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3SUMMARY 

Microsystems Technology has been supported by the Federal Minis-

try of Education and Research (BMBF) since 1990. The progress

made so far has been remarkable. An international evaluation

team that analyzed the funding by the Ministry, the current stage

of development as well as future prospects in MST confirmed that

the support for MST was highly effective. However, they also found

that there are still many obstacles to the innovation process that

require a continued national effort. These obstacles have a

determining influence on the technological policy issues of the

“Microsystems” framework program, which is a follow-up to the

“Microsystems technology 2000+” program  concluded in 2003:

• Improved networking of R&D facilities, MST manufacturers

and users, with special regard to the requirements and inter-

ests of medium-sized enterprises.

• Enhancement of the technological and structural base for

development and production services to manufacture MST

products and components efficiently and cost-effectively.

• Development of modular MST to become practical and tested

interfaces and standards.

• Securing future technological options of system integration

through the timely development of new technologies.

• Further development of education and training possibilities in

MST.

• Facilitating innovation financing in the MST area and their

applications.

The BMBF is aiming for the maximum economic and social lever-

age effect with the currently starting “Microsystems” framework

program. Funding will therefore concentrate on topics which par-

ticularly strengthen the innovative power of the German economy.

Due to a highly dynamic technology and market development in

MST, the contents of the support have been made flexible. An

accurate outline of main tasks and of the national action needed

in detail is not defined in advance for the whole duration of the

program. Discussing the issue with the parties involved from

industry and research, the BMBF will identify those thematic

fields where well-defined obstacles to innovation have to be

overcome and funding will have its maximum economic and

social impact.

The innovation process is developing in different ways in the

individual fields, which may result in highly different features of

the main areas of concern. The contents and instruments of fund-

ing will be adjusted according to the problem areas and necessi-

ties of the respective branches and fields of application. Problem-

integrated monitoring ensures that goals and milestones are met

and an efficient allocation of public funds is thus guaranteed.

The focus of the program is still on collaborative projects between

industry and research. Collaborative projects under industrial

guidance have proven especially well suited for application- and

industry-oriented funding. Specifically, the involvement of

small- and medium-sized enterprises will thereby be supported.

In addition to the funding of direct R&D projects and infrastruc-

tural measures, information services and communication pro-

cesses with innovation-assisting measures are supported. That

involves strategic measures to continuously develop a frame-

work program like “trend scouting” for new technologies and

applications as well as measures to enhance the international

position of German MST manufacturers and users through edit-

ing information and realizing benchmark activities, to increase

the public understanding of science (PUS), for further education

and training in MST, and to utilize the results of the individual

project beyond its duration.

Summary
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5A MICROSYSTEM – MORE THAN THE SUM OF ITS PARTS  

Basically, the principle of Microsystems Technology (MST) is an

invention of nature and thus as old as life on earth. Every living

being is made up of a multitude of special microsystems – cells

that in most cases are as small as a few micrometers. One micro-

meter is equivalent to 0.000001 meter, or one millionth of a meter.

Despite its minute size, such a body cell is an incredibly efficient

system.

It transforms energy, produces building blocks and signal sub-

stances for the body, generates and conducts electrical signals,

communicates with its neighbors and more distant partners and

is even capable of repairing itself and multiplying. Depending on

the job it is called upon to do in the body, the cell is specialized for

one activity or another.

The diversity and efficiency of these natural microsystems is an

impressive achievement of nature. Since the beginning of the

nineties, man has systematically put to use many of the principles

upon which nature is based, with the goal of developing technical

systems. Microsystems are potent little systems that are able to

perform many jobs better and cheaper than the “great prototypes”

they are modeled on.

Today we already have a countless number of devices and applica-

tions where Microsystems Technology plays a pivotal role. Almost

invisible and unnoticed by many people, microsystems are assum-

ing important tasks in such fields as communication technology,

mechanical and plant engineering, environmental technology,

chemistry and pharmacy, power engineering, logistics, in-house

sanitary and electrical engineering, automotive engineering,

medical technology and others. They guide automobiles safely,

comfortably and economically, help keep the air and water clean,

assist doctors in operating on and examining patients, produce

drugs, control heating and ventilation systems, monitor manufac-

turing processes and do many more things. Microsystems are

almost as versatile as their prototypes in nature, not only in their

applications but also in their structure.

Example: Micromechanical Microsystem

Today we cannot imagine automobiles without airbags any more.

The lynchpin of any airbag is a microsystem, a so-called capacitive

acceleration sensor. The sensor picks up the vehicle’s acceleration

movements via a sensitive microstructure that is designed like

two interlaced combs. If an automobile accelerates or brakes

abruptly, the minute comb teeth move towards each other. As a

result, the electrical capacitance changes in the spaces in bet-

ween. A signal processing unit picks up the electrical impulses,

giving the command, within a split second, to release the airbag. 

Example: Microfluidic Microsystem

The so-called Lab-on-a-Chip is an example of a Microfluidic Micro-

system. Microstructures are inserted into a chip composed of an

appropriate material like plastic, glass or silicon. Microstructures

such as these are, for example, microchannels or microcontainers

through which liquids or gases are pumped and which integrate

various fluidic functions like mixing, heating, reacting or trans-

porting. Additionally, optical functions may be integrated via

transparent materials, particularly for detection purposes. Final-

ly, electrodes are also inserted into the fluidic chip to generate

electrical tensions or for detection.

Microsystems Technology originally developed from microelec-

tronics. In the mid-eighties, more and more electronic functions

were being combined on a module. The specificity of Micro-

systems Technology as compared with microelectronics is indeed

epitomized in its name, its systemic character being its central

feature. What all microsystems have in common is that different

functions, materials, components and technologies are inter-

connected within an integrated system – mostly in combination

with components of microelectronics. In doing this, Microsystems

Technology combines basic technologies as diverse as mechanics,

optics, fluidics, but also new fields of technology like Polytronics

or New Materials. Like a biological cell system, a microsystem too

is far more than the sum of its parts: intelligent integration into

compact systems enables completely new functions. 

1.   A microsystem – more than the sum of its parts

Wheels of an annular gear pump. Source: HNP Mikrosysteme GmbH.
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On account of their small format – individual components more

often than not measure only a few micrometers – microsystems

are especially space- and weight-saving. This property is utilized,

for example, in automotive engineering, where in small vehicles

too a multitude of technical functions have to be integrated within

the minutest space, as is the case in medical equipment. 

In surgical interventions through what is called Minimally Invasive

Therapy the small-sized instruments cause no or only minimal

injury to the body. Given their tiny size, microsystems may be

employed in mobile and flexible ways – for instance in environ-

mental technology to analyze water samples, but also in the field

of manufacturing, using as little power and resources as possible

and at a low cost.

Its integrative function makes Microsystems Technology an ideal

go-between between the nano world, whose multiple functions

are being tapped by science, and our everyday macro world. Most

of the new developments of nanotechnology cannot be exploited

without Microsystems Technology. Nanotechnology, which oper-

ates in the minutest structures – a nanoparticle, compared with a

football, is as small as the latter is compared with the Earth – only

becomes tangible through interfaces of Microsystems Technology

and can thus be used in various products. With the help of the

integrating function of Microsystems Technology, the possibilities

of nanotechnology are opened up for the macro world.

Example: Nano-Micro-Macro Integration

In order to identify even tiny traces of genetic material – in the

search for pathogenic viruses, for example – biotechnologies make

use of the so-called Polymerase Chain Reaction (PCR). In analyzing

them, the point is, among other things, to mix the minutest amo-

unts of liquid optimally and rapidly with one another. Based on

nanotechnology, a microsystem for rapid PCR is being developed

in a project supported by the German Federal Ministry of Educati-

on and Research (BMBF). On the analysis chip, a nano coating

takes on the function of the “mixer”. As soon as the nano coating 

is exposed to precisely defined electrical signals, it generates source

waves, thoroughly mixing the liquid. 

The living sphere of biology is also moving closer to technology

with the assistance of Microsystems Technology. Microsystems

with components of biotechnology link the organic with the inor-

ganic world. With the help of biochips, for example, doctors are

able to check their patients’ blood levels rapidly and at a low cost.

In view of the broad range of input material, functionalities and

applications, microsystems today are almost as versatile as their

prototypes in nature. And just like these, Microsystems Technology

is continuously making advances too. In future, developments in

Microsystems Technology will be dominated by two basic trends.

On the one hand, Microsystems Technology will start being used in

many new applications. One of the prime tasks of Research& Develop-

ment will be to generate marketable products in industries with a

high application potential. Apart from industries of which MST has

been an integral part for a long time already (automotive enginee-

ring, medical technology or parts of the information and communi-

cation industry), the focus of interest is on industries having a low

degree of penetration, but high potentials. Among them there are,

for example, the chemical and pharmaceutical industries or mecha-

nical and plant engineering. Low-cost manufacturing processes that

simultaneously allow the manufacture of individualized products are

an important prerequisite for successfully translating such a policy.

On the other hand, Microsystems Technology is playing an increa-

singly significant role as what is called Enabling Key Technology,

which is opening up applications for new technologies and mate-

rials through vertical system integration (across the Nano – Micro

– Macro scale) and trans-technology system integration (e.g. bio-

technology, nanotechnology, microtechnology). In order to be

able to make full use of these opportunities it is necessary to ensure

and develop the requisite technological bases continuously.

From the outset, the policy of public economic assistance in the

field of MST has pursued an approach going beyond pure techno-

logy development and placing innovation on a broad basis. This

integral approach has stood the test of time.

In recent years, public economic assistance has been clearly tar-

geted at a wide range of fields. With the assistance primarily 

catering to the needs of industry, more and more applications

have been made available for Microsystem Technology. 

Microfan produced using microstructuring techniques to cool power 
electronic unit and sensors.
Source: Fraunhofer Institute for Reliability and Microintegration.
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Microsystems Technology is an important and dynamically evolv-

ing cross-sectional technology. Its original achievement resides in

system integration, namely the integration of a great variety of dis-

ciplines and individual technologies on a micro scale for use in the

most diverse application fields. As a key technology, Microsystems

Technology is also paving the way to newly developing fields of

technology, such as bio- or nanotechnology, so that they can be put

to economic use. The building of bridges between the macro, micro

and nano worlds and the application of the appropriate micro-

systems will indeed be given great attention in the years ahead.

With the help of Microsystems Technology it is possible to newly

develop and improve many products or techniques, for instance

by integrating such new functions as “Intelligence”, Communica-

tive Ability or the ability of systems for Self-Organization – MST is

thus making a noticeable contribution to increasing the innovati-

ve power of German industry. This is especially true of industries

that are Germany’s traditional pillars of strength: today we can-

not imagine automobile manufacture and medical technology

without intelligent miniaturized systems. Other application fields

like mechanical engineering, environmental technology, chemi-

stry, pharmacy, power engineering, or in-house sanitary and elec-

trical engineering are offering great potentials. Often several

industries may profit from the development of a microsystem

because that concept is applicable across several industries. 

The new Microsystems framework program is intended to cope

with obstacles to innovation even more pinpointedly. Measures of

economic aid are therefore being pooled more than in the past.

Assistance is given where the greatest economic and social impact

is to be expected and where obstacles have to be cleared away in a

systematic way. A new feature is the flexibilization of the frame-

work program, which fully provides for the dynamic development

of Microsystems Technology. Aid priorities are not completely

identified at the start of the program, but are defined over its

course in a dialogue with experts from the fields of research, deve-

lopment and application, and are then communicated by ways of

public announcements. The first priorities that have already been

identified will be listed in chapter 4.2.

The needle of a record player compared with the needle of an Atomic Force Microscope
used for high-resolution topological representation of surfaces.
Source: Prof. Dr. Jürgen Brugger, Ecole Polytechnique Fédérale de Lausanne (EPFL).

Microsystems for health 

Minimally invasive surgery has become known as “keyhole sur-

gery”: endoscopes and instruments are inserted into the body

through natural or very small surgical body openings. Such inter-

ventions stress the body far less than conventional techniques. As

patients recover more quickly and may leave the hospital earlier,

costs can be reduced in the health system while simultaneously

improving medical care. 

Microsystems Technology makes it possible to miniaturize instru-

ments and measuring systems and to integrate different electri-

cal, optical, mechanical, sensoric and other functions within a

minute space. These tiny instruments are used, among other

things, in operations on sensitive regions of the body like the

human brain. As a result of these developments, all instruments

for diagnosis and operation may be inserted into the brain via

only one operational canal – the so-called trokar.

Developing Microsystems Technology is an interactive process

that is driven by a multitude of factors. Market requirements con-

cerning the enhancement of microsystems are just as diverse as

the fields of their applications. At the same time, new technolo-

gies and scientific discoveries play an important role for the

advance of Microsystems Technology. Microsystems Technology is

2. Microsystems Technology – a dynamic key technology
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also addressing social and individual needs, e.g. in terms of envi-

ronmental protection and health care. 

As an example, microsystems are characterized by an extremely

low input of materials and energy and, in terms of function, often

replace devices with far greater impact on the environment. They

are also capable of enhancing the environmental friendliness of

other processes through their function in environmental and pro-

duction control. These tiny mixers, reactors and valves of micro

processing technology, for example, may be used to carry out che-

mical reactions and physical transformations much more effi-

ciently, selectively and also more safely than in big installations.

At the same time, less resources are consumed.

Microsystems for mobility

Today, up to 50 microsystems are built into modern automobiles.

They increase the active and passive safety of road users. ESP

systems in the chassis and anti-blocking systems in the brakes

keep the vehicle safely in lane; the airbag and the seat-belt ten-

sioner protect passengers from the consequences of road acci-

dents. The number of deaths on German roads reached its lowest

point in 2003 since statistics were introduced 50 years ago.

Experts put down this welcome drop to improved automotive

technology.

Microsystems also make automobiles more efficient and environ-

mentally friendly. A multitude of sensor systems is employed in

engine management. By precisely dosing they reduce fuel con-

sumption and simultaneously ensure low outputs of pollutants.

The micromechanical airflow sensor, for example, is placed in

the air intake fitting of the motor. Its job is to ensure, together

with the intake pressure sensor, that an optimal air-fuel mixture

is produced in the engine. If the air portion is too high, the engine

starts spluttering. If, again, too much petrol is in the engine, 

part of it goes unused into the exhaust gas. The airflow sensor

measures the volume of the air flow and on this basis exactly

doses the amount of petrol. In this way the motor uses no more

fuel than is required.

Microsystems Technology is not a static and, consequently,

momentary technological development, but a dynamic cross-sec-

tional technology. It picks up developments from different tech-

nology fields and combines them in systems that render it possi-

ble to use them economically in the first place. While the indivi-

dual technologies and application fields are steadily changing

and developing, the demand for miniaturization and systematic

integration of different components within products, which is the

basic principle of Microsystems Technology, will persist.

Microsystems Technology is conquering the world oceans: The miniaturized
tachograph for marine creatures diving deep down like seals and penguins con-
tains a variety of sensors for the simultaneous measurement of such data as
pressure, Ph-value and light intensity. 
Source: Fraunhofer Institute for Reliability and Microintegration.

Respimat®: This atomizer with microtechnically produced nozzle, filtering and
pumping systems is used, among other things, for asthma sprays.
Source: Boehringer Ingelheim microParts GmbH.
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German industry is profiting from a competence in Microsystems

Technology and its application that has developed over a long

period of time: the development, manufacture and use of complex

systems. In 2000 German industry generated sales worth 4.2 billion

Euros with MST components and complete microsystems. Micro-

systems Technology is increasingly gaining in importance for the

industrial net product and macroeconomic development in the

Federal Republic of Germany. This is especially true of those 

industries that are Germany’s traditional pillars of strength, such

as automotive engineering and medical technology for example.

Other important industries like the chemical industry and mecha-

nical engineering have already started integrating MST and

exploiting it. 

A characteristic feature of Microsystems Technology in Germany

is the great commitment of small- and medium-sized enterprises

(SMEs). SMEs have increasingly been dominating Microsystems

Technology in Germany since the mid-nineties. In Germany there

are more than 3.3 million SMEs employing 20 million people. This

makes them a factor of great economic significance for Germany’s

economic power. As technically specialized upstream enterprises

in industrial value-added chains, many small- and medium-sized

enterprises are indispensable subcontractors of big industry as

well.

More than 50 German universities and technical colleges research

and teach in this important key technology area. With the introduc-

tion of vocational training for the profession of microtechnologist

Internationally, MST is seen as the key technology of the 21st cen-

tury. Already now, the market for Microsystems Technology is a

market with an above-average rate of growth. Since 1996, the

world market for specific MST components (such as sensors, micro-

optical components or microfluidic modules) has continuously

edged upwards, reaching a market volume of some US $3.9 billion

in 2002. At the same time, the world market for complete micro-

systems increased from US $14 to $50 billion until 2003. 

By 2005, a further increase to US $68 billion is expected. First esti-

mates for the period extending to 2010 expect a further growth of

MST markets to over US $200 billion.  The primary contributors to

this enormous market growth will be novel market fields and pro-

ducts that have not been tapped yet, such as polytronic systems or

bio-MEMS applications. However, the overall economic impor-

tance of MST goes far beyond these figures. 

It only discloses itself through the integration of MST into indivi-

dual products. With reference to the market volumes mentioned

earlier, experts are assuming an average factor of 25 as “leverage

effect” to determine the full value-added portion of MST.

However, MST markets are not only important on account of their

growth and sales volumes. Experience shows that they are less

sensitive to influences and cyclical changes than other high-tech

fields, as MST is already an indispensable component of products

in numerous traditional industries.

It is true, Microsystems Technology has already achieved a high

degree of penetration in many fields. In the automobile, for exam-

ple, the value-added portion of Microsystems Technology already

amounts to 25%. But this does not exhaust existing potentials. New

requirements, for instance in terms of control, safety, comfort and

decreasing fuel consumption, call for new MST developments.

It is expected that this positive development of MST markets will

continue. A 2002 survey by VDE  (VDE study: Schlüsseltechnologi-

en 2010. Mikroelektronik, Informations-, Mikrosystem- und Nano-

technik. Frankfurt 2002) conducted among more than 300

experts from industry and science showed that MST is ranking

foremost for industry in terms of its innovation potential. 

The VDE study also points out that by 2010 key technologies like

Microsystems Technology will strengthen both new industries and

traditionally important industries and business locomotives.

Important factors for the successful realization of this industrial

value-added potential will be a high application-oriented R&D pro-

cess as well as high efficiency and reliability in the manufacture of

microsystems.

3. Microsystems Technology as a world market

New ways for chemistry: modular microreaction device for high- and low-tem-
perature synthesis.
Source: Ehrfeld Mikrotechnik AG.
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and the academic course of Microsystems Technology, important

contributions were made to raising the qualification and employ-

ment standards in the field of MST. 

Technological potentials are being opened up and
industrial added value is being created worldwide

It is apparent in all important industrialized countries that the

number of industrial MST products is increasing dynamically. The

reason is that MST is seen worldwide as an important key techno-

logy and innovation locomotive for classical industries. Next to

Germany, the United States, Japan and, depending on the field of

application, some European nations are among the leading MST

locations.

Apart from the general worldwide trends that have already been

mentioned, specific innovation patterns and strategies are appa-

rent in the individual countries. Thus, in the field of industrial

application MST is being picked up the most by the traditionally

important industries of the separate regions. While the United

States is a leader in applications of IT periphery (world leader for

inkjet print heads with HP for example) and in the field of commu-

nication networks, the Asian focus is on consumer products and

the entertainment industry (e.g. precision drives in cameras, laser

scanning in CD players).

In Europe as a whole and also in Germany a key role is played, for

example, by the automobile industry, medical technology and the

field of telecommunication terminals. There are good approaches

concerning the use of Microsystems Technology also in other tra-

ditional branches such as mechanical and plant engineering or

chemistry and pharmacy. In Europe activities in terms of public

economic assistance exist on the level of national states and on a

European level. Depending on the strength of the national eco-

nomy and the orientation of technology policy, the decisive impe-

tus for MST development in the individual European countries

comes, in differing degrees, from the Community level or the

national level. 

On a European level, the European Union’s research framework

programs are an important instrument for strengthening the com-

petitiveness of the European economy. In its relations with coun-

tries outside the European Union, for example North America and

Japan, the EU sees its task in developing and supporting strategic

alliances for European partners and in defending European inte-

rests in questions of commercial policy or standardization. 

With the EU’s 6th framework program (2002 – 2006), the new

instruments of economic assistance “Integrated Projects” and

“Networks of Excellence” have become operational. Integrated

projects have a strategic and an application-oriented focus: Their

aim is to pool the most powerful and most competent partners of

Europe under one theme, thus mobilizing considerable resources.

As a rule, they are led by big European enterprises. In this regard,

the short- and medium-term innovation objectives of smaller enter-

prises do not play a prime role so that greater attention should be

paid to them under national programs.

On a national level, large-scale MST activities may be observed in

almost all European countries. A distinctive feature here is the

high heterogeneity of research priorities, industrial participation

and fields of application. Germany, Switzerland, France, Great Bri-

tain and the Scandinavian countries are the nations with the grea-

test MST potentials.

Within Europe, France, Switzerland, the Scandinavian countries,

and the Netherlands – next to Germany – are the first to be mentio-

ned as the most committed countries, and also Great Britain in spe-

cific sectors. In these countries MST is also intensively supported by

the government. The outlook for Germany in the field of MST is

promising: According to the VDE study, by 2010 the innovative

power of Europe, in comparison with its competitors United States

and Japan, will increase further in this field of future development.

Among the outstanding achievements of the Forschungszentrum Karlsruhe are 
developments in the field of microspectrometry. The photo shows the path of 
light rays through a microspectrometer (total size 42mm x 20mm).
Source:  Forschungszentrum Karlsruhe.
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4.1 Basic situation, requirements and objectives 

In recent years, the aim of public economic assistance has been to

achieve a broad impact, viz developing more and more applica-

tions for Microsystems Technology. Remarkable successes have

meanwhile been attained in this field. The basic situation for the

multiple use of the options of Microsystems Technology in Ger-

many is that it holds great promise. In an assessment carried out

in 2002 the future potential of MST was investigated and it was

found that this key technology would determine innovation in

the economy and in society in the long run. The assessment stated

that the economic assistance given to MST has so far been highly

efficient and emphasized the high importance of MST for the posi-

tion of German industry.

At the same time the assessment analyzed in depth the question if

and within  what scope political action and therefore public fun-

ding for MST was still required. The investigation attached great

importance to this aspect precisely in the light of limited govern-

mental resources.

The assessment report goes on to state that despite the advanced

development there are still numerous obstacles to the MST inno-

vation process in the present situation too, which require action

by the government. These barriers are characterized by the inter-

linkage of technical and application-specific problems. In this

connection it mentions:

• Newly arising types of tasks concerning basic R&D develop-

ments with specific application orientation

• Inadequate development and manufacturing structures for an

efficient and low-cost production of MST products and compo-

nents not only in Germany

• A lack of practically relevant and tested interfaces and stan-

dards for the modular development, interlinking or manufac-

ture of MST products and components

• Predominantly unilateral technology- and/or application-cen-

tered theoretical approaches in many R&D institutions and 

enterprises which are upstream or downstream in terms of MST

developments and for which the latter have rarely had an inde-

pendent innovative value so far

• Problems related to the setting up of innovative cooperative

projects, networks and value-added chains between potential

MST applicants and necessary R&D institutions

• Enduring bottlenecks in procuring adequately skilled person-

nel for the development and manufacture of MST products and

components in the light of an increasing demand for personnel

and

• A situation in the field of innovation financing that has again

become more difficult in view of recent developments in the

capital market.

The consequences of these barriers to innovation are high deve-

lopment times, risks and costs. This leads to the fact that individual

entrepreneurs or research institutions do not carry out research

activities in MST, although such are indeed reasonable in view of

economic and social added value (“market failure”). 

These current problems and challenges are also reflected in eco-

nomic developments of the recent past. 

The shares of the leading German export industries – automotive,

chemistry, mechanical engineering – in the world market have

dropped in the last ten years. While automobile manufacture has

been able to consolidate itself on a slightly reduced level since the

mid-nineties, the decline of the shares of other industries has conti-

nued. The stabilization of the world trade share in vehicle con-

struction may be traced first and foremost to the high degree of

innovation in the German automotive industry, particularly

through the use of microelectronics and Microsystems Technology.

Highly skilled personnel for Microsystems Technology are not only needed in 
clean rooms. The photo shows installations for surface modification of
microstructures.
Source: Boehringer Ingelheim microParts GmbH.

4.  Public support for MST in Germany
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German automobiles figure among the most innovative worldwide.

It is no coincidence that the automobile industry is considered to

have been the technology driver of Microsystems Technology in

the nineties. With a clearly marked division of labor between the

big automobile corporations and stable subcontracting structures,

with access to considerable resources for R&D in new basic tech-

nologies and the implementation of innovations in the market,

the conditions for the industry were very favorable for achieving

this success. 

Such “industry clusters” were not so far developed in other indus-

tries to be able to sustain such revolutionary changes on a compa-

rable scale. But the applying industries of mechanical engineer-

ing and chemistry, which are dominated by small- and medium-

sized enterprises, are still of overriding importance for the Ger-

man industrial location. The use of microelectronics for control

functions is state of the art, and the potentials of Microsystems

Technology are more and more being recognized and used for the

integration of a multitude of new functions. Industrial branch

platforms for the increased use of microsystems have come into

being, giving the chemical industry and mechanical engineering

the chance and support for a big innovation drive through the

small technologies.

This clearly shows the great significance the factor of innovation

has in Germany’s powerful growth industries and the important

role public support plays in overcoming barriers and obstacles in

the MST innovation process. On balance, it is patent that public

assistance in this area is indispensable if MST is to be used for a

sustainable economic strength and for the benefit of society.

The Microsystems framework program fits into the overriding

research policy objective of the Ministry of Education and 

Research to promote innovation. In so doing, it seeks to implement

innovations to increase the value added for industry and society

in the short term and to open up new fields of growth, thereby

developing the potential for future innovations. In the knowledge

society an additional element is the increasingly closer inter-

connection between training/further training and the advance of

technologies.

Overriding research policy objectives are:

• Assuring competitiveness and employment through innova-

tions

• Contributing to a safe future and a sustainable quality of life for

society through the enhancement of technological efficiency

• Assuring the required basis of knowledge for innovations

through adequate training and further training

The barriers in the process of innovation with MST that bar it from

making a contribution to these overriding objectives thus also

determine the technology policy objectives of the Microsystems

framework program:

• Improving the linkup between R&D institutions, MST manufac-

turers and MST users with special regard to the conditions and

interests of small- and medium-sized enterprises

• Improving the technological and structural basis for develop-

ment and manufacturing services for the manufacture of MST

products and components in an efficient way and at a low cost

• Developing modular Microsystem Technology into practically

relevant and tested interfaces and standards

Module with microfluidic components developed in the United States compared
in size with plastic straws. 
Source: Sandia National Laboratories.

Assembling and magazining microsystems in the clean room.
Source: Boehringer Ingelheim microParts GmbH.
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• Assuring future technological options of system integration by

drawing in time on newly evolving specific technologies

• Improving training and continued training opportunities in

MST to ensure that future demand for adequately skilled per-

sonnel is met

• Facilitating innovation financing in the area of MST and its

applications.

These objectives can only be realized successfully if in the interna-

tional context the specific conditions of the German innovation

system and the requirements of an industry that has developed

further are taken into account. Public economic assistance for

MST is therefore geared to the conditions and specific require-

ments of important industries in Germany concerning MST.

Important industries in Germany:

• Automotive

• Mechanical and plant engineering

• Chemistry

• Medical technology

• Environmental technologies

• Information and communication engineering

• Food

Germany’s strength in these industries consists in the develop-

ment and marketing of sophisticated systemic products. System

integration has always been a strength of German industry in 

global competition, particularly in mechanical engineering, in

the automotive industry and in product engineering. The employ-

ment of innovative technologies thus results in a sustainable bene-

fit for society and the economy. In terms of innovation tasks, a world-

wide shift to system suppliers, such as the automobile industry,

may be observed. As a result, small- and medium-sized enterprises

are increasingly coming under the pressure of innovation. In this

competition the chances of German SMEs are good. 

These general economic conditions are key to the specific goal of

financial support for MST by the German Ministry of Education

and Research: Microsystems Technology as a key technology is

indeed predestined to provide, in the long run, the industries

dominating the industrial landscape with the necessary innovative

power in their capacity as system developers and integrators.

It gives rise to new functions and products, increases productivity

and saves resources. Given its interdisciplinary and application-

oriented character, Microsystems Technology like no other tech-

nology is driving structural changes and institutional reforms in

the economy and in science. It creates new constellations of

actors, networks and value-added chains. It can thus be largely

instrumental in bringing about lasting growth.

The aim therefore is to encourage innovations in these industries

by applying Microsystems Technology and/or using microsystems

that help to consolidate and improve their competitive position

worldwide.  

For this to happen public support within the Microsystems frame-

work program will pay due regard to the specificities as well as

problems and requirements of the individual industries and fields

of application. As a matter of fact, the nature of innovation condi-

tions can differ widely, depending on prevailing circumstances.

In order to achieve the greatest possible economic and social

leverage effect application-oriented technology support is being

concentrated on certain priority tasks. 

The precise shape of such priorities and their specific goals and

the need for the government to act when conditions require this

cannot be defined for the whole duration of the framework pro-

gram in the startup phase. Against this background, the program

is following a dynamic approach. The latter makes it possible to

work out, take up and support the tasks under the priorities con-

cerned, jointly with the specific industry or industry clusters, both

flexibly and in a way adequate to the problems. 

In order to ensure in that process that these goals and milestones

are reached and that public funds are used economically, monitor-

ing of this process will be integrated into the program. The follow-

ing chapters in the brochure will describe the individual points of

that program and which priorities will be taken up at the start of

the program.

Skin sensor for applications in medical technology. The sensor identifies areas 
of pressure on the body and can thus be used to optimize the fitting of artifical
limbs. 
Source: Institut für Mikrotechnik Mainz GmbH.
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4.2 Setting priorities and focusing forces in 
particularly effective applications

To achieve the above-mentioned objectives, the point now is to

focus forces so that the greatest possible and sustainable econo-

mic success can be generated from the existing application poten-

tials. Financial support by the Ministry of Education and Research

is intended to set clear signals of impetus in traditional core areas

of the German industry and provide support in developing new

growth markets. 

Contents-wise, that assistance is being developed in a flexible way, in

line with the dynamic development in Microsystems Technology. 

In a dialogue with the interested parties from the research and

industrial community, the Ministry will identify those themes

where precisely defined innovation obstacles have to be surmoun-

ted and where the assistance has its greatest possible economic

and social impact. Both support priorities and specific projects

integrate the value added chain of an application cluster, giving

rise to a self-contained structure from research to marketing. 

Small- and medium-sized enterprises will receive special attention

under the research program. They are playing an ever more

important part in value-added chains as suppliers and are espe-

cially a guarantee for jobs in Germany. In view of the diversity of

individual application clusters and the dynamics of innovation

and economic activity, the contents and instruments of the public

support will be tailored to changing requirements. Individual 

priorities and projects will compete with each other. Funds will be

allocated for those priorities and projects that hold the greatest

promise for the objectives set forth above.

In this way new, demand-oriented technological priorities are

defined and existing priorities revised over the whole term of

duration of the framework program. The definition of the priori-

ties thereby closely follows the concept of lead innovations. Lead

innovations are innovations based on novel technologies which

are targeted at value added chains with great macroeconomic

potential. The most important feature of a lead innovation is its

high leverage effect in terms of growth and employment. 

The first priority themes that have already been identified will be

characterized below; further themes will be added while the pro-

gram is carried out:

• Microsystems to improve safety, reliability, eco-compatibility

and connectivity in automobiles

• Smart Labels for logistics in the fields of manufacture, trans-

port, trade  as well as waste disposal and recycling

• Microengineering.

Microsystems in automotive engineering

Basic situation

Modern vehicles contain up to 50 microsystems. They include,

among others, pressure sensors, angular rate and acceleration

sensors or infrared, camera and ultrasonic sensors. No matter

what you have – engine control, gear box, air conditioning or

navigation – no modern vehicle system can do without MST sen-

sors or actors.

Given its technological capability for innovation, the German

automobile industry is currently a world leader and constitutes an

important economic factor. Close to 770,000 people are employed

in automobile manufacturing in this country. Additionally, there

is a workforce of about 1 million employed in upstream automo-

bile manufacturing industries and in the services sector and some

3.35 million jobs are connected with automobile use. Automobile

manufacturers are increasingly concentrating on their core

business and are co-operating more closely with the supplier

industry. The result is a market increase in suppliers’ sales. At the

same time, the latter’s financial and technological requirements

are increasing. The additional challenges of globalization require

high-performance structures, which leads to a process of concen-

tration in the supplier industry and, consequently, to the forma-

tion of new companies and networks.

Microsystems from Germany on Mars: The NASA Mars mobiles are equipped
with drive motors of the Swiss company Maxon. In each of these motors that
drive the movement of the wheels and robot arms and enable the automatic
function of the camera there are two sensors from Sensitec GmbH, a company
located in the German state of Hesse. With 78 sensors the small microsystems
ensure a precise movement and positioning in 39 of a total of 40 motors.
Source: NASA.
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Requirements and objectives

Although microsystems are already intensively being used in

automotive engineering, the requirements of higher efficiency,

more comfort and safety and improved environmental compatibili-

ty call for a continued considerable effort in research and develop-

ment to make significant advances. Considering the fact that more

than 50 million vehicles are on our roads (the automobile accounts

for 90% of passenger transport) and that traffic accidents continue

to rise, it becomes apparent that additional efforts are needed deve-

lopment-wise to ensure mobility on the roads. In this area small-

and medium-sized suppliers that are forced to hold their own in a

global competition must increasingly implement technological

innovations. The function of public support will primarily be to help

the supplier industry to develop upmarket approaches based on

MST for technical innovation with the following objectives:

• Safety

• Reliability

• Environmental compatibility

• Network integration

• Comfort

• Efficient production.

Themes

Among future R&D priorities there are, among other things, deve-

lopments in the field of power train that are aimed at lowering

fuel consumption, at research in the area of alternative principles

of power transmission or new telematic solutions (communicati-

on with the automobile) and changes in internal communication.

The use of microsystems in engine-associated components addi-

tionally requires new developments in system integration all the

way to components and packaging technologies that are suited

for high temperatures.

Whether you need actors for valve control units, microstructured

membranes for fuel cells or electro-optical printed circuit boards

for communication systems, Microsystems Technology is able to

make important contributions in all sectors. All in all, the exam-

ples of future development priorities show that tomorrow’s

vehicles require additional “senses” to meet increasing demands.

Smart Labels for logistics in manufacturing, trans-
port, trade, recycling and waste disposal

Basic situation

With some 2 million jobs, logistics, where Microsystems Technolo-

gy is only partially used today, is one of Germany’s most impor-

tant employment sectors. Here is an example showing its econo-

mic potentials: Logistic processes account for 40% of the cost for the

disposal of old electronic devices. In this field, decreasing logistics

costs may go a long way towards a less polluted environment.

Optically readable barcode labels and passive electrical transpon-

ders that enable the storage of low data amounts (identification

or product features) are industrial practice today. Furthermore,

we know of the first applications of transponders in combination

with simple sensors, e.g. for controlling the temperature of cold

storage units.

Requirements and objectives

To be able to meet future logistics requirements (e.g. an increas-

ing density of transport and the globalization of industry) current

solutions are insufficient. With the help of Microsystems Techno-

logy, new logistic concepts can be developed. On the road to real-

time logistics processes, multifunctional interactive Smart Labels

with their networking capability and their capacity to pick up

information from their environment are of key importance for the

efficient and safe control of flow of goods. These are the most

urgent development objectives:

• Integrating additional functions beyond the storage of low

data volumes

• Maintaining low costs also for more complex labels

• Developing and integrating with the required peripheral

system environment

It is necessary to implement projects in pilot applications, particu-

larly to explore the way this functions in practically relevant

system solutions. 

Active Smart Label with temperature sensor and polymer battery.
Source: KSW Microtec AG.



Themes

Multifunctional active labels require new concepts for energy

supply. Additionally, new transponder components like battery

monitoring and charging circuits are needed.  New polymer materi-

als can be used for both sensors and power supply. Considerable

research and development is also needed, for example, in the field of

system integration. Such requirements are, among others, realizing

flexible constructions with a minimal height and developing tech-

nologies designed to be mounted on textile substrates or other sub-

strates. Manufacturing technologies should be developed so that

extreme requirements in terms of low unit costs may be fulfilled.

The interaction between Smart Labels and their “logistic environ-

ment” goes far beyond a simple reading out of data and must be

capable of being realized in closed containers or bunches as well.

The developments mentioned above allow completely new appli-

cations in all sectors of logistics: Marking the components of an

engine with a Smart Label makes it not only possible to obtain

information contained in materials and to trace back components.

Additional sensors allow monitoring engine operation, checking

claims and signaling the need for necessary maintenance work. By

supervising the life cycle of a product, a decision can be made if

components may be reused, which leads to real recycling.

Micro Process Technology

Basic situation

Another set of issues of considerable economic relevance is chemical

process technology. In this respect Microsystems Techno-logy is

offering innovative opportunities, the application of which will

lead to a new chemistry.

The German chemical industry with all its branches is an impor-

tant core sector among Germany’s industries with just under half

a million employees and annual sales of more than 130 billion

Euros. On balance, there are 1,750 chemical enterprises in Ger-

many. While the manufacture of preliminary products is under

the control of the big companies, small- and medium-sized enter-

prises primarily manufacture final products. 

For many manufacturing processes, Microsystems Technology

offers totally new ways of synthesis that are low cost, energetically

efficient and, what is most important, safe. The vision of the che-

mical factory on the office desk based on Microsystems Technolo-

gy is gradually becoming a reality. Components like microreac-

tors, micromixers and micro heat exchangers may serve to build

chemical plants that in future will produce toxic, explosive and

bulky materials with a low input of resources in the very place

they are needed and only in the quantities required. 

Meanwhile, the development of such a drug in the pharmaceuti-

cal industry costs up to 500 million Euros and lasts 12 years, a pro-

blem that exceeds the capacity of financially potent big corporati-

ons too. It is here where Microsystems Technology helps to give a

push to miniaturization, parallelization and automation of High

Throughput Screening processes for research on active substances,

e.g. through dispenser techniques or intelligent titer plates. This

may reduce development costs for new drugs. The use of Micro-

systems Technology in the pharmaceutical industry helps to lower

costs in the health system.

Requirements and objectives

Previous research and development in the field of micro process

technology has proved that, basically, specific components and pro-

cess steps may be realized. The next steps will consist in the develop-

Micro annular ring pump. Source: HNP Mikrosysteme GmbH.

Three-dimensionally structured material holding module, vacuum-encapsulated.
Source: Fraunhofer Institute for Reliability and Microintegration.
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ment and building of complex processes and systems and convert-

ing them into industrial manufacturing processes and pilot-like

applications. The goal is to clear away major technological barriers

on the way to the exploitation of those results in efficient facilities:

• A lack of peripheral components, particularly for process 

control

• Inadequate standardization and modularization for setting

up complex systems

• A lack of knowledge concerning questions of stability and 

reliability

• A lack of examples of processes realized from beginning to 

end that also allow assessing their economic impact

• Little consideration of these needs in training courses, because

there is a lack of financial funds.

Themes

Developments towards a safe synthesis for complete chemical 

and biochemical processes and towards microfluidic processes of

analysis will be the future main areas of activity of micro process

technology. Another field of activity relates to the integration of

sensorics in facilities of microprocessing technology.

4.3 Continuing to develop the key technology 
of microsystems

Within the framework of the assessment of public economic assis-

tance that so far has been given to MST, the further development

and future importance of MST for the innovation and industrial

landscape in Germany was investigated as well. In this connection

the following point was made:

“MST is an important cross-sectional technology and a dynamical-

ly evolving paradigm. Through it, a great variety of disciplines

and individual technologies can be interlinked on a micro scale

for use in the most diverse application fields. The dynamic develop-

ment of important basic MST technologies is today opening up

new fields of growth and thereby new product potentials and

market opportunities as well.” (Final report: “Evaluation Mikro-

systemtechnik”, Berlin 2002).

The original achievement of Microsystems Technology thus lies in

the system integration of various technologies and components

and in the interlinkage of the macro, micro and nano worlds.

Accordingly, system integration techniques and their tasks are

just as diverse.

The necessary system techniques include, for example, tools and

techniques for design and simulation, packaging and inter-

connection, test methods and the corresponding manufacturing

processes. Here only a few examples of the multitude of research

and development tasks should be mentioned.

Design, modeling, simulation and testing

The multitude of the microtechniques used within the framework

of Microsystems Technology, the diverse physical operating prin-

ciples of sensors and actors and the mostly hybrid design of

systems result in a complex system behavior and thus in high

development costs. Design, modeling, simulation and testing are

therefore necessary steps in the process of development to avoid

frequent redesigns, thereby reducing both development times

and improving the efficiency of microsystems. Steps need to be

taken particularly in the fields of model generation, the provision

of highly efficient optimization processes, the definition of inter-

faces between different tools and the filling of gaps in the process

of design through the development of additional tools (so-called

add-on solutions). Activities in the area of design must focus on

improving the design process from beginning to end, including

modeling and simulation.

Packaging and interconnection techniques, manu-
facturing processes

Packaging and interconnection techniques are a key element of

system integration. They are frequently a limiting factor for the

overall size of a microsystem and they are crucial for costs, as far as

small and medium quantities in production are concerned. Packa-

ging and interconnection techniques and the manufacturing pro-

cesses based on them must primarily meet the requirements of

increasing miniaturization that result from the development of

Lilliput microtiter plate. Source : Boehringer Ingelheim microParts GmbH.
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microelectronics (reduced structural sizes) and increasing integra-

tion density (increased numbers of interconnections) and increas-

ing power dissipation and clock rates. Wafer-Level Packaging tech-

nologies for micromechanical or optoelectronic microsystems or

3D integration techniques are priorities in this regard. Big problems

are still frequently caused by the integration of components and

systems into the microenvironment. Here the job is to develop pack-

aging techniques and hybrid integration techniques, for instance

for integrating electronic and nonelectronic components, or inte-

gration into nonconventional application fields (e.g. textiles). 

Packaging and interconnection techniques are also crucial for

exploiting nano-, bio- or microtechnologies for product develop-

ment. Important requirements of these techniques in the micro-

nano relationship are, for example, realizing the necessary

mechanical, electromagnetic, fluidic, bio- or chemical connec-

tions and positioning and interconnecting nano components

(using as design principles, among others, processes of self-orga-

nization).

The realization of successful products requires, in the first place,

mastering flexible manufacturing techniques that are capable of

keeping up with the cost structures of methods of mass produc-

tion and, at the same time, of taking into account the trend

towards individualized products. A case in point is the highly pro-

ductive reel-to-reel manufacture for polytronic systems.

Preparing future integration tasks

In addition to the further penetration of traditional industries by

market-relevant developments, the task is to identify in time the

materials and basic technologies required for future innovations

and to develop them in a way that allows their integration by MST

into applications. The role played in this process by system inte-

gration techniques is just as important in terms of vertical inte-

gration  (across the nano – micro – macro scale) as in terms of

trans-technology integration, e.g. bio- and nanotechnologies. 

The continued enhancement of basic technologies is of great sig-

nificance for developing new functions and applications. It can be

assumed that important innovations will no more be made in

“core sciences” like physics and chemistry, but in borderline areas

where such disciplines as biotechnology, nanotechnology, infor-

mation and communication technologies and also the cognitive

sciences merge with one another. In this process Microsystems

Technology is suited like no other key technology to support the

convergence of innovative high technologies.

Moreover, Microsystems Technology builds a bridge between the

nano world and the macro world by integrating nanostructures

and materials into systems and thereby converting them into an

application. For some MST applications, nanotechnology leads to

the innovative development of functional elements. As an exam-

ple, novel nano scale sensors are being developed on the basis of

carbon nanotubes. Both the further reduction of structural sizes of

the classical semiconductor technology and the implementation

of novel nano circuits add to the complexity and the degree of

integration of functions in microsystems. CMOS technology may

be taken as an example of such a development, having already

bridged the gap between the macro and the nano world success-

fully. Consistent miniaturization according to Moore’s law, which

still applies, leads to chip systems that cannot be mounted any

more with conventional methods. The new mounting techniques

that allow the transport, alignment and joining of nano scale

components must permit both low-cost manufacture and repro-

ducibility within predetermined tolerances.

Microoptical stand-off sensor developed by the Forschungszentrum Karlsruhe. 
The sensor is made up of two boards (picture below), into which optically
passive and/or optically active and microelectronic components are integrated.

The two boards may be precisely fitted together in a relatively simple way with
the help of fixing elements (balls and holding structures).
Source: Forschungszentrum Karlsruhe.
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4.4 Nontechnical requirements for innovations 
with microsystems 

Developing a strategy for an industrial location requires giving

priority to the promotion of factors that are only nationally appli-

cable for innovations with microsystems. In addition to the

strengthening of the core competency as system supplier through

application- or market-driven innovation, this also includes ensur-

ing the infrastructural prerequisites at the location, such as the

availability of development tools, of R&D and manufacturing ser-

vices with standards defined as precisely as possible, of skilled per-

sonnel, of organizational structures, etc. The expenditure required

to cope with this task exceeds the capabilities of individual 

companies, especially in view of the high share of SMEs in the MST

sector. 

The Microsystems framework program therefore follows an inte-

gral approach that takes account of all the relevant dimensions of

the innovation system. In addition to public grants for R&D pro-

jects and infrastructural measures, support is also given to infor-

mation services and communication processes. The emphasis is

on the following fields of activity and tasks:

• Support for strategic processes to identify and develop themes

of priority

• Informal and participatory involvement of national MST 

activities in international MST activities

• Public Understanding of Science (PUS) for Microsystems 

Technology

• Infrastructures and  general conditions (production, standards,

genesis of market structures, social acceptance, financing)

• Measures designed to make use of results also beyond the 

scope of the specific project.

In the field of Microsystems Technology the continuous change in

the process of integrating new technologies and developing new

applications shows especially clearly that knowledge and skills

are never completed (lifelong learning). The Microsystems frame-

work program therefore pursues the aim of consolidating and

developing the required skills in close interaction between 

research, training and activity on the job. The experience acquired

in this process is intended to serve as a guideline of action for

other areas of innovation.

Supply board with adapter for testing modular stacks or for testing individual
modules. 
Source: Fraunhofer Institute for Reliability and Microintegration.
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The framework program runs from 2004 to 2009.

Chapter 4.2 lays down the first priorities the program starts with.

In order to set out further priorities and working programs it is

necessary to systematically register and analyze the prerequisites

and processes of MST innovations. With this goal in mind, road-

maps are being developed within the framework of the program

that are an important instrument to represent the developments

that can be expected in specific fields of innovation. 

For that matter, not only technological aspects are of importance.

Rather the likely requirements and problems of specific industries

and fields of innovation have to be identified to derive from them

product developments and associated development options for

Microsystems Technology. Finally, it is necessary to identify within

the framework of such a systematic approach potential barriers to

innovation and the partners needed to overcome them. Likewise,

international aspects have to be considered to give a well-grounded

account and to be able to judge the overall situation and Germany’s

basic position as an industrial location.

Since the process of innovation is advancing at different speeds in

individual sectors, priorities may also differ, either more in terms

of technology/function (e.g. polytronics for Smart Labels in logi-

stics) or in terms of application/production (e.g. microsystems

designed to enhance the driver’s safety in the automobile).

The development of the program is assessed and documented

annually on the basis of interim project results and superior activi-

ties. In that process economic efficiency indicators are taken into

account. As a result of such monitoring, the transparency of the

results and status of achievement of public support can be assured

not only project-wise but also program-wise, and thus placed and

analyzed in the corresponding technological, industrial and tech-

nology policy contexts. The information base won thereby makes

it possible to launch, within the framework of program monito-

ring, the appropriate measures in time and with due regard to the

problems. This makes this monitoring, within the dynamic-flexible

approach, a key element for achieving the goals set by the frame-

work program. The most important innovation indicators for

monitoring are R&D cost, patents, sales and employment figures.

The macroeconomic effects of such public support (growth and

job impact) have to be placed additionally in the focus of program

analysis.

Program-integrated monitoring is completed by an external

assessment, which ensures that program results are assessed inde-

pendently and that suggestions are made for further develop-

ments. It is envisaged to start such an assessment in 2006. 

The result of that assessment will decide if public support will be

granted for another term extending to 2009.

5. Putting the framework program into practice 
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