns as possible for
the adjustment range“, says Manfred Doms, when explaining
the great gradient of the triple thread spindle.

With the precision of a micrometer

The pupil distance is crucial for
fitting suitable lenses for
glasses to ensure a truly ideal
ophthalmic lens determination. It is measured with special
ophthalmic apparatuses, socalled phoropters. Highly precise screw drives are used to perfectly align these devices with
the centre of the pupil.
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Feinmess Suhl GmbH (FMS) is the supplier of customised
screw drives of a length of 37.9 mm. The company develops
and manufactures mechanical as well as electronic precision
measuring instruments and is one of the oldest manufacturers
of measuring instruments in Germany. The focus is mainly on
the development of customer and application specific system
solutions in addition to the production of standard measuring
instruments. This product group also includes the screw
drives specifically designed for DOMS. The extensive knowhow in the manufacturing of precision threads, which is necessary for high-quality micrometers, was used for the production of these assemblies of precision spindles and extra small
brass nuts. The phoropter drives are characterised by their
high efficiency and linearity as well as by the uniformity of the
drive torque and their long service life. A further crucial quality
characteristic of the drives is their smoothness. “Spindle and
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Digital measuring instrument

nut have to be adjusted well to each other, so that the screw
drive feels like a high-quality micrometer between two fingers
while turning it. Only when we achieve this, we are satisfied“,,
explains Theo Merkel, who has been instrumental at FMS in
the development of the precision screw drives for DOMS. FMS
therefore only manufactures highly accurate screw drives by
using the grinding method. Profile accuracy, consistency of
the flank diameter, accuracy of gradient and the best possible
surface quality are crucial factors for the interplay of screw
spindle with a tight-fit nut. Therefore, the company has a fully
air-conditioned grinding workshop with adjacent measuring
room. This enables the measuring technology specialists to
achieve accuracies up to ISO tolerance class T1.
The application specific nuts are manufactured in the inhouse tool shop. There are no limits with regards to design of

spindle and nut in combination with great precision requirements. Screw drives can also be galvanized, scaled and labelled upon request.

Range as broad as the applications
The screw spindle manufacturing program at FMS is as extensive as the applications for screw drives are numerous. In addition to standard screw drives with hardened and ground spindle
threads of ISO tolerance class T5 and nuts made from gunmetal
(copper alloy), it includes amongst other screw drives with coated threads and tight-fit plastic nut, highly precise adjustment
units with gauge accuracy and hardened steel nuts as well as
precision adjustment units with ground spindle threads and
very small nuts or nuts made from special materials. The realisable spindle gradient ranges from 0.25 through to 7mm, the
spindle diameter ranges from 3 through to 30mm. The maximum length of the drives is 500 mm. Metric, trapezoidal, multi-start or Whitworth profiles can be used for thread designs.

Author:
Reiner Kindermann, Marketing Feinmess Suhl GmbH

CONTACT
Feinmess Suhl GmbH
Pfütschbergstr. 11
D-98527 Suhl
Phone +49 (0)3681 381 0
www.feinmess-suhl.de
Units for high-precision adjustment
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MULTILINE E Sets New
Connection Standards
T

he MULTILINE series from Eisele is based on a modular
kit principle with a convincing ease of handling. As a recent addition, MULTILINE E offers adaptive inserts for
electrical and electronic connections, which also provide options for electric power supply. The robust system is additionally
available in a version that is compatible with standard industrial connectors. All of the modular components can be easily
assembled without tools.
The pioneering concept of the MULTILINE ADAPTIVE from
Eisele is used for connecting functional groups to machines. A
modular kit system with adaptive inserts allows combination of
exactly the connections required for a particular application in
one multiple connector. Installation expense and set-up times
can be reduced significantly. Thanks to the fully modular principle it is possible to combine such different connections as
pneumatics, gases, coolants, fluids and even push-in connectors for electric and electronic cables in a single interface.
In cooperation with Murrelektronik GmbH, Eisele has continued development of the MULTILINE ADAPTIVE to create the
MULTILINE E. The unique adaptive inserts can also be equipped with electrical and electronic connections from the Oppenweiler-based company. Depending on the application,
M12 round connectors or other connector types for bus systems, control technology and power supply are used. In addition, hose connections can be integrated. In addition to com-
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bined concepts for different control lines, complete solutions
are also possible for electrical and electronic connections.

The programm INOXLINE 3800 has a large cross section.

For the integration of the E-connectors , Eisele optimised the
design of the base body, which is available in stainless steel or
anodised aluminium. Now, the bore holes for the standardised
outer geometry of the adaptive inserts feature an additional
slot to prevent that the electro inserts twist and to guarantee
the correct polarity of the E-connectors. The asymmetrical hole pattern eliminates the danger of incorrect assembly of the
coupling. The full range of products available from Murrelektronik provides practically unlimited possibilities for configuration of the MULTILINE E.

Individual connections in series
The E-connector line is launched with the widely used and
standardised M12 round connectors in different con-
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structions for diverse applications. They include A-coding,
three to twelve pins, Cube6, Profibus and Ethernet. The Eisele
engineers have also added a version of the M12 power connector for power electronics up to 630 volts: the M12 power connector in accordance with IEC 61076-2-111 is the smallest
and most compact connector on the market and is designed
for cables with diameters up to 2.5 mm2. The adaptive insert
with five power contacts supplies up to 16 A per pin. The new
power connector is protected against reverse polarity, vibrations and shock. The MULTILINE E will be successively expanded to include additional versions based on customer requirements. The entire product spectrum of Murrelektronik is
accessible for this purpose.

Flexibility with regard to the connecting cables

Images: Eisele Pneumatics GmbH + Co. KG

The possible options for configuration of the connection cables are completely open. They are available in drag-chain
compatible, halogen-free or chemical-resistant versions or
with all standard electric certifications in any length needed.
The connection cables can either be connected to the corresponding adaptive inserts with pre-configured plugs or they are
available as ready-made cable assemblies. Of course, users
also have the option to order cables with
free ends for their own custom cabling
of the connections. The MULTILINE E provides the first truly multimedia interface which also allows
fast and easy adaptation.

M12-circular connectors

it has to be disassembled. In the event of errors, such as loose
contacts, troubleshooting is time-consuming. Defective components often have to be replaced instead of repaired.

Modular design – no tools
Eisele’s response to these disadvantages is application of the
modular kit concept of the MULTILINE ADAPTIVE and MULTILINE E to the standard industrial connectors by using robust
adapters. Eight connections can be integrated in one such
adapter. Thanks to the perfect compatibility of the modular design, different connection types and media as well as
different connection diameters,
can be flexibly integrated in the industrial connectors. The entire
supply of the machine – not only
the electrical and electronic connections – can therefore be implemented in a single interface.

With the development of the MULTILINE ADAPTIVE and the MULTILINE E Eisele Pneumatics GmbH & Co.
MULTILINE-E allows to connect various
KG has implemented ambitious goals in
utilities, electrics and electronics completely
The development potential for industriform of a completely new type of proshort-circuit-proof
al connectors is therefore by no means
duct. The Waiblingen-based experts for
exhausted: Eisele sees future perspectives especially in the
solid metal connectors are also focusing their attention on the
development of its own industrial connector in the integration
current standard solution for the central supply of machines
of multiple connections. Another option is the development
and systems: conventional industrial connectors, also known
of new connections to optimise the required manual strength
as Harting connectors, are widespread. Numerous systems
– both for the round Eisele MULTILINE multiple connector
use this type of connector for their electrical interfaces, so that
and for the industrial connector version. A new coupling houthey represent a historically evolved market standard, which
sing for mechanical connecting processes and solutions for
owes its popularity in particular to the robust housing design.
automatic connecting and disconnecting are planned.
However, these connector
systems also have significant disadvantages: their
assembly requires the use
of tools and the plastic inserts, as opposed to the
CONTACT
housings, are fragile and
Eisele Pneumatics GmbH + Co. KG
not especially durable. In
Hermann-Hess-Straße 14-16
Thanks to the adaptive inserts, with
addition, modification of
D-71332 Waiblingen
a shut-off function, liquids and
the pin configuration or
Phone +49 (0)7151 1719-0
electrical power can be combined in
the Eisele industrial connector with
www.eisele.eu
hardware of a Harting conno danger of short circuit
nector is complicated, as
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For many OEMs, a crucial decision in taking a medical device from
concept to market is selecting the best electronics manufacturing service. The article explores the process of making appropriate decisions.

Outsourcing Electronic
Production
I

ncreasing market pressure might convince medical device
companies to focus on certain segments and core competences and then decide to offload the business that does not
fit into that strategy. Contract manufacturers as well as electronic manufacturing service suppliers have played a significant
role in the medical device industry for decades, and that role
will continue to expand tremendously in the coming years. There are many benefits of offloading this business, including:
Lower costs
Reduced capital expenditures
Options for complex manufacturing processes
Benefit from a brought network of partners and knowledge
Freedom from day-to-day concerns
Greater focus on company´s core technology
Lower overhead

+
+
+
+
+
+
+

There is not much of a difference whether the customer operates in the field of prophylaxis, diagnostics, treatment, rehabilitation or even prevention. The process of selecting a partner
for outsourcing development and production tasks always follows the subsequent steps and rules. These are:

Market analysis of potential partners
The partner needs to offer a comprehensive and extensive
basic knowledge in the requested technologies. If possible,
the partner should also have reference projects with similarities to yours that demonstrate their capabilities but that´s not
a must. It´s more important that the potential partner offers an
all-encompassing quality management system covering at
least the most common standards, e.g. ISO 13485, EN
60601 and ISO 14971. Prescreen potential companies by
conducting your own survey and make a first preliminary rating which will be used for your ongoing supplier assessment.

Creating a short list

portant step for supplier selection you can separate the wheat
from the chaff. This means that only suppliers who listen carefully to what you have explained with respect to the project, who
ask the right questions and who transfer the right information to
you and your team are the ones you may put on your short list.

Questionnaire and on-site assessment
Both the questionnaire and assessment techniques are used
for the selection of potential candidates. They are used to help
determine which outsourcing partners have the potential to be
promoted into the project. The assessment team should consist of employees from all divisions which are involved in the
selected project, at least from the engineering, procurement
and quality areas. Based on past experiences, assessment
teams usually slip up by rating and scoring potential partners
through using a “dummy project“. Of course – this procedure
can be used for market research. But it will hinder your internal progress. Discussing assumptions, spending time for
tasks which have to be repeated for the “real project“ is a waste of time and will lower your perception as a reliable partner.
Keep in mind, the potential partner also spends time and money to read and to answer your questionnaire or request for
proposal. Therefore you have to be prepared to poll for the following elements:

+
+
+
+
+
+

Background and objectives including all available project
information
Scope of work, scope of service consisting of schedule,
quantities and life cycle
Working assumptions as well as responsibilities
List of materials and/or equipment which has to be provided to the partner
Methods and standards
Deliverables including acceptance and reject criteria’s
selection

Screen the supplier on the phone. Don´t reveal too many details about your project. Be prepared to listen. In this most im-

Even if the decision to outsource is clear, the selection of two
or three potential partners who will receive your request for
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quotation is the most crucial and important decision. Take
your time. No need to hurry. But there is also no need to delay
the selection process. The record of compliance with regulatory, safety, technology and production standards as well as experience, capability and capacity for producing your product
as mentioned before, are good indicators that the partner will
be able to expeditiously bring your product to market and
maintain supply of the product over time.

Confidence
The hard facts mentioned above are only the tip of the iceberg. From my point of view one of the most misunderstood
but essential decisions to make during a supplier selection
process relates to confidence. Confidence is a soft fact.
Confidence is something nobody is able to explain and to
justify. Confidence is a gut feeling which is given congenitally. Nevertheless confidence follows the Gartner graphic
which is also well known as the “Hype Cycle“. Usually this
graphic is used to explain how and why things went different than expected. But you can use this graphic for the
supplier selection process, too.

Once reality sets in, the program enters the trough of disillusionment. In this phase, there isn´t as much interest and there´s
possibly more criticism than praise. But why is that? Has the
assessment team done a bad job? Has the supplier promised
more than he is capable to do? For sure this will lead into a
melting pot with no loophole.
To get rid of this it is mandatory that during the assessment
phase the scope of work needs to be conveyed without any secrets. Companies are wrong by thinking that it is an advantage
to withhold information. This leads into delays, costs, and dissatisfaction. And – you have to undertake a great deal to achieve the slope of Enlightenment, during which the technology
begins to mature and partners continue to experiment and innovate.
When real-world applications appear and are accepted and
the value proposition gains traction, the relationship between
the customer and the selected supplier hits the plateau of productivity, where more widespread adoption occurs. Once the
partnership reaches this level, it has become established and
viable.

Conclusion
Choosing the right partner is critical for the success of the project. Everyone has to spend the required time to make a good
decision: gleaning as much tangible and nontangible information on all your options as possible and then objectively comparing them. You should have an idea about how to evaluate
and weigh intangible factors into the decision and once you
have made your choice, manage partnerships according to
those criteria. Although everyone has preferred methods for
supplier selection, my suggestion works well for both parties.

Author
Matthias Lorenz, AEMtec GmbH Berlin, Germany

Implant

The technology trigger is where a breakthrough or a new idea
first begins to interest. This covers both your own project as well
as the search for potential partners. As a last resort, this can be
the point of no return based on incorrect interpretations or incomplete information or even wrong expectations . The peak of
inflated expectations is the phase where a concept, a technology or even a completed supplier selection process is seen as the
solution to all ills. At this point, the process is pushed to a limit,
with some successes and plenty of failures. There is a lot of hype during this phase, as its name implies.
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Medical and pharmaceutical applications benefit from Platinumcured silicone combined with advanced processing expertise

The Silicone …
Makes all the Difference
D

ue to its beneficial attributes, silicone is utilized today
in countless medical and pharmaceutical applications. It is the preferred material for sealing complex systems as well as for peristaltic and pharmaceutical tubing. Silicone is available in a wide range of durometers, from super soft
(000) to relatively hard (90 Shore A), and can withstand a range of temperatures. A number of silicones are also biocompatible – meaning they are safe to use in healthcare products and
specific formulations can be implanted in the human body. As
a result, implantable silicones can be used in applications
such as port systems, cochlear implants and gastric bands.
The silicones readily available in today’s market differ not only
in their level of approval for medical and pharmaceutical applications, but also in their crosslinking mechanism. There is a
clear distinction between platinum-cured and peroxide-cured
silicones. Materials that use a peroxide cross-linking system
utilize free radicals in the reaction. As a result peroxide-cured
silicones dissociate with heat in order to start the cross-link reaction. However, the decomposition by-product does not completely dissolve but remains permanently within the manufac-

Cleanliness is important for medical technology components
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Microparts need to be highly precise

turing equipment (extruder or molding machine) and within
the final product. An equation illustrating this point is: A+B =
C+D, where C is the cross-linked silicone rubber and D is the
by-product. This results in a significant odor and the possibility
of leaching of the peroxide byproduct from the material. This
risk of peroxide migrating to the product surface is specifically
of concern in medical and pharmaceutical applications.
“Our experience with clients in the pharmaceutical industry
indicates that peroxide by-products can reach the drug during
processing or filling of liquid preparations,“ notes Sven Rosenbeiger, General Manager, Freudenberg Medical Europe.
“When analyzing peroxide in silicone products, on behalf of
clients, through the detection of 2,4-Di-chlorobenzoic acid
(DCBA) and their derivatives, measurable concentrations are
found at the control limits.“ Mr. Rosenbeiger further adds that
quantifying peroxide and oligo-siloxanes (an indication of correct processing) is done via thermal desorption and subsequent analysis by gas chromatography and mass spectroscopy. The analysis methodology is tailored to each customer’s individual project needs and further developed based on the
customer’s specifications and allowable limits.
In the early days of silicone development, there was no alternative available on the market. However, throughout the last
decade, a different set of silicones have been developed —
platinum-cured silicones. Modern silicones use platinum as a
catalyst with a polyaddition reaction of silanes. The silanes are
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fully integrated into the silicone without decomposition or by-product. This results in platinum-cured silicone tubing, commonly used for medical and pharmaceutical applications,
that is nonhazardous. Platinum-cured silicones do not release any odor nor are there instances
where a by-product could be released. In short: A+B = C. From the material properties perspective, platinum-cured silicones and peroxide-cured silicones are equal. They both provide the
same superior properties in terms of strength, processability and media resistance with regard
to fluids.
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Join top-class industry
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expertise.

Another difference, no less significant, between these two types of silicones is their mechanical properties after radiant exposure. Silicone products, especially tubing used in the pharmaceutical industry, are often subject to intense radiation via gamma or E-Beam as repeated sterilization is required to make products ready for use. “Studies indicate that gamma or E-Beam
sterilization treatments will affect the mechanical properties of peroxide cross-linked silicone
attributes, such as hardness, elasticity or tensile strength result in significant deterioration,“
explains Lars Gerding, Technology Director at Freudenberg Medical. “However, for platinumcured silicone this deterioration of mechanical properties is not distinctive.“
Success with silicone is not just a matter of material knowledge, but also of advanced processing expertise. The behavior of the material cannot be compared with the processing behavior
of thermoplastics, for example. This limits the choice of manufacturers for high-precision silicone components to those processors specialized in medical applications. Freudenberg Medical has been exclusively processing platinum-cured silicones for medical and pharmaceutical
applications for over 10 years. “Cross contamination is not an issue with our products, only
products free of decomposition and other by-products are processed within our cleanrooms“,
explains Dr. Mark Ostwald, VP and General Manager Global Business Unit Silicones at Freudenberg Medical. “At Freudenberg Medical operations in the United States, Europe, and Asia
we process platinum-cured silicone tubing and precision molded components made exclusively with medical, implantable, or pharmaceutical-grade silicone.“

CONTACT
Freudenberg Medical
Europe GmbH
Liebigstr. 2-8
D-67661 Kaiserslautern
Phone +49 (0)631 5341 75 00
www.freudenbergmedical.de
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In addition to silicones, Freudenberg Medical offers
medical-grade thermoplastics and implantable
PEEK as well as a wide range of supplemental services such as coating technology and treatments for
precision molded parts and combination products.
Our services cover the entire value chain, from processing of platinum-cured silicones to customerspecific value-added solutions for medical, pharmaceutical, and biotechnology applications.
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MED Materials & Procedures Sterilisation
Cleaning medical products efficiently and reliably
with process using CO
2

High Cleanliness Levels in
the Medical are a Must
M

edical products, such as implants, instruments and
aids, not only need to be sterile, they also have to be
free of residues from production processes. The necessary cleanliness can be achieved reliably, reproducibly and
cost-effectively with the quattroClean snow-jet cleaning system, despite some products having complex geometries. In
addition, the dry and environmentally-neutral cleaning technology is highly compact, easy to automate and simple to integrate into production lines and cleanrooms.

Dry, residue-free and gentle cleaning process
This is where the quattroClean snow-jet cleaning technology
from acp – advanced clean production GmbH opens up completely new perspectives in the medical industry. The cleaning medium used in this environmentally-neutral technology is liquid carbon dioxide, which is gained as a by-product
from chemical processes, as well as from energy generation
from biomass.
Liquid CO2 is guided through the non-wearing two-component ring nozzle of the acp system and expands on exiting to
form fine CO2 crystals. These are then bundled by a circular jacketed jet of compressed air and accelerated to supersonic speed. The patented technology ensures a uniform
cleaning effect - even on large surfaces where several nozzles are used.

Cleaning a microfluidic system, for example a lab-on-chip product.

Regardless of whether it is implants, surgical instruments
for keyhole or conventional surgery, or many other medical
products, residues from production processes pose a risk to
the patient, even if they have been sterilized together with
the product. In recent years, it has become increasingly important to remove dirt from manufactured parts, such as process media, separating agents, particles, tiny burrs and
dust. On the one hand, high levels of cleanliness and biological compatibility are required; on the other hand, neither
the surfaces or properties of the products may be impaired
by the cleaning process. The classical wet-chemical final
cleaning step with aqueous media often has its limitations particularly if parts have complex geometries, such as blind
holes, or complex contours or structures.
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The jet of snow and compressed air has a temperature of minus 78.5°C and can be focused exactly where it is needed.
When it impacts on the surface to be cleaned, a combination
of thermal, mechanical, sublimation and solvent effects take
place. These four cleaning mechanisms enable the quattroClean system to reliably and reproducibly to remove filmic
contamination, for example residues of cooling lubricants,
process oils, polishing pastes, separating agents and silicons
as well as dirt, such as chips, dust and tiny burrs. The low temperature of the CO2 snow jet also makes the cleaning process
bacteriostatic, thus helping to reduce surface germ counts.
Due to the fact that the cleaning step is using non-combustible, non-corrosive and non toxic CO2 snow, it is also gentle on
materials, even delicate and finely-structured surfaces can be
treated - either the entire surface or just a specific area as required. The aerodynamic force of the jet transports detached
dirt away from the product and is then extracted from the cleaning cell together with the gaseous sublimated CO2. Since the
workpieces are dry on completion of the cleaning process, they
can be further processed or sterilized/packaged immediately.

58

www.med-eng.de

MED Materials & Procedures Sterilisation

By using the CO2 snow-jet system to cool, lubricate and clean whilst machining
PEEK, productivity can be increased by around one third. At the same time, parts
stay significantly cleaner.

Dry final cleaning step - a solution for a whole
range of products
Due to the fact that the quattroClean snow-jet technology is
capable of cleaning a wide range of medical products with
complex geometries extremely thoroughly, it can be used for
various purposes. As an example, the system has been used in
series as a final cleaning step for titanium pedicle screws for
some years now. The quattroClean system has also proven its
worth as a final cleaning process for metal and plastic endoscope component. Excellent cleanliness results are attained
even in extremely narrow tube cross-sections and blind holes.
Such results are impossible – or only possible at high cost with standard wet-chemical cleaning technologies because
these areas cannot be rinsed well enough.
A further domain of the quattroClean snow-jet technology is
micro-deburring and finely cleaning plastic disposable systems for diagnostics, pharmaceutics, analytics and medical
products. One example of these so-called disposables is microfluidic systems, such as lab-on-chip products, for the quick

and easy analysis of human and animal body fluids.
Micro-deburring and fine cleaning is also an issue if
the cleaning system is used in conjunction with innovative drug carriers. These are manufactured by a
special 3-D film containing pylon-shaped chambers functioning as drug reservoirs to deliver drugs
via the skin. The quattroClean system can also be
implemented to simultaneously lubricate, cool
and clean machined implants and medical components made from PEEK. Besides increasing
productivity by over a third, this keeps parts significantly cleaner, with the result that in some cases
a final cleaning step can be done away with completely. To satisfy requirements, a cleaning module can be integrated quickly and efficiently downstream of the machining process.

Test confirms optimized cleaning effect
The highly-efficient cleaning effect of the innovative cleaning
technology has also been proven via a test conducted by The
Natural and Medical Sciences Institute NMI at the University
of Tübingen in Germany. The final assessment of cleanliness,
low particle concentration, cytotoxicity via a BCA test and
functionality (surface structure) showed that the combination
of wet-chemical with subsequent CO2 snow-jet cleaning using
the quattroClean system achieved the best results on all of the
metal samples.

Compact, easy to automate and targeted control
Thanks to its modular concept, the quattroClean system from
acp can be tailored to customer demands easily and has a very
small footprint. This enables manual, partially-automated
and fully-automated cleaning systems to be realized and integrated into existing production, assembly and packaging
lines. Cleaning tests are conducted at the acp technical center
to accurately determine all the process parameters for the application concerned, such as the volume flows for compressed
air and carbon dioxide, as well as the duration of the jet. Material properties and the type of dirt to be cleaned off are also
taken into consideration. Depending on the task at hand, systems for cleanroom use can be designed with their own local
cleanroom system (MENV) including a specially-adapted extraction system.

CONTACT
acp – advanced clean production
GmbH
D-71254 Ditzingen
On exiting the non-wearing, patented two-component nozzle, liquid
carbon dioxide expands to form a mixture of gas and snow, which is
bundled by a jet of compressed air.
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Etching Technology for
Implants – Titanium
Processing Made Easy
C

hemically pure titanium offers low density and outstanding strength by making the material particularly corrosion resistant – an aspect that is especially crucial in implants. Certain titanium alloys, such as Ti-6Al-4V and Ti-6Al-4V
ELI, are also particularly able to withstand bodily fluids, minimising the risk of the body rejecting implants. What is more, titanium binds well with human bones, making the adhesion of implants safe.
Until now, titanium has been associated with high cost due to
the difficulties machining this extremely stable material. Traditional methods, such as stamping and laser cutting, cause too
much expensive waste during the process of manufacturing
finely engineered titanium components, require long production times and do not permit the necessary precision when it comes to edges and surfaces. Photo etching, however, makes it
possible to meet precision, efficiency and profitability standards. Precision Micro was the first company in Europe to offer
titanium etching for the use in volume manufacture and works
with medical device OEMs. Two examples – the production of
titanium implants for the eye area and titanium components for

For years, stainless steel was
considered to be the metal of
choice for a wide range of medical applications. After all,
stainless steel is inexpensive
and resistant to corrosion. Today, titanium and its alloys are
becoming more and more popular thanks to their good biocompatibility, especially in implants.
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implanted defibrillators – illustrate the advantages of etching in
terms of the precision and cost effectiveness of the process.

Efficient and precise etching even when the material has a thickness
of 80 micrometres and openings smaller than 200 micrometres for
intricate current collector grids for lithium batteries in implantable
defibrillators.

Precise and also economical
Photo etching is a subtractive technique used to selectively
etch metal, including corrosion-resistant titanium, with a minimum standard tolerance of ± 25 micrometres. Other
methods, such as photo electroplating, which the etching specialists at Precision Micro also offer, enable even finer tolerances of less than 5 micrometres. A photo-resist mask of the
parts to be produced is printed on the sheet of metal to be processed. All parts are etched at the same time, regardless of
their complexity. This digital “photographic“ tooling ensures
that all the parts produced are identical. What is more, this approach to tooling is simple and possible with little preparation,
making design changes a breeze – a key advantage over the
slow and complicated tooling process associated with stamping and other techniques.
Due to costs, manufacturing methods for processing titanium
need to be fast and keep waste of this expensive material to a
minimum. Because of the outstanding strength of titanium,
conventional machining methods need 10 to 100 times longer than etching to form and shape titanium products. In addition, manufacturing technologies that employ mechanical ab-
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greater stability for the shape. This means that it is possible to
carry out depth etching of screw holes in a single work step.
This saves time and reduces costs. What is more, the lead
times are short and amount to days instead of weeks.
Cranial mesh implants can be given a wide range of characteristics. Through anodisation, for example, it is possible to match
colours. Thanks to etching, the edges and corners of titanium implants are burr-free − something that is extremely difficult to
achieve with alternative manufacturing techniques. This
provides protection for the sensitive areas of the cranium, such
as brain tissue, against potential injuries caused by the implant.
Titanium meshes for implants around the eyes have extremely small
holes with a diameter that is smaller than the thickness of the material. With the etching method from Precision Micro, this difficult
processing work is possible.

rasion leave a large amount of the precious material unused.
With photo etching, specific areas are selectively removed,
which results in little waste.
Another key advantage is the fact that photo etching produces
burr-free parts with clear profiles and no heat-damaged zones
– which can occur through laser cutting – or mechanical stress
from stamping, for example. The metal’s original properties
remain unaltered. Etched titanium parts are characterised by
smooth surfaces, edges and channels without irregularities.

Absolutely burr-free etched
titanium cranial mesh
Photo etching opens up new possibilities in the area of medical implants, which requires solutions that are lightweight,
stable and resistant to corrosion. One example of this can be
seen with the volume production of titanium cranial meshes,
which are used in cases where patients have lost complex or
extensive bone structures due to an accident or a tumour. Very
high requirements are placed on titanium meshes for maxillofacial implants in particular.
These titanium parts generally have even finer structures and
more complex geometrics than those intended for other areas
on a patient’s cranium. In most cases, titanium meshes used
after eye injuries require extremely small holes with a diameter that is smaller than the thickness of the material being processed. These meshes have an average thickness of between
0.2 and 1 millimetre. It is not possible to make these special
holes using traditional etching methods. Precision Micro has
developed a technique, however, that can be used to create
holes where more metal remains around them, which ensures

Author:
Markus Rettig, Sales Manager at Precision Micro in Germany
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Especially thin and complex components
for implanted defibrillators
Photo etching can also be used to produce other high-quality titanium components economically, such as ultra-thin current collector grids for lithium batteries in implantable defibrillators.
They continuously monitor cardiac activity, identify abnormal
heart rhythms and generate an electrical impulse in such cases to
restore a normal heartbeat. These electrical impulses are emitted
by capacitors. When necessary, they must be supplied with the
power they need within seconds and with absolute reliability.
The battery current collector grids are not more than 80 micrometres thick and have a grid form with openings of less than
200 micrometres. They create a link between the positive and
negative poles of the battery, and ensure the battery’s strength
and effectiveness. Ideally, these complex components are manufactured from titanium − a highly resistant material − because the components are subjected to corrosive agents in the
implant. Using a less robust material entails the risk of metal
slivers ending up in the current collectors, piercing through the
separator material and causing the battery to short-circuit.
Photo etching makes it possible to manufacture the complex
structure of the current collector grids cost-effectively. The required production quantities add up to a volume that would be
rather uneconomical to implement with stamping. The stamping tools would also create tension in the surface and burrs
on the edges of the grids – negative effects that must be ruled
out for components in critical applications such as defibrillators. Laser cutting can result in micro-cracks when machining
titanium, as titanium has an especially powerful reaction to
the oxygen used in laser cutting. Also there may form an unwelcome layer of oxidisation on the surface. In contrast, photo
etching is known for being extremely clean. The chemical reaction ensures a selective,
atom-byCONTACT
atom removal proPrecision Micro
cess, which does not
Orchideenstr. 6
strain the material
D-90542 Eckental
being processed.
Phone +49 (0)9126 289 29 24
www.precisionmicro.de
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Together with its customers, Trelleborg Sealing Solutions develops
and manufactures complete sealing systems for the healthcare
and medical with continuous material and product development.

Tried and Tested –
Sealing Solutions
M

edical engineering companies have stringent requirements as far as the quality of their products
is concerned. Therefore, components for medical
equipment, implants and syringes have to comply with precise specifications.

As Andreas Schmiedel, Technical Manager Life Science Europe at Trelleborg Sealing Solutions, explains: “Healthcare and
medical engineering is becoming increasingly important for
us. We are developing and manufacturing sealing solutions
and special components for these sectors made from elastomeric and thermoplastic materials. Whether the components
are for respiratory equipment, insulin pumps or heart-lung
machines, we are constantly faced with the challenge of meeting the industry's increasingly strict requirements with respect to quality, purity and costs.“
In eight global R&D centers, Trelleborg Sealing Solutions specifically compounds materials to develop products for medical,
pharmaceutical and healthcare applications. These materials
include elastomers, liquid silicone rubber (LSR), thermoplastics, polytetrafluoroethylene (PTFE) and composites, which
fulfill the requirements of international regulations and standards. The company's high-quality sealing systems, bearings,
tubes and disposable products used in medical equipment and
in biotechnological applications all undergo full-scale testing.

Strict guidelines for product safety and security

In Stein am Rhein, Switzerland, Trelleborg Sealing Solutions produces highly complex liquid silicone parts. Shown here is a Class 7
cleanroom with a washing station.

For the production of its sealing solutions, Trelleborg uses
state-of-the-art cleanrooms which are controlled and certified
in accordance with the directives contained in ISO standard
14644. In addition, the processes involved are designed and
controlled on the basis of stringent ISO 13485 certified quality systems. The quality, purity and process reliability of the
products are ensured by specially trained and experienced
personnel, high-tech manufacturing equipment and tools,
and fully automated manufacturing methods.

Trelleborg Sealing Solutions relies on a network of state-of-theart research centers when developing materials and products.
The sealing systems which it produces for its clients are guaranteed to be ultra-clean, and after undergoing rigorous testing,
these customer-centric solutions are used in respiratory equipment, insulin pumps, dialysis units and heart-lung machines.

Expertise in material and product development
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At its facility in Stein am Rhein in Switzerland, Trelleborg has
cleanroom capacities for the production of highly complex liquid silicone parts by means of the injection molding process.
As Ursula Nollenberger, Product Director LSR Components at
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Trelleborg Sealing Solutions, explains: “Thanks to state-ofthe-art manufacturing technology, including cleanrooms,
toolmaking, advanced equipment and automation lines, we
are able to make the processes highly efficient here and to provide our healthcare and medical customers with products rapidly. This leads to development partnerships that are based
on customers' requirements and and added on close collaboration, contributing to mutual value.“
Among the innovative product ranges, one of the most notable
developments is the growing number of 2K hard-soft composites, which Trelleborg manufactures by using proven 2K process technology. This method produces customized two- and
multi-component solutions, especially in the micro range,
which integrate critical sealing and protective functions within a larger assembly. The principal areas of application are
combination products such as insulin pumps and other items
of medical equipment, including wearables.
Trelleborg Sealing Solutions has long been renowned for its silicone tubing solutions for medical use – in peristaltic pumps or bioreactors, for example. The range of products manufactured by injection molding include a wide variety of septa, stoppers and
other seals. Among other materials developed by Trelleborg are its
PTFE-based Turcon® compounds. These are used, for instance,

in the production of rotary seals, which are used in high-performance liquid chromatography (HPLC) pumps, for instance.

Partner and player in the industry
Andreas Schmiedel adds: “As a development partner and production supplier to the healthcare and medical industry, we rely
on our global network of research and production centers. We
are one of the key players in the market and our experience
means that we know customers require solutions that are tailored to meet their specific requirements. The development expertise that Trelleborg Sealing Solutions possesses in the
healthcare and medical industry is a valued asset, which benefits and is appreciated by many customers engaged in our development partnerships. With our extensive range of high-quality, future-oriented innovations, we believe we are ideally positioned not only to
meet the increasingCONTACT
ly stringent requireTrelleborg Sealing Solutions
ments of the industGermany
ry, but also to satisfy
Handwerkstr. 5-7
its growing demand
D-70565 Stuttgart
Phone +49 (0)711 7864 8471
for new materials
www.trelleborg.com
and products.“

— — — — — — — — — — — — — — — — — — — — — — — —
Tanaka Holdings Co. Ltd. announced that Tanaka Kikinzoku Kogyo K.K.
has developed the world’s first kit able to directly detect the ZIKA virus
(ZIKV) in blood. The kit is capable of rapid ZIKV detection in just 10 to15minutes.
There is already an immunochromatographic assay method in practical application that detects the antibodies created in the human body following
ZIKV infection, but the new kit makes it possible for the first time to directly
detect ZIKV itself when present in the blood.

conjunctival congestion. If pregnant women become infected with ZIKV, there are indications that the fetus may develop microcephaly, which is an
abnormal smallness of the head, a congenital condition associated with
incomplete brain development. As the possibility has been indicated of infection not only through mosquitoes, but also through blood transfusions
and sexual contact, a kit is required which can perform direct and specific
detection in the early stage after infection using a fast and simple method.

ZIKA VIRUS DETECTION KIT
By applying its unique antibody screening technology and nano-colloidal
gold , Tanaka Kikinzoku Kogyo has developed the new kit using antibodies to
nonstructural protein (NS1) in ZIKV, allowing ZIKV to be detected at a concentration of 102TCID50/mL. This detection performance equals the sensitivity of
other immunochromatographic assay-based test kits for influenza and other
pathogens.
The existing method used for detecting ZIKV in blood is PCR, which requires
special equipment and takes between half a day and one day to complete.
With the new kit, however, the test strip only needs to be dipped into the test
sample to enable ZIKV detection. Additionally, it allows detection in 10 to 15
minutes, equaling the simplicity and speed of the influenza virus detection
kit already in practical application. Furthermore, unlike PCR, it does not
require special equipment, thus realizing cost savings for users.

The simple ZIKV detection kit that is currently commercially available detects the antibodies to ZIKV (immunoglobulin G and immunoglobulin M)
that are producted in the bodies of infected humans, and is therefore not
suited to diagnosing Zika fever in the initial stage of infection.
In order to make possible early identification of ZIKV infection, Tanaka
Kikinzoku Kogyo applied its store of technology, its unique antibody
screening technology, and the nano-colloidal gold manufacturing technologies which it has accumulated over many years to develop a kit capable of
direct detection of the virus
itself. It is hoped that the development of the new kit will
be highly effective in suppressing the spread of ZIKV
infection.

ZIKV infection has been spreading since 2015, particularly in Brazil.
Infected people develop commonly Zika fever, with symptoms of fever and
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MED Software Medical Technology in the Cloud
Healthcare will be a great beneficiary of the growing capabilities of the
IoT and cloud services because remote patient monitoring allows more
proactive measures in order to prevent problems before they arise.

Safe and Secure Medical
Device Operating System
A

perfect storm is brewing in global healthcare: populations are aging, healthcare spending is dominating
GDPs, and governmental policies are pressuring costs
and creating unpredictable effects on the entire system. One
thing that can help calm the storm may be remote patient monitoring or “RPM“. Studies have shown that remotely monitored patients recovering in their own homes and communities
recover more quickly and in more comfort. With remote monitoring more consistent proactive measures can be taken to
prevent problems before they arise.

The RPM Hub – a virtual connection to care
The Internet of Things (IoT) is defined in different ways by different people. In the medical context of patient monitoring,
the “things“ are the devices that connect the patient’s to the
internet to track behavior and monitor vital signs. A data aggregator can be used to the collect patient data for remote
healthcare services. That aggregator would be the “RPM
Hub.“ Healthcare will be a great beneficiary of the growing capabilities of the IoT and cloud services. RPM will be greatly enhanced by low power, high speed, multi-core microprocessors
that integrate analog front-ends, sensor-combos, and a range
of low power wireless connectivity. And don’t forget security.
IoT nodes, including those used for RPM have four basic elements: 1) processor, 2) connectivity, 3) sensor (or actuator),
and 4) security. Security is critical if the nodes are to be trusted and trust is a fundamental requirement in a medical setting, of course. Security in an IoT nodes comes from cryptography, so always look for that.
With a large percentage of total healthcare spending consuming approximately 20% of the GDPs of established
countries, addressing chronic disease is paramount not only in terms of quality of life but in economic terms as well.
Combined with medical breakthroughs, which have raised
the average global life expectancy in developed nations to
over 75 years, the need to abate runaway healthcare costs
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has never been greater. One of the trends in the medical
market is the need to monitor patients who are remote from
a hospital or doctor’s office. Real time monitoring is a key
foundation of telemedicine and telemedicine is a growing
trend.
Physicians or home health care companies can provide patients with a tele-monitoring hub to use at home. Such a hub
connects portable devices that measure blood pressure, heart
rate, blood oxygen content (SpO2), blood glucose, and other
vital signs depending on the specific need and condition. The
measurements are transmitted to the hub via USB, Bluetooth,
or WiFi; and the hub aggregates and relays the biometric data
to the patient’s physician and/or care network at periodic intervals via Ethernet, Wi-Fi®, or a cellular network.

Implementations can vary, but reliability, interoperability,
and security are three key considerations for tan aggregation device. RPM hubs, which are used in less critical situations at home, must still be considered safety- and security-critical medical devices due to the nature of their operation and associated risks. Such systems need a processing
core with an associated Operating System (OS) powerful
enough to acquire, process, interpret, and securely communicate several parameters at once, while also providing
a friendly, straight forward, and safe-to-use human-to-machine interface (HMI).
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RPM Architecture
Breaking down the overall architecture of a RPM Hub, a simplified system block diagram looks something like the figure below:

Images: BlackBerry QNX GmbH

Also available
online

The microprocessor provides the interfaces from the various home-end equipment. RPM hubs provide a user friendly rich HMI for patient interaction and data
consumption, while headless units provide wall wart style plug-it-in-and-forgetabout-it simplicity.
Walking around the block diagram, let’s focus on the critical core elements of the design, such as the processor and OS built on top. A full spectrum of 32-bit processors
offers performance and integration commonly found in RPM hub designs. Today’s hub
designs target mid-performance MPU’s like ARM9. Higher end units with more feature-rich human interaction target ARM Cortex-A8 or A9 cores. The most common suppliers today are NXP and Texas Instruments. Peripheral support, such as integrated
Ethernet and USB, as well as the ability to seamlessly connect to a wireless module
(BT/WiFi/Cellular) are key decision factors. Support for rich, reliable, and safe HMI and
display technologies can further help speed time to market.
Many hub programs today leverage HMI technologies, often using the services of such
companies as ICS or Crank Software, which develop on Qt, and feature rich touch
screen graphics and high definition video playback capabilities.

Seek a Strong Board Support Package
In the not so distant past, medical device design engineers would usually decide on
the target processor first and then build their hardware (HW) around that. More recently, many companies have been collocating hardware and software (SW) designers to work as a team and consider the design as a combined HW-SW platform.
It seems that savvy design organizations and leaders understand that there is a critical relationship between the processor selected and the software that it will run.
This approach shortens time-to-revenue for the medical device manufacturer. So,
it is wise to start by selecting a HW and SW reference platform that comes complete
with a board support package (BSP), that includes an application-appropriate OS
and the necessary drivers.
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Cybersecurity
With a platform that is complete with BSP support and connectivity suites, it is time to focus on security. Cybersecurity
vulnerabilities on certain infusion pump designs is well known
by now. As a result, the FDA has issued warnings to healthcare
providers that in certain makes and models of infusion pumps
are prone to Cybersecurity hacks. These pumps are wired to
the hospital’s infrastructure via Ethernet. The Swiss army knife of connectivity is not only a major feature of RPM, but also
provides a greater level of security exposure. In healthcare, security matters—ethically, legally, and competitively.

BlackBerry QNX OS Microkernel Architecture

QNX OS Microkernel Architecture
The choice of an OS is critical. An appropriate OS would be
one that demonstrates a proven pedigree in that application.
One example of an appropriate OS architecture is the BlackBerry QNX microkernel architecture, which is a bedrock technology that provides stability and safety. Each component in
the BlackBerry QNX microkernel is separated physically in
protected memory space, so the software can be developed,
built, and tested in total isolation. That is a fundamental
point. Each component is protected from each other, and the
kernel is protected, which greatly reduces any chance of corruption. Furthermore, the High Availability Manager can be
used to restart any corrupted process, and can be restarted onthe-fly with the overall system operation being undisturbed.
With an appropriate OS and BSP, designers can focus on their
IP and their application’s requirements rather than having to
become OS and SW experts at the same time.

It’s also in the Peripherals
But that is not the complete solution just yet. The need for connectivity might affect your overall decision on choosing a development partner. It is also a matter of the peripherals. Not
only the availability of the HW connectivity modules, but also
the SW plug-ins should be a major consideration. How critical
that decision will be, depends upon the medical device manufacturers’ tolerance for supporting inventions and IP beyond
their own. If the development team is staffed to manage wireless connectivity and certifications, and manage world-wide
carriers and coverage, then one’s approach to wireless connectivity might be managed well internally. If not, then choosing
HW and SW module partners is critical. In that case one may be
served better by finding a partner who has Bluetooth stacks
that are IEEE-11073 compliant and Wi-Fi modules that are
plug-and-play capable and perhaps has cellular expertise.

MEDengineering INTERNATIONAL 2017

On the January 22, 2016 the FDA issued a 25-page draft cybersecurity guidance document for review and comment entitled, “Postmarket Management of Cybersecurity in Medical
Devices.“ This document contains details outlining considerations for cybersecurity throughout a product’s lifecycle from
design and development through to production, deployment,
and maintenance. The FDA recommends the following:

+
+
+
+
+
+

Monitoring cybersecurity information sources
Assessing and detecting impact vulnerability
Establishing a communication process
Defining essential clinical performance (if a device hack is
accomplished)
Adopting vulnerability disclosure policy and practice, and
Deploying mitigations

Given its functionality, it is highly likely that the hub houses patient data, which only fuels the need to secure the device with
cryptography. If you are considering providing to the US government (such as the Veteran’s Administration hospital system)
then FIPS 140-2 levels of security is required. In any case, it is
wise to choose partners with a strong pedigree in security, so
you don’t have to become a cryptography expert as well.

Other Benefits to seek
Look for HW and SW partners that provide clean IP. Open source SW is not typically clean. That can become onerous. Reliability is of course a key requirement. So, look for an OS where
each and every component (i.e. driver, application, file system, protocol stack, etc.) can run in the safety of a memoryprotected user space outside the kernel. In such an architecture, each component can then individually recover without
affecting other components and provide for self-healing systems without a major system reset.
To bolster security, look for a small attack surface in your OS.
And, look for encrypted filesystems, limited root permissions,
and an ecosystem supporting FIPS 140-2 levels of security.
Furthermore, seek partners that will provide you with a lower
total cost of ownership. An OS which holds a certificate of conformance to IEC-62304 can help eliminate the need for large
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teams managing the OS community (thus it is lowering development and ongoing maintenance costs). With an IEC62304 compliant package you can leverage the Hazard Risk
Analysis and associated documentation for your submission
to the FDA to speed your time to market and reduce opportunity costs. It should be clear by now that designing any medical
system should have safety, security, and reliability in

Author:
Steve Dean, Global Business Development, Healthcare, BlackBerry QNX

mind—at all times. That especially applies to emerging connected medical systems such as RPM, so it just makes sense
to start with an operating system that is
CONTACT
battle-hardened and
BlackBerry QNX GmbH
proven in numerous
Am Listholze 76
safety and mission
D-30177 Hannover
critical
applicatiTel.: +49(0)511 940910
ons.
www.qnx.de

— — — — — — — — — — — — — — — — — — — — — — — —
Mouser Electronics is now stocking the Cree® XLamp® MHB-B
LEDs. These new high-power LEDs enable designers to more effectively deliver lower system costs for high-lumen, high-efficiency applicati-

MHB-A LED in the same 5mm × 5mm package, allowing lighting manufacturers to quickly increase performance for existing MHB designs without any
additional investment. The MHB-B LED enables designs that use signifi-

HIGH-POWER, HIGH-EFFICACY XLAMP MHB-B LEDS
ons designed to meet the new DesignLights Consortium (DLC) 4.0 Premium
requirements. The XLamp MHB-B LEDs combine high light output, high efficacy and high reliability to enable high lumen LED designs that are not
possible with mid-power LEDs. The LEDs deliver up to 931 lumens at 85
degrees Celsius and 13 percent higher lumens per watt (LPW) than the

cantly lighter and smaller heat sinks than designs based on mid-power
LEDs. For example, a high-bay reference design built with MHB-B LEDs delivers 24,000 lumens and more than 130 LPW system efficacy at 44 percent
less weight and 36 percent smaller diameter than comparable high bays
based on mid-power LEDs.
www.mouser.com
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Wireless Technologies
for a World Full of Sugar
A

pp stores are full of helpful applications for diabetics,
but even the best app is useless without correct readings
from blood glucose meters, insulin pumps, blood pressure monitors or bathroom scales. In this situation, a radio link
is recommendable for transferring data. It definitely has more
advantages over USB even if a battery is required: patients do
not need to carry a cable around or struggle with ports. Seeing it
as only natural for patients to replace measuring instruments
from time to time, proprietary radio transmission techniques –
even if they are just proprietary application profiles via wireless protocols – only provide a solution with a short-term perspective. Standardized profiles on the other hand ensure compatibility between various manufacturers, a future-proof solution and greater flexibility. Currently available smartphones
offer users a wide range of interfaces.

Near Field Communication
Today, NFC technology is integrated in most smartphones. It
stands out, in particular, due to its user friendliness and encrypted data communication over a very small range. The latter is, however, a disadvantage for medical measuring instruments, as it means diabetics need to place their handsets right
next to scales, for instance, if they wish to transfer data.

As many as one in ten people
in Germany suffer from diabetes mellitus, with the number
increasing all the time. The
number of diabetics is also rising dramatically in countries
with growing economic prosperity such as China. While smart
devices can enhance the positive care provided to sufferers by
their physicians, choosing the
right wireless technology is not
as easy as it sounds.
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Illustration showing CGM communicating with Insulin Pump

Mobile Wireless Communication
Instruments can use mobile wireless communication to upload
measured values to the Internet automatically and without a
local gateway. A further interesting feature is the transfer of a
safety key via text message. SMS text messaging uses a line
connection without Internet connectivity. Subsequent data
communication can then take place through an IP network.
This method is considered particularly secure as the encryption key is routed via a different network path. However, the
amount of effort involved needs to be weighed up against other
priorities: a contract with a wireless network operator results in
running costs and the required transceiver is much more expensive than with NFC solutions. And if the end devices are exported, certification management is more complex and, depending on the mobile wireless module, very expensive.
From a long-term perspective, only LTE (Long Term Evaluation)
offers the chance to ensuring this additional effort is worthwhile. Switzerland has already announced plans to shut down its
second generation wireless technology (GPRS/EDGE) in a few
years and a number of Scandinavian countries will soon discontinue using third generation technologies (UMTS/HSDPA).
A further obstacle is regulatory compliance certification with
country-specific limits for radiation exposure in terms of frequency allocation, transmitting power, and service life as well
as provider-dependent certification. Several mobile network
operators and service providers per country and a free choice
of SIM card for end customers can quickly lead to eye-watering seven-figure costs. Established manufacturers, such as
Telit offer relevant certificates for almost all wireless modules
and service providers worldwide. With less-known, usually
Asian manufacturers, it is wise to find out as much as possible
before investing precious time developing options.
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Since there are no specific standards for the various types of
data above the SPP stack and Bluetooth requires a high level
of energy to function, a – technologically independent – a lowpower successor has already been developed: Bluetooth Low
Energy (BLE).

BLE

Instruments for monitoring glucose levels

Despite the higher costs, wireless communication is still the
best choice with regard to mobility and independence. The
new, small LTE categories 1 or M are tailor made for IoT applications in which only a small amount of data needs to be transferred every few hours. Ever cheaper hardware with lower energy consumption is now widely available.

Bluetooth
At first glance, Bluetooth appears ideal for connecting measuring instruments. However, the traditional Bluetooth protocol
only provides the SPP (Serial Port Profile) for communication.

While Bluetooth classic splits the 2.4GHz ISM band into 79 x
1MHz channels using a random hopping pattern, BLE utilizes
a double channel bandwidth of 2MHz and only changes the
frequency when it is required to do so. Even the software layers
have a different design: Bluetooth classic has very few strictlydefined application profiles above the host controller interface (HCI); in contrast, BLE offers numerous specified application profiles and services above the GAP/GATT layers, thus
enabling customized profiles. Therefore, the bit stream can be
adapted and optimized to the respective application.
In practice, instrument manufacturers would need to provide
a corresponding app for the most common smartphone operating systems and run a BLE service in the background. Any
changes to the operating system would result in the software
having to be checked and eventually corrected. But even BLE
is not a satisfactory answer in the long term, as interoperability
with other medical gadgets is usually not possible.
Company Profile

Cicor Group – Innovation for success

Cicor Group
Switzerland
Gebenloostrasse 15
9552 Bronschhofen
info@ cicor.com
www.cicor.com

Cicor is a globally active group of leading
companies in the electronics industry. The
Group’s companies provide complete
outsourcing services and a broad range of
technologies for the manufacture of highly
complex PCBs, DenciTec, 3D-MID solutions, hybrids and electronic modules. With
around 1,900 employees at ten production
sites worldwide, the Group supplies highquality customized solutions to clients in
Europe, the US and Asia.

Technological leadership trough innovation
Innovative technology solutions for every
aspect of your electronics
Cicor is an electronics service provider with
an international structure and a broad range
of production capabilities in printed circuit
board assembly, box building, and in the
areas of toolmaking and plastic injection
molding. We offer complete outsourcing
solutions for development and electronic
manufacturing services as well as complete
devices and systems.
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As a leading manufacturer of sophisticated
microelectronics and high-quality substrates, we offer a broad range of state-ofthe-art products and services. In the area of
microelectronics we offer the latest technologies in packaging, assembly and interconnection techniques. In the field of
substrate manufacturing and processing, we
are characterized by the production of highly
complex rigid, rigid-flexible and flexibl
printed circuit boards and substrates using
thin- and thick-film technolog .

MEDengineering INTERNATIONAL 2017

»

MED Software Medical Technology in the Cloud

Checking the sugar

WiFi
WiFi may be an interesting alternative for applications used in
homes in which a robust WiFi network transmits the data securely to a database server. The protocols are generally standards
such as TCP, UDP, IPv4, IPv6, HTTP or FTP. On the down side,
the required WiFi hardware is more expensive than BLE hardware and uses significantly more energy.

ANT is not generally integrated in iPhones, but this is only
marginally relevant when developing measuring instruments
thanks to clever multi-protocol solutions. An ANT plug-in module can be retrofitted to older generation iPhones. For iPhone
4S and above, the connection is achieved using BLE. Most
ANT-based developments rely on a Nordic Semiconductor
nRF51422 or nRF52832, for which free combination stacks
are available for parallel use of ANT and BLE.

ANT

Perfect Combinations

Finding a do-it-all device for producing a blood glucose meter,
insulin pump, blood pressure monitor or bathroom scales appears difficult – but it is available: In contrast to BLE, the ANT
protocol offers:

Quite often it is the combination of various wireless interfaces
that allow ideal use of different product functions. A number of
these are already available as a combined package: BLE with
NFC, BT with BLE, WiFi with BT, BLE and ZigBee, BLE with
ANT and NFC…. Thanks to 35 wireless suppliers, Rutronik has
the right solution for practically every application, and the experts at the Rutronik Wireless Competence Center offer expert
advice and knowledge. This level of market transparency saves
both time and money during the preselection stage, and we
draw on the expertise gained from a wide range of projects to
ensure common and serious mistakes are avoided.

+
+
+
+

Reduced power consumption thanks to leaner software
and a channel bandwidth of just 1MHz without
unnecessary frequency changes
Similar low hardware costs
Much lower costs for membership and product listing
Significantly more flexible network topology which allows
a total of 64,000 wireless subscribers to be integrated into
one ANT network

ANT is supported by almost every smartphone and is highly individual in terms of its use. Standardized application profiles can
be found above the protocol under “ANT+“. Numerous specified
data packages are available
for individual measured values, particularly across the
fields of healthcare and
sports. ANT therefore ensures a manufacturer-independent network of medical
and sports devices that can
most ANT based developments
communicate collectively
carried out on Nordic Semiconvia a central hub as well as
ductor nRF51432 or nRF51422
individually.
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Intelligent distributed systems will connect medical devices in
hospitals and prevent hospital errors. This is the revolution that the
IIoT promises for patient safety – with the help of DDS.

Connected Medical Devices
Prevent Hospital Errors

Clinical challenges
Networking medical devices in a clinical environment is quite
challenging. Information flow mixes slow data updates with
fast waveforms. Delivery times controlling is critical. Integration with data from the EMR must provide patient parameters
such as allergies and diagnoses. Appropriate monitor readings
and treatment history must also be written to the EMR. Large
hospitals must match data streams to patients, even as physical location and network transports change during transfers
between rooms. Devices from many different manufacturers
must be coordinated.
For instance, there are 14 infusion pumps, each administers a
different drug to a single patient. (Figure 1) The pumps are
completely independent from each other and the other devices and monitors. An Intensive Care Unit (ICU) need a similar
array like an operating room (OR). During a heart surgery, for
instance, drugs sedate the patient, stop the heart, start the heart and more. Each drug needs its own delivery device and the-

www.med-eng.de

re are many more devices, including monitors and ventilators.
During surgery, a trained anesthesiologist orchestrates delivery and monitors status. The team has their hands full.

Image: iStock ID:60123548

M

edical devices in hospitals all operate independently. There’s no way to combine the information from
multiple devices and intelligently understand patient status. Devices therefore issue many nuisance alarms. Fatigued healthcare staff members silence the alarms, misconfiguration goes unnoticed and dangerous conditions go unaddressed. People die. Hospital error is the 6th leading cause of
preventable death in the US. It kills over 50,000 people every
year in the US alone and likely 10 times more worldwide. It
harms one in seven of those hospitalized under Medicare. Monitoring patients improves outcomes. That epiphany spawned
the dozens of devices that populate every hospital room, like
pulse oximeters, multi-parameter monitors, electrocardiogram (ECG) monitors and more. Over the ensuing years, technology and intelligent algorithms improved many other medical devices, from infusion pumps (IV drug delivery) to ventilators. Healthcare is much better today because of these
advances – but errors persist.

Medical Device Complexity Problem.

After surgery, the patient must transfer to the Intensive Care
Unit (ICU). This is a key risk moment. The drug delivery and
monitor constellation must be copied from the operating room
to the ICU. Today, the OR nurse calls the ICU on the phone and
reads the prescription from a piece of paper. Then, the ICU
staff must scramble to find and configure the correct equipment. The opportunity for small slips in transcription, coupled
with the time criticality of the change, is fertile ground for
deadly error. Consider if instead these systems could work together in real time. The OR devices, working with a smart algorithm processor, could communicate the exact drug combinations to the Electronic Medical Record (EMR). The ICU system
would check this data against its configuration. Paper and manual configuration produce far too many errors – this connected system eliminates dozens of opportunities for mistakes.

Avoiding PCA overdose
Once in post op, the danger is not over. Many patients use Patient Controlled Analgesia (PCA) systems (Fig. 2). The PCA
system allows the patient to self-administer doses of painkil-
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Patient Controlled Analgesia (PCA).

Images: Realt-Time Innovations (RTI)

ler medication by pressing a button. The idea is that a patient
with sufficient pain medication will not press the button and
therefore be safe from overdose. PCA is efficient and successful. Millions of patients use it every year. Still, PCA overdose
kills 1-3 patients every day in the US. This seemingly simple
system suffers from visitor interference, unexpected patient
conditions, and especially false alarm fatigue.

An intelligent Patient Controlled Analgesia system

Connectivity can also help here. For instance, low oximeter readings cause many alarms. They are only likely real problems
if accompanied by a low respiratory rate. A smart alarm that
checks both oxygen (SPO2) and carbon dioxide (CO2) levels
would eliminate many distracting false alarms. An infusion
pump that stopped administering drugs in this condition
could save many lives. These are only a few examples. The list
of procedures and treatments that suffer from unintended
consequences is long. Today’s system of advanced devices
that cannot work together is rife with opportunity for error. The
common weakness: each device is independent. Readings
from one device go unverified, causing far too many false
alarms. Conditions easily detected by comparing to multiple
readings go unnoticed. Actions that can save lives require clinical staff interpretation and intervention.

Connected systems due to DDS standard
The leading effort to build such a connected system is the Integrated Clinical Environment (ICE) standard, ASTM F2761.
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ICE combines standards, it takes the data definitions and nomenclature from the IEEE 11073 (x73) standard for health
informatics. ICE data communications leverage the Data Distribution Service (DDS) standard. ICE then defines control,
data logging and supervisory functionality to create a connected, intelligent substrate for smart clinical connected systems. For instance, the supervisor combines oximeter and respirator readings to reduce false
alarms and stop drug infusion to
prevent overdose. The DDS DataBus connects all the components
with appropriate real-time reliable delivery.
DDS is an Internet of Things protocol from the Object Management Group (OMG). While there
are several IoT protocols, most
focus on delivering device data to
the cloud. The DDS DataBus architecture understands and enforces correct interaction between participating devices. DDS
focuses on the real-time data distribution and the control of problems. It can also integrate with the cloud, or connect to other
protocols to form a complete connected system. Its unique capabilities fit the medical device connectivity problem well.

Decentralized software data bus
ICE leverages DDS to address these clinical challenges. DDS
models the complex array of variables as a simple global data
space, easing device integration. Within the data space, the
data-centric model elevates programs to exchange the data itself instead of primitive messages. It can sift through thousands of beds and hundreds of thousands of devices to find
the right patient, despite moves. DDS is fast and real-time. It
easily handles heart waveforms, image data and time-critical
emergency alerts.
The RTI connectivity platform Connext DDS is designed to
address the performance, scale and resilience requirements
of the IIoT. The middleware delivers the low-latency and realtime QoS needed to monitor and control physical-world proc-
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esses. Furthermore, it provides the non-stop availability and security essential for
mission-critical systems. Connext DDS provides a rich set of connectivity capabilities optimized for IIoT systems, such as messaging libraries, an adapter framework
and powerful tools. Unlike a traditional database, Connext DDS is a completely decentralized software data bus. The connectivity platform supports all of the fundamental communication patterns used in the IIoT. Given the long lifecycles of industrial systems, it is well-suited to incremental adoption. The scalable, reliable and secure integration bus connects new and existing assets. RTI Connext DDS provides
order-of-magnitude performance and reliability advantages over most other messaging and integration middleware on every supported platform.
Connext DDS complies with the Object Management Group (OMG) Data Distribution
Service (DDS) for Real-Time Systems standard. It supports both the DDS application
programming interface (API) and network interoperability protocol (DDSI-RTPS).
DDS is the only messaging standard designed specifically to meet the requirements
of timing-critical systems. It can deliver over 50 times the performance of IT standards such as JMS, MQTT, AMQP, XMPP and Web Services.

We advise
you!

Conclusion
Smart, connected systems can analyze patient conditions from many different perspectives. They can aid intelligent clinical decisions, in real time. The IIoT will connect many billions of devices together into intelligent systems. Real-Time Innovation’s (RTI)
Connext DDS technology will provide the connectivity platform, leading the industry in
providing quality care while improving the
safety and efficiency of healthcare.
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RESINEX has added STYRON™2678 MED, a biocompatible polystyrene from Trinseo, to its portfolio of polymers. This general purpose injection molding grade has undergone testing based on ISO 10993
standards and is suitable for use in approved medical applications. It combines the versatility of polystyrenes with the specifically high reliability of supply needed in this industry, and it meets extended demands in terms formulation lock, notification of change and lot traceability. Typical applications include
clear rigid packaging, diagnostic components, petri dishes and housings for test kits.

BIOCOMPATIBLE POLYSTYRENE
Beyond the general advantages of polystyrene, such as outstanding transparency, high stiffness,
rigidity and heat resistance, STYRON™2678 MEDalso provides further special characteristics required for medical devices including chemical resistance to fight infection. The material can be
sterilized by ethylene oxide (EtO) and shows very good radiation stability when subjected to gamma- or e-beamsterilization, even at high doses. STYRON™ 2678 MED may also be processed further with secondary operations such as solvent bonding, welding and laser marking, typical for
medical devices. Hence, STYRON™2678 MED opens new applications for polystyrenes, going beyond those of general purpose food grades.
www.trinseo.com
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Emergency Call System “careCLICK“ – development of a new generation device for situations of distress in care centers and hospitals, i.e. when First Aid is required.

Mobile Emergency Call
System
C

areCLICK®, a unique emergency call system was developed within the framework of a Cluster-CooperationProject of the MedTech-Cluster and was especially designed for situations of distress in care centers and hospitals,
i.e. when First Aid is required. The singularity of this device is
the fact that the emergency-call-switch itself does not need
any connection for power supply nor any other kind of battery,
rechargable or not but it is based on a so-called Energy Harvesting Technology.
The required signal-energy is produced simply by pressing the
switch. Thus, careCLICK® is predestined as after-market
equipment or retrofit kit, i.e. for being installed as an upgrade.
Recently, X-Net Services, a company based in Linz / Upper
Austria and the Wittlinger therapy center (Tirol) launched a
2nd generation product with several new features. Alarms can
be fetched, looked at and edited at all times via smartphone or
tablet. Based on the extension of the battery- and current-less
base functions with modern mobile systems, the tool can now
be used as hybrid tool for emergency calls, as display system
and for WIFI.
Situations of distress, such as circulatory problems or collapses, often occur in toilettes, bathrooms, bedrooms or living
rooms. Alerting personell of hospitals, care centers and facilities for disabled persons in such cases of emergency via careCLICK® enables them to save lives. The system can also be
used in private surroundings though.
The emergency call system, which was developed within the
framework of a Cluster-Cooperation-Project of the MedTechCluster, consists of numerous emergency call switches. Applying pressure on these switches, triggers an alarm whereby
the signal is forwarded without any time delay to the careCLICK® Server. Each alarm triggered, is allocated exactly to
one switch and consequently to one room within the facility.
By pressing a switch, more than one action can be implemented simultaneously: notification via e-mail, phone call or text
message to one or more predefined numbers.
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The emergency alarm system careCLICK® does not need any connection for power supply nor any other kind of battery.

Faultless use of careCLICK® in the Wittlinger
therapy center
Following the maturity phase in mid 2013, the first careCLICK®
generation was installed in the Wittlinger therapy center in Tirol
and is in faultless use ever since. The second generation was
installed in 2014. At present, there are a total number of 135
switches and 15 transmitters (gateways) in 2 buildings in use.
At mid-year 2016 alone, there have been 150 – 160 alarms,
whereby the lifespan of one switch amounts to approx. 50.000
times of pressure being applied thereon.
“This device shows the great importance of innovative ideas of
our Small- and Medium Sized Enterprises (SMEs) for improving our daily lives’, states Nora Mack, BSc MBA, Manager of
the MedTech-Cluster.
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or retrofit kit, i.e. being installed as an upgrade. With the exception of the switches, maintenance- as well as system tests
are applied through a specific software. Of course, the emergency alarm switches themselves should also be tested on a
regular basis. Such tests can be integrated in the daily routine
of housekeeping, e.g. cleaning the rooms.

careCLICK also being a patient-WIFI-system
In addition to the mobile function, there have been added 3
additional features:
Image source: X-Net Services GmbH

+
+
+

®

careCLICK demonstration case

Easy & cost-efficient use
The emergency alarm system careCLICK® is cost-efficient,
environmentally friendly and is made for a multi-purpose
use. Packages are available from 600 Euro upwards. The
installation does not require any structural allocations on
the existing buildings, as the assembly of all 3 components
is implemented easily and they can be integrated in existing systems. The emergency call switches themselves do
not require a connection for power supply nor any other
kind of battery, rechargable or not but are based on a so-called Energy Harvesting Technology. The required signal
energy is produced simply by pressing the switch.

gateway (transmitter) can be used as secure patient-WIFIsystem
gateway (transmitter) can be connected to HDMI-compatible screens and can be operated e.g. via Touch-Screen
gateway (transmitter) is firewall and router for subnetworks

The functions can be expanded and upgraded via vpn-connection at all times. In the future, this device shall be available for
the use in additional institutions in Austria and Germany – corresponding discussions are ongoing.
With some 235 partners from the MedTech area the Medical Technology Cluster (MTC) represents a special branch
network within Business Upper Austria, which is intended
to enhance the levels of innovative strength and international competitiveness of companies from the area of medical
technology. One of the key tasks of the Cluster is an intensification of cooperation between partner companies, health
and R&D facilities. Since the foundation of the Cluster in
2002 a total number of 84 ideas of the MedTech-Branche
was transferred into projects.

Thus, careCLICK® is predestined as after-market equipment

Image source: Werner Gaisbauer

CONTACT
Business Upper Austra –
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www.biz-up.at
careCLICK® Team: Franz Neudorfhofer (ATV Elektronik GesmbH),
Gerd Rosenauer (x-visions), Nikolaus Dürk, Katharina Kloiber and Carina Waidhofer (X-Net Services GmbH)
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The rise of the connected medical device promises enormous efficiency gains. At the same time, it gives cybersecurity and the secure implementation of business models a new dimension of relevance.

The Rise of the Connected
Medical Device
M

edical devices are leaving their isolated existence
behind and shedding the constraints of a rigid set of
functions. As connected devices, they use standard
software and hardware platforms and can be outfitted with
upgrades, in a process known by smartphone users everywhere. This makes development more efficient, reduces the time
to market, and paves the way for new business models. At the
same time, it gives cybersecurity, anti-tampering protections,
and the secure implementation of business models an entirely
new dimension of relevance.
As medical devices are becoming more connected, they promise enormous efficiency gains for hospitals and surgeries but
they are also increasingly exposed to manipulation, e.g. unauthorized changes to configurations. Only recently, the IT infrastructure of German hospitals came under attack. Countermeasures, in form of full-coverage protections down to the last endpoint, are needed. The confidentiality of patient data and its
protection against manipulation are just as important. Product
piracy is another extremely urgent issue in all sectors of industry: every two years, the Product and Know-How Protection working group of the engineering association VDMA surveys its
members about the problem. The drastic findings: nine out of
every ten companies have already fallen prey to product pirates.
In 70 percent of cases, reverse engineering was the chosen mode of attack, as it saves the attacker substantial investments in
R&D. The intellectual property in cutting-edge devices like Xray or MRI scanners, dental technology, or smaller devices like
infusion pumps and mobile patient monitors lies increasingly
in the software which can be protected.

Preventative Protection Technology
Solutions for copy, know-how, and integrity protection that
include flexible licensing systems can fulfill the protection
needs in the medical technology industry. The key is software
– diagnostics software or embedded applications in medical
devices – and the data produced or used by it, including both
data needed to run the system and actual patient data. The re-
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asons for protection are diverse. For medical technology enterprises, the key is to protect their devices, down to the level of
machine code, against reverse engineering, manipulation of
the operating parameters, or other tampering.

Encrypting Entire Applications

Protecting Software and Know-How
To protect the intellectual property invested in it, the executable application is encrypted, either completely or by partial
functions, before it reaches the user. All users receive essentially the same software but each user has a specific license
with the keys required to unlock only the paid features. The extent of the user’s rights, be it a single user, network, or time-limited license, can be chosen by product management. WibuSystems’ CodeMeter technology shows how developers can
protect and encrypt their software. The device functions, realized via individually protected blocks, are unlocked with a license and an allocated key. This streamlines production by reducing the number of models and simplifies logistics and
sales process. In addition to securing their intellectual property, device makers have an opportunity to reduce their unit
costs and open up new business models at the same time.

Secure Key Storage
In accordance with Kerckhoffs’ Principle, the encryption methods are public knowledge. The only true secret is the crypto-
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Secure Key Storage with CodeMeter Technology

graphic key, kept in a special, secure container. The strongest
protection is offered by hardware key storage with an integrated
encryption component, a so-called smart card chip that can
withstand side channel attacks (Differential Power Analysis,
DPA). Keys stored in this manner never leave their secure storage, and all essential cryptographic operations take place within
the hardware. Another alternative is the use of encrypted license
files bound to a unique trait of the device (e.g. a serial number).

Protecting Confidential Patient Data
Politicians might legislate how patient data should be treated;
however, the burden of implementing these requirements lies
squarely with medical technology enterprises and their product’s users. Patient data is encrypted to protect its confidentiality and signed to ensure that the data has not been tampered with and originates on the correct device.

Responsive Maintenance and Pay-per-Use Models
Going beyond protection, device makers can use the technology
to monitor (and charge for) the use of their devices reliably and
flexibly, sell add-on options, and unlock time-limited features.
Users could e.g. test different options before committing to a
purchase. The quality of consumables can be tracked with a
Centralized License Administration with CodeMeter License Central

Images: WIBU-SYSTEMS AG

Central License Administration

Encrypting Separate Functional Sections

usage counter in the license that notifies the user to order new
consumables or triggers the purchase automatically when a defined threshold is reached. ERP systems can manage licenses
for additional functions, for consumables, or for access to documents just as effectively as any other part or component.

Temporary Access for Authorized Technicians
Time-limited licenses can be created to ensure that only authorized and properly trained personnel can access maintenance data and functions. The required rights are distributed
by licenses that are renewed at defined intervals.

Author:
Oliver Winzenried, Managing Director of the Medical Technology Working Group
of the VDMA and CEO of WIBU-SYSTEMS AG
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License management systems help create, manage, and deliver
licenses and entitlement rights and can be used for modeling by
product managers. Orders are still created with common ERP or
CRM systems, which use an automated interface to request a
new license from the license management system. Medical device makers can tap into additional revenue streams by following the popular app store model and offering web portals to unlock additional features or functions. Pay-per-use or subscription models can also be used to sell add-on functions. The
acceptance and success of these models are determined by the
safety and comfort of the system and the added value offered to
the user. All medical technology needs to consider at least two
types of stakeholders with their unique needs and security requirements. Device makers want to protect their products from
illegal copying and tampering and introduce new business models to gain a logistical head-start. Users and operators, on the
other hand, have reason to care about the integrity of their devices and the safety of
their data. They want
CONTACT
to know that their
WIBU-SYSTEMS AG
medical devices beRüppurrer Str. 52-54
have exactly as they
D-76137 Karlsruhe
were intended to and
Phone +49 (0)721 931 720
www.wibu.com
approved for.
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MED Software Data Transmission
Digital photos and videos are playing an ever increasing role in the
surgical routine – both in supporting the intervention and in its
documentation

Record, view, archive
C

ontrol of various devices however can be very costly, especially when working with proprietary or siloed solutions. As an alternative, and as a supplement to its medical display consoles, EIZO has developed CuratOR™, control
software that brings together all video sources and monitors
regardless of manufacturer. “Caliop“ makes possible centralized, fast access to all video systems in the OR. In addition, the
software can link with the hospital information system, radiology information system (HIS/RIS), and PACS, where patient
data for the intervention can be selected and recordings reliably saved to the appropriate folder.

Modern operating rooms have become high-tech cockpits. The EIZO
CuratOR™-Surgical Panels, in combination with the new Caliop software, help keeping the overview.

To date, image acquisition modalities in the OR and the corresponding playback devices have usually been controlled manually using buttons, which can become confusing as the
number of systems grow – not to mention the intricacies associated with hygiene. Specialized software for the various devices does little to help, because each system can only run with
its own software. In contrast, the Caliop control software has
been intentionally designed as open and equipped with all required interfaces in order to communicate with the video sources and sinks of any manufacturer using a uniform user interface. The operator, usually an OR nurse, has all systems clearly shown on a monitor, and using a mouse or by touch – which
requires a corresponding display – can start and stop recording and display the images at the various screen in the room
according to the surgeon’s specifications. Even function keys
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from third-party devices can be connected with the program so
that, for example, the surgeon can record endoscopic images
and sequences by pressing a button.

Administer patient data, images and OR time in
parallel
All videos and images are temporarily stored in the system, so
that the physician can view the images again before they are
either deleted or saved in the patient's folder. In the same way,
previous images from the HIS, RIS, or PACS can be selected
and displayed as required during the operation. At the start of
the intervention, the nurse simply selects the patient from the
worklist and immediately has access to all relevant information.
At the same time, all recordings as of this selection are automatically linked with the patient, making incorrect assignments impossible. In order to meet the required transmission standards,
Caliop is DICOM compliant. At the same time, live streaming of
the OR is possible, for educational purposes for example.
Additionally, the software contains a timer and a countdown
module that can be used for example to monitor the time required to harden medical cement or the duration of a blood
pressure cuff. While working in the program, this timer including an optical time bar are clearly visible in the task bar at the
bottom of the screen, providing a reminder of the set time. In
addition, other functions can be administered easily; for exam-

Patient data management, image and video control as well as the documentation of recordings are some of the core features of the Caliop
control software from EIZO
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The software can access the worklist thanks to its link to the HIS. The user simply selects the current patient to open data from the folder or to
archive new recordings there.

ple, up to eight recordings in parallel from different devices.
With a click you can open a preview or toggle between windows.

Images: EIZO GmbH

Stream-lined, touch-optimized program interface
During the development, a great deal of value was placed on
intuitive usability. All menus are self-explanatory in terms of
names and symbols, subcategories open and close as selected
in order to keep the interface orderly. Moreover, the system is
modular in design; unused functions are fully hidden, further
streamlining menu navigation. To the same end, logged-on
users can place frequently-used functions in a dashboard on
the opening page so they can be selected immediately. When
they log in, the workflow accelerates. “The goal is to centralize
and optimize the entire OR workflow. For this reason we are already planning modules with note function and enhanced building technology control“, said Matthias Lubkowitz, site mana-

ger of the EIZO subsidiary in Plauen. Caliop can also be adapted
in terms of optics and design, and was built with usability in
mind. For example, input and result fields are in different colors, the operating elements are arranged in the lower part of monitor that is easier to reach, and all input areas are at the same
level, so you only have to move your finger or mouse a little. Finger sizes and pressure types were examined for the touch function, to ensure reliable recognition of the applicable field. For this
reason, touch operation should be avoided on very small displays, because the buttons cannot be accurately tapped.

Can be used regardless of manufacturer
The software has been designed as the standard interface for
EIZO’s CuratOR™ system for image recording and playback in
the medical area, but also runs without problems with the IT
environments of other providers. “In this regard Caliop is also
manufacturer-independent, and can be used as a standalone
system“, said Lubkowitz. The program is compatible with
Windows 7 and higher as well as Java version 8 and higher.
Caliop is already undergoing testing at initial reference sites.
The video management and documentation software was officially introduced in Europe at Medica in Düsseldorf, together
with three new standard configurations for the Surgical Panels, the EIZO medical display consoles.

CONTACT
EIZO GmbH OR Solutions
Kopernikusstr. 80
D-08523 Plauen
Phone +49 (0)3741 423 65 0
www.eizo-or.com

The recordings are buffered in the system and can be viewed there
again. This makes it possible to select the files, which are stored for
documentation in the patient record in the HIS, RIS or PACS then.
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MED Software I&C Systems
Speech recognition, neural networks, and deep learning
in medical technology

„ Computer, anamnesis!“
S

peech recognition in medicine goes far beyond basic
dictation. Computer-assisted systems for improving
clinical documentation learn clinical processes so
well, they can even, for instance, remind a doctor of missing
laboratory test documentation he had tended to order in the
past. Computer-assisted systems optimize more than just billing. They make compliance to quality standards easier and
improve sequences and protocols.
But what about differences in speech? Can a learning-based
speech recognition system be developed so that it adapts to
varying linguistic features like the unique vocabulary of an individual physician? Scientists have found the answer in a type
of neural network called DNN (Deep Neural Networks). They
accelerate machine learning and offer many opportunities for
further development.

calculation in the neurons, or the weighting of the input.
Classic DNNs are a one-way street: information flows from the
input layer through the hidden layers to the output. In the language of machine learning, DNNs fall into the “feed-forward“
category. They work best when all necessary information is
available simultaneously. This preference for simultaneity
makes sense since neural networks were developed to process
images. An image is available immediately, while language
unfolds over time. Even a simple statement can take several
seconds, and may depend on older information (something
said a minute ago, a year ago, a decade ago) to convey meaning. We call this context.
Theoretically, a system could wait until entire statements are
finished and then push them through a DNN all at once. The
feed-forward network would be able to perform speech recognition in one step. But this method, even though suitable for
the DNN, leads in practice to longer delays, for example with
dialog systems such as personal assistants. Voice recognition
is a very computationally intensive task and the engine usually
must start immediately after a speaker begins in order to have
a response ready when he has finished speaking.

Different neural networks

A doctor dictating specific information

Deep learning
Deep learning is all about neurons. These building blocks of
our nervous system arrange themselves in layers between information input and output – the same is true for “artificial
neurons“, small entities able to process a simple calculation
and pass on information to the next neuron. The more layers,
the deeper the neural network. With 6 or 7 layers, DNNs are
particularly deep. Deep learning also suggests deep thinking,
a metaphor often used by supercomputers, such as Deep
Thought and Deep Blue. “Learning“ is actually a metaphor
too. The system is in fact highly optimized for specific outputs, by changing, for example, the number of neurons, the
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Achieving context, however, requires fundamental memory
capabilities. This is where a special type of DNN comes into
play: the Recurrent Neural or Reconnected Neural Network
(RNN). The neurons of a RNN have access to their own former
state (or even to those of other neurons). These feedback loops
create a kind of memory. Language models that predict next
words are based on the likelihood of learned word combinations. If a sentence starts with “the early bird catches,“ it is
highly likely that the next words will be “the worm.“ This helps
to further increase the speed and accuracy of detection.
However, advancing the acoustic modeling and analysis of the
phonemes means using a different kind of neural network: a
Convolutional Neural Network (CNN). Like DNNs, CNNs developed from the field of image recognition and, unlike RNNs,
are used to process the entire input at once – be it an image or
a statement. This is done by neuron clusters, which lie close
together and process overlapping cut-outs. The common cove-
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rage of the entire field is called convolution.
CNNs can process raw voice data end-to-end, which is without
manually defining features. They follow the speech signal in
an input field with a time axis, and the energy distribution over
different frequencies on the y axis. Thus, they automatically
learn which frequency bands are particularly relevant to
speech. In the upper levels of the network, emotions can also
be recognized in the speech signal.

The combination of neural networks with CRFs is the wisest
choice. At Nuance, these models are called “NeuroCRFs“: the
neural networks attend to the feature selection while the CRFs
do “the rest.“ Above all, RNNs are suited for working with
CRFs thanks to their built-in memory function. RNNs can “remember“ contexts with variable lengths, while other forms of
neural networks require arbitrarily defined window sizes. Intelligently combined models can therefore exceed CRF output
that already functions well by more than ten percent accuracy.

Understanding meaning

Images: Nuanche Communications Germany GmbH

A system can already be trained to recognize medical vocabulary and even individual pronunciation. Medical assistance
programs can therefore respond quickly. But how can they understand what the physician intends to do? So-called intent
classification or intent determination is needed to understand
natural language. It helps to recognize what type of task the
user wants to do.
When entering “Prepare a blood count for John Doe,“ the intention would be “request_blood count.“ This intention is
usually expressed by a word or group of words which are usually in close proximity to one another but whose exact position in
the request is unknown. With CNNs, this task works ten percent more accurately than with previous technologies.
Natural language understanding attempts to give meaning to
the words identified by speech recognition. To do this, it is also
necessary to recognize so-called “Named Entities.“ These can
be certain diagnoses or treatment methods, for example. Mathematical models are needed to recognize these words and
process them correctly. Hidden Markov Models were used for
this purpose in the past. Today, another model brings the sequence of words into line with a set of labels: Conditional Random Fields (CRF).

Mathematical models
In contrast to pure speech recognition, mathematical models
make it possible to wait for the end of the statement when assigning labels. The advantages of seeing all of the words at once outweigh the slight delay. Besides, the meaning is understood significantly faster than with basic speech recognition.
The model of Conditional Random Fields is excellently suited
for this task and is much faster than the previous models.

Conclusion: automation in the hospital
Understanding the different types of neural networks help to
better recognize and process spoken language. CNNs help to
improve acoustic modeling while RNNs help especially with
language modeling and detecting context. The intention of the
speaker can also be understood with mathematical models
such as CRFs. The harmony of these elements results in a system that not only performs dictation with 98% accuracy and
immediately provides results digitally, but also points to a future in which it will be possible to fill out electronic health records automatically, to increasingly automate clinical documentation, and to achieve even better compliance to quality
standards.

CONTACT

Nevertheless, mathematical models have a disadvantage. The
system must be taught manually how to determine the criteria
for whether a particular word can be assigned to a label. Do
they only have to pay attention to the words or to their grammatical affiliation? Should neighboring words on the left and
right be taken into account, and, if so, how many of them? It is
fitting that this feature selection is something that neural networks master very well: they develop an understanding of what
the main features are on their own.
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