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What’s next in laser technology? 
New laser beam sources are increasing
efficiency and performance. Innovative
laser applications are revolutionizing
the production process. Robot-con-
trolled laser systems are increasing
productivity through the use of remote
techniques. Laser processing methods
are enhancing quality assurance
through the growing use of online
process sensors. Material processing
using laser beams is entering a new
dimension in terms of technology,
diversity and significance. For many
users, the laser world is changing at
an uncomfortably fast pace. Some
even feel insecure. After all, it’s impor-
tant to back the right horse when you
make an investment decision that
involves tying up resources over the
medium term.

There is absolutely no cause for con-
cern. We should bear in mind that the
manifold developments spring from
the creative application of technical
and scientific potential, while at the
same time representing the consistent
response of a sector to the growing
demands of its customers. And as 
you know, those customers are calling
for even more precise, flexible and
productive laser systems. The close
collaboration between technology
suppliers and consumers makes it
increasingly possible to develop suitable
solutions for production tasks, prima-
rily using innovative components, 
within a very short space of time. The
great diversity of laser beam sources
and peripheral components and
systems now available is the logical
consequence of this situation and ulti-
mately reflects the diversity and conti-
nuing evolution of the products being
manufactured. Cars, cell phones and
medical implants are just three exam-
ples. However, in order to choose the
right laser systems, customers need to
take a much closer look at the available
technology. There are two possible
strategies: the company can either
hire laser experts of its own, or it can
seek the advice of system suppliers 
or independent institutions.

The Fraunhofer ILT takes up the 
challenges of the market, not merely
advising users on how to use laser
technology and select suitable systems,
but more especially developing tailor-
made solutions where no off-the-shelf
equivalent exists. The latest R&D
results highlight this policy: efficient
compact slab lasers with a monolithic
optical structure, injection lasers with
flexibly adjustable wavelengths, pulse
frequencies and pulse shapes, combined
laser processing heads that permit 

both cutting and welding without a
change of tools, compact helical drill-
ing optics for high-precision drilling,
and innovative polishing techniques
for selective automated processing of
molds and tools. See for yourself that
the Fraunhofer ILT has reached impor-
tant milestones with the exemplary
developments presented in this annual
report. You will very quickly realize
that the close links maintained by our
Institute with both laser manufacturers
and laser users result in innovations
that not only cater to the needs of the
manufacturing industry but also tap
the huge potential of laser develop-
ment.

In this respect, we are happy to be
able to contribute to the diversity of
laser technology - not simply for our
own sake, but to fulfill the wide-rang-
ing requirements of a rapidly changing
world and to secure and strengthen
Germany’s international reputation as
a center of laser technology. Perhaps
laser technology solutions could 
trigger innovation in your own sector,
too? We look forward to hearing from
you.

Sincerely,

Professor Reinhart Poprawe M.A.

Fraunhofer ILT Annual Report 2005     3

Foreword





Profile of the Institute 6

Declaration of Principles 7

Business Areas 8

Board and Committees 10

Contacts 11

Core Areas 12

Services 14

Facts and Figures 16

References 19

Fraunhofer USA Center 
for Laser Technology CLT 20

Coopération Laser 
Franco-Allemande CLFA 22

Fraunhofer Alliance Surface 
Engineering and Photonics VOP 24

The Fraunhofer-Gesellschaft 
at a Glance 26

Laser Technology 
at RWTH Aachen 28

PhotonAix e. V. - Competence 
Network for Optical Technologies 30

Some Special Research 
Results from the Business Areas 
of Fraunhofer ILT

Laser and Plasma Sources 31 - 50

Laser Material Processing 51 - 82

Laser Plant and 
System Technology 83 - 96

Laser Measurement 
and Testing Technology 97 - 110

European Laser Institute ELI 111

Patents 112

Dissertations 113

Diploma Theses 113

Scientific Publications 114

Lectures 116

Trade Fairs 120

Conventions and Conferences 121

Publications 124

Technical Book »Laser 
Technology for Manufacturing« 127

Video Films and 
Multimedia Software 128

Information Service 130

Imprint 131

Fraunhofer ILT Annual Report 2005     5

Contents



6 Fraunhofer ILT Annual Report 2005

DQS certified by  
DIN EN ISO 9001
Reg.-No.: DE-69572-01

Short Profile

ILT - for more than twenty years, this ab-
breviation has stood for extensive know-
how in laser technology. Innovative 
solutions for manufacturing and pro-
duction problems, development of
new technical components, competent
advice and training, highly-qualified
personnel, the latest technologies and
an international reputation: these are
the guarantors for long-term business
relations. The numerous customers of
the Fraunhofer Institute for Laser Tech-
nology ILT belong to various sectors
like automobile industry, mechanical
engineering, chemical and electrical
engineering, steel construction, preci-
sion mechanics and optics.

With more than 250 employees and
10.000 m2 of usable floor space the
Fraunhofer Institute for Laser Technolo-
gy is world-wide one of the most 
important development and contract
research institutes of its specific field.
The four business areas cover a wide
range of actual and vertical integrated
topics. In the business area »laser and
plasma sources« development activities
are concentrated on innovative diode
and solid state lasers for industrial use
as well as compact EUV-sources for 
lithographic use in semiconductor
production. The business area »laser
material processing« offers solutions 
in cutting, ablation, drilling, welding,
soldering, surface treatment and micro
processing. The activities cover a wide
range of applications from macro 
processing via nano structuring to 
biophotonics. 

In the business area »laser plant and
system technology« prototypes are 
developed, built up and installed on site.
Process monitoring and control as well
as system components and control
software are part of the activities. In
the business area »laser measurement
and testing technology« processes and
systems for inspection of surfaces, for
chemical analysis, for testing the accu-
racy of dimensions and geometry of
workpieces as well as for analysis of
static and dynamic deformations are
developed. 

The comprehensive offer of services 
of the Fraunhofer Institute for Laser 
Technology ranges from research and
development as well as system construc-
tion and quality assurance to advice
and training. Industrial laser systems
from various manufacturers as well as
an extensive infrastructure are available
for the work on research and 
development projects.

In the Laser User Centre of the Fraun-
hofer Institute for Laser Technology
guest companies work in their own 
separated laboratories and offices. The
basis of this special form of technology
transfer is a long-term cooperation 
agreement with the institute in the
field of research and development. 
The surplus value lies in the use of the
technical infrastructure and in the
information exchange with ILT´s
experts. Already 10 companies profit
from the advantages of the Laser User
Centre. Besides subsidiaries of leading
laser manufacturers and innovative
laser users, new entrepreneurs from
the areas of special machine produc-
tion, laser processing and laser mea-
surement find a suitable frame to realize
their ideas on an industrial scale.

Profile of the Institute



Mission

We occupy an international top position
in transferring laser technology to
industrial application.

We continually expand the knowledge
base and know-how in our sector and
make significant contributions to the
ongoing development of science and
technology.

Working with our partners in industry,
science and government, we create
innovations on the basis of new beam
sources and new applications.

Customers

The customers needs are the focus of
our work.

Discretion, fairness and a spirit of part-
nership are top priorities in our customer
relationships. Our customers can rely
on us.

We tailor solutions and their cost-
effective implementation to the
demands and expectations of our
customers, with the objective of 
creating a competitive advantage.

We support industry’s needs for new
specialists and managerial staff
through project-based partnerships
with our customers.

We want our customers to be satisfied
- because we want them to return.

Chances

We strategically expand our knowledge
base across the network.

Fascination: Laser

The unique characteristics of laser light
and the resulting diversity of applica-
tions, are a constant source of inspiration
and fascination.

Staff

Teamwork between the individual 
and the group is the foundation of our
success.

Strengths

Our broad spectrum of resources 
enables us to offer one-stop solutions.

Management style

Cooperative, demanding and suppor-
tive. Knowing the value of our staff as
individuals and the value of their
know-how and their commitment
forms the basis of our management
philosophy. We involve our staff in the
formulation of goals and the decision-
making process. We place a high value
on effective communication, goal-
oriented and efficient work and clear
decisions.

Position

We work within vertical structures,
from research to application. 

Our expertise extends from beam source,
machining and measuring techniques,
to application, through to integration
of systems into the customer’s produc-
tion line.
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Business Areas

Laser and Plasma Sources

This business area encompasses the
development of diode laser modules
and systems as well as diode-pumped
solid-state lasers with different reso-
nator structures (stab, slab, fiber), the
design of new diode laser structures,
the microassembly of diode lasers and
optical components, and the develop-
ment of plasma systems. Outstanding
project results, which have been suc-
cessfully transferred to practical applica-
tions in close cooperation with industrial
partners, include the transversally
diode-pumped 5 kW solid-state laser
and diode laser modules for joining 
plastic components. For more than ten
years spinn offs of the Fraunhofer ILT
are set up in the framework of some
projects. 

In cooperation with the Fraunhofer IAF
new structures are being designed
which permit the manufacture of diode
lasers demonstrating higher beam 
quality. The business area continues 
to enjoy a unique reputation in the
assembly of high-power diode lasers
and in particular the installation of 
partially automated assembly facilities.
Work in the plasma technology sphere
focuses on the development of EUV
beam sources for semiconductor litho-
graphy. The main target markets for
the business area as a whole are laser
machining, medical engineering and
metrology, along with the component
market for information and commu-
nications technology.

Laser Material Processing

Production processes addressed by 
this business area include cutting and
joining techniques applying micro- and
macro-technology, as well as surface
engineering. The services provided
extend from process development for
the manufacture of sector-specific 
products and the integration of these
processes in production lines, through
simulation services for laser applications,
to the production of samples in sup-
port of series production start-up. The
strength of the business area is rooted
in its extensive process know-how,
which is tailored to specific customer
requirements in each case. In addition
to process development, the business
area offers complete system solutions
which utilize selected technology net-
works. Customers are offered laser-
specific solutions that encompass design
engineering, material specification,
product design, production equipment
and quality assurance. In addition to
the target market of material process-
ing, the business area also addresses
customers in the medical engineering,
biotechnology and chemical sectors. 



Fraunhofer ILT Annual Report 2005     9

Business Areas

Laser Plant and 
System Technology

This business area focuses on the deve-
lopment of prototype equipment for
laser and plasma-technology applica-
tions, as well as on laser systems
engineering, particularly in the fields 
of automation and quality assurance.
Areas of application embrace welding,
cutting, hardening, repair coating, 
drilling and micro-joining. The system
technology offered provides complete
solutions for process monitoring, com-
ponents and control systems for preci-
sion machining, laser-specific CAD/CAM
technology modules, as well as soft-
ware for measurement, open- and 
closed-loop control and testing. For 
its work in process monitoring in parti-
cular the business area can draw on
extensive and, where required, patent-
protected know-how. In this sector
numerous systems have already been
licensed for companies. Target markets
include laser equipment and compo-
nent manufacture as well as all sectors
of production industry which deploy
lasers in their manufacturing activity 
or intend to do so.

Laser Measurement 
and Testing Technology

The services provided by this business
area include the development of mea-
surement and testing processes and
related equipment for material analysis
and for geometric testing and surface
inspection. The requisite measurement
and testing software is tailored to
customer-specific problem areas. Material
analysis is based on the deployment of
laser-spectroscopic processes, focusing
on the analysis of metallic and oxidic
materials, identification testing of high-
alloy steels, rapid recognition of mate-
rials for recycling and analysis of gases
and dust. Special electronic compo-
nents are developed for the parallel
processing of detector signals of high
bandwidth. Since two years the busi-
ness area has become involved in the
subject area of biophotonics. Projects
are being conducted jointly with other
institutes to gather expertise in highly
sensitive fluorescence detection for 
protein chips. As part of the area’s
work on geometric testing and surface
inspection components, devices and
equipment are being developed for
obtaining 1 to 3D information about
the geometry or surface properties of
workpieces. These include processes
and special systems for testing the
topology of bar and strip products,
devices for the 1D to 2D scanning of
unit goods, and electronic components
for laser triangulation and laser split-
beam sensors. Target markets include
the production industry and the recy-
cling industry which conduct measure-
ment and testing fast and close to the
process.



Board

The Board of Trustees advises the
Fraunhofer-Gesellschaft as well as the
Institute’s management and supports
the links between interest groups and
the research activities at the institute.
The Board of Trustees during the year
under review consisted of:

C. Baasel
Carl Baasel Lasertechnik GmbH
Chairman

Dr. V. Auerbach 
Rofin Sinar Laser GmbH

M. Benzinger
Trumpf Lasertechnik GmbH

Dr. R.G. Gossink 
Philips Forschungslabor GmbH

H.-J. Haepp
DaimlerChrysler AG

Dipl.-Ing. H. Hornig  
BMW AG

Dr. U. Jaroni 
ThyssenKrupp Stahl AG

Prof. Dr. G. Marowsky 
Laserlaboratorium Göttingen e. V.

MinRat Dipl.-Phys. T. Monsau 
Ministerium für Arbeit und Soziales,
Qualifikation und Technologie des 
Landes NRW

Prof. Dr. G. Müller 
Institut für Medizinische Physik und
Lasermedizin, Charité-Universitätsmedi-
zin Berlin, Campus Benjamin Franklin

Dr. R. Müller
Osram Opto Semiconductors 
GmbH & Co. OHG

Prof. R. Salathé 
Ecole Polytechnique Fédéral 
de Lausanne

MinR Wilfried Kraus 
Bundesministerium für Bildung
und Forschung BMBF

Dr. F. Speier 
Ministerium für Wissenschaft 
und Forschung des Landes NRW

The 21st Board of Trustees meeting
was held on September 21, 2005 
at the Fraunhofer ILT in Aachen.

Directors’ Committee

The Directors’ Committee advises the
Institute’s managers and is involved 
in deciding on research and business
policy. The members of this committee
are: Vasvija Alagic  (since Nov. 05),
Dipl.-Phys. A. Bauer, Dr. K. Boucke, 
Dr. A. Gillner, Dr. J. Gottmann, B.-O.
Großmann (until Nov. 05), Dipl.-Ing. 
H. D. Hoffmann, Dr. S. Kaierle, Dr. E. W.
Kreutz, Prof. Dr. P. Loosen, Dr. W. Neff,
Dr. R. Noll, Dr. D. Petring, Prof. Dr. R.
Poprawe, Prof. Dr. W. Schulz, B. Theisen,
Dr. B. Weikl, Dr. K. Wissenbach. 

Health & Safety Committee

The Health & Safety Committee is 
responsible for all aspects of safety 
and laser safety at the Fraunhofer ILT.
Members of this committee are:  
C. Bongard, M. Brankers, 
B.-O. Großmann, Dr. E.-W. Kreutz, 
A. Lennertz, Dr. W. Neff, E. Neuroth, 
B. Theisen, K.-H. Ulfig, Dipl.-Ing. F.
Voigt, Dipl.-Ing. N. Wolf, Dr. R. Keul
(Berufsgenossenschaftlicher Arbeits-
medizinischer Dienst BAD).

Science & Technology Council

The Fraunhofer-Gesellschaft’s Science 
& Technology Council supports and 
advises the various bodies of the
Fraunhofer-Gesellschaft on scientific
and technical issues. The members 
are the institutes’directors and one
representative elected from the science/
technology staff per institute. 

Members of the Council from the ILT
are: Prof. Dr. R. Poprawe, B. Theisen,
Dr. C. Janzen.

Department of Laser Technology LLT
at the RWTH Aachen

The Fraunhofer ILT is home to most of
the Department of Laser Technology.
This means that a close scientific relation-
ship between the Fraunhofer ILT and
the Department of Laser Technology
has been built up, based on a contract
of cooperation. Prof. Dr. rer. nat. 
Reinhart Poprawe M.A. is Director of
the Department of Laser Technology, 
Dr. E. W. Kreutz is Academic Director.

Betriebsrat

In March 2003 the staff association
was elected by the employees of the
Fraunhofer ILT and the Department 
of Laser Technology. Members are:
Dipl.-Ing. P. Abels, M. Brankers, 
M. Janßen, Dipl.-Phys. G. Otto, 
J. Petereit (since Sept. 05), I. Stein 
(until Sept. 05), B. Theisen (chair), 
F. Voigt, Dr. A. Weisheit, Dipl.-Ing. 
N. Wolf.
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Prof. Dr. Reinhart Poprawe (-110)
Director

Dipl.-Phys. Axel Bauer (-194)
Marketing and Communication

Vasvija Alagic (-181)
Administration

Dr. Bruno Weikl (-134)
IT-Management

Dr. Alexander Drenker (-223)
Quality Management

Prof. Dr. Peter Loosen (-162)
Vice Director

Dr. Konstantin Boucke (-132)
Laser Components

Dipl.-Ing. Dieter Hoffmann (-206)
Solid State and Diode Lasers

Dr. Reinhard Noll (-138)
Laser Measurement and 
Testing Technology

Dr. Willi Neff (-142)
Plasma Technology

Dr. Dirk Petring (-210)
Cutting and Joining  

Dr. Konrad Wissenbach (-147)
Surface Treatment

Dr. Arnold Gillner (-148)
Micro Technology

Dr. Stefan Kaierle (-212)
System Technology

Prof. Dr. W. Schulz (-204)
Modelling and Simulation
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Core Areas

Laser Components
Dr. Konstantin Boucke

• Active and passive cooling 
of diode lasers

• Mounting of diode laser bars
• Electro-optical characterization 

of diode lasers
• Simulation of new diode laser 

structures
• Micromachining techniques
• Automation of micromachining 

techniques

Solid State and Diode Lasers
Dipl.-Ing. Dieter Hoffmann 

• Development of solid state 
and diode lasers

• Development of fiber lasers
• Methods and components for 

frequency doubling
• Forming of diode laser beams
• Development of diode laser 

modules and systems
• Design and characterization 

of micro-optical components
• Development of components 

for solid state and diode lasers

Laser Measurement and Testing
Technology
Dr. Reinhard Noll 

• Development, construction, 
integration and testing of laser 
measurement and testing equipment

• Chemical analysis of solid, liquid 
and gaseous substances with laser 
spectroscopy

• Spectroscopic monitoring of welding 
processes

• Fuorescence analysis
• Quantification of protein interactions 

using label-free laser scattering 
methods

• Measurement of distances, profiles 
and shapes with laser triangulation

• Inspection of surfaces
• Real time operation and automation
• In vivo diagnostics for online moni-

toring of minimal invasive surgery

Plasma Technology
Dr. Willi Neff 

• Excitation systems for plasma 
technology

• Low and high pressure plasmas 
for cleaning processes and 
sterilisation

• Plasma based EUV and soft X-ray 
sources as well as X-ray technology

• Short time measurement techniques
• Photo and plasma chemistry

Cutting and Joining
Dr. Dirk Petring 

• Cutting, perforating, drilling, 
deep-engraving

• Welding, brazing, soldering
• High-speed processing
• Thick section processing
• Cutting and joining of special 

materials
• Welding with filler material
• Laser-arc hybrid technologies
• Product-oriented process 

optimization
• Multi-functional manufacturing 

processes
• Design and implementation 

of processing heads
• Sensor-based process control
• Computer-supported simulation 

and optimization
• Multimedia training and information

systems

Surface Treatment 
Dr. Konrad Wissenbach

• Transformation hardening, remelting,
cladding, alloying and dispersing 
for the production of load orientated
layers

• Development of powder feeding 
systems

• Heat treatment of coated and 
uncoated surfaces

• Cleaning and modification
of surfaces such as burr removing, 
activation and structuring

• Rapid prototyping and rapid 
manufacturing for production 
of metallic parts and tools

• Polishing of metals and glass
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Core Areas

Micro Technology
Dr. Arnold Gillner

• Laser micro soldering and micro 
welding 

• Laser supported bending and 
adjustment

• Precision cutting and drilling of 
metals, ceramics, semiconductors 
and diamonds

• Micro structuring with excimer and 
Nd:YAG-lasers

• Micro punching and stamping
• Marking and lettering
• Cutting and perforating of paper, 

plastics and composite materials
• Welding of thermoplasts and thermo-

plastic elastomeres
• Micro tool technology
• Laser medicine
• Laser applications for biotechnology
• Biophotonics
• Photochemical processes

Modelling and Simulation
Prof. Dr. W. Schulz 

• Design of hollow cathode discharge 
for generation of EUV-radiation 

• Design of optical resonators for 
gas, solid state, and high power 
diode lasers 

• Optimisation of beam guidance 
in optical systems 

• Analysis of radiation transfer in 
process gases during processing 

• Sub- and supersonic gas flow 
of assist and process gases 

• Analysis of melt flow, heat 
transport, and movement of phase 
boundaries 

• Dynamical models of cutting, 
welding and drilling 

• Data evaluation algorithms 
• Programming of graphical user 

surfaces for simulation of the 
models and visualisation of data 
using commercial graphic-servers 
like OpenGL®

• Numerical methods and codes, 
such as Cluster-In-Cell Code (CIC), 
adaptive meshing domains with 
moving boundaries (Hierarchical 
Basis), finite elements and finite 
volume methods on time dependent
domains (Level-Set Method)

• Process monitoring using spatial 
and temporal resolved detectors like
commercial CCD- and CMOS-camera
systems

• Control of processing

System Technology
Dr. Stefan Kaierle 

• Pilot plants
• Integration of laser technology into 

manufacturing systems
• Development of sensors and control 

systems (e. g. seam trading, distance 
measurement and control, multi-
sensor technology and linking)

• Process monitoring and quality 
control for welding, cutting, 
deposit welding and drilling

• CAD/CAM-supported laser processing
• Feasibility studies
• Process testing
• Small-lot applications
• Concept and design of plants
• Control technique for laser plants
• Education and training
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Services

The services of the Fraunhofer Institute
for Laser Technology ILT are continually
being adapted to the practical require-
ments of industry and include the 
solution of manufacturing problems 
as well as the realization of test series. 
In detail this means: 
• development of laser beam sources 
• manufacturing and assembling 

technology 
• pulsed power supplies and control 

technology 
• beam guiding and forming  
• development, set-up and testing 

of pilot plants 
• process development 
• process monitoring and control 
• model and test series
• integration of laser technology into 

already existing production plants 
• X-ray and plasma systems

Cooperations with R&D-Partners

The Fraunhofer Institute for Laser 
Technology ILT is cooperating with
R&D-partners in different ways: 
• Realization of bilateral, company 

specific R&D-projects with and 
without public support 
(contract for work and services) 

• participation of companies in 
public-funded cooperative projects 
(cofinancing contract) 

• Production of test, pilot and 
prototype series by Fraunhofer ILT 
to determine the reliability of 
the process and minimize the 
starting risk 
(contract for work and services) 

• companies with guest status at 
Fraunhofer ILT 
(special cooperation contracts)

By means of cooperation with other
research organizations and specialized
companies the Fraunhofer Institute for
Laser Technology offers solutions even
in the case of interdisciplinary tasks. 
A special advantage hereby consists in
the direct access to the large resources
of the Fraunhofer Society.

During the implementation phase 
of new laser processes and products, 
companies can acquire ‘guest status’
at the Fraunhofer Institute for Laser
Technology and use the equipment,
infrastructure and know-how of the 
institute as well as install their own 
systems. 

Services



Facilities

The usable floor space at the Fraun-
hofer Institute for Laser Technology ILT
amounts to more than 10,000 m2.

Technical Infrastructure
The technical infrastructure of the 
institute includes a mechanical and 
electronic workshop, a metallurgic 
laboratory, a photographic laboratory,
a laboratory for optical metrology as
well as a department for design and
construction. The Fraunhofer ILT also
has a video conference room and a
computer network. 

Scientific Infrastructure 
The scientific infrastructure includes 
a library with international literature,
patent and literature data bases as 
well as programmes for calculation 
of scientific problems and data bases 
for process documentation. 

Equipment 
The equipment of the Fraunhofer 
Institute for Laser Technology ILT is 
permanently being adapted to the 
state-of-the-art. At present, essential
components are: 
• CO2-lasers up to 20 kW
• lamps and diode pumped solid 

state lasers up to 8 kw
• fiber lasers, up to 4 kW
• diode laser systems up to 3 kW 
• SLAB laser
• excimer lasers
• ultra short pulse laser
• broardband tunable laser
• five-axis gantry systems
• three-axis processing stations 
• beam guiding systems
• robot systems

• sensors for process control in laser 
material processing 

• direct-writing and laser-PVD stations
• clean rooms for assembly of diode 

lasers, diode laser systems and 
diode pumped solid state lasers

• live sience laboratory with S1 and 
S2 classification

• devices for process diagnostics and 
high speed video analysis 

• laser spectroscopic systems for the 
chemical analysis of solid, liquid and
gaseous materials 

• laser triangulation sensors for 
distance and contour measurement

• laser coordinate measuring machine 
• confocal laser scanning microscopy 

Fraunhofer ILT abroad

Since its foundation, Fraunhofer ILT 
has been involved in many international
cooperations. The objective of these
cooperations is to recognize new
trends and current developments and
to acquire further know-how. The 
customers of Fraunhofer ILT can directly
benefit from this. Fraunhofer ILT carries
out bilateral projects as well as interna-
tional cooperative projects with foreign
companies and subsidiaries of German
companies abroad. These companies
can also contact Fraunhofer ILT
through: 
• international subsidiaries of 

Fraunhofer ILT 
• foreign cooperation partners of 

Fraunhofer ILT
• liaison offices of the Fraunhofer 

Society abroad 
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Facts and Figures

Employees

• 11 members of staff completed
their doctorates

• 15 undergraduates carried out 
their final year projects at the 
Fraunhofer ILT

16 Fraunhofer ILT Annual Report 2005

Employees at the Fraunhofer ILT 2005 number

Personnel 147
- Scientists and engineers 90
- Technical staff 38
- Administrative staff 19
Other employees 118
- Undergraduate assistants 110
- External employees 6
- Trainees 2
Total number of employees at the Fraunhofer ILT 265

42 % Undergraduate assistants

7 % Administrative staff

14 % Technical staff

1 % External employees, trainees

36 % Scientists/engineers



Revenues and Expenses 

Expenses 2005 (100 %)  Revenues 2005 (100 %) 
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Expenses 2005   Mill. EUR

Operating budget 18.6
- Staff costs 8.9
- Material costs 9.7

Investments 1.4

Revenues 2005  Mill. EUR

- Industrial revenues 9.0
- Additional financing from Federal Government,

States and the EU 4.8
- Basic financing from the Fraunhofer-Gesellschaft 4.8
Total revenues 18.6
- Revenues from projects abroad (already included in total) 3.6

48 % Material costs

7 % Investments

45 % Staff costs

26 % Additional financing from 
Federal Government, States and EU

48 % Industrial revenues

26 % Basic financing from 
the Fraunhofer-Gesellschaft

Facts and Figures



Budget Growth

The following graph illustrates the
budget trend over the last 16  years.

Facts and Figures
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Project revenues - public funding

Project revenues - industrial funding

Basic financing by Fraunhofer



March 2006
Printed with the kind permission 
of our partners.

The companies listed here represent 
a selection of the Fraunhofer ILT’s
many clients.
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Short Profile

The Fraunhofer Center for Laser Tech-
nology CLT, located in Plymouth,
Michigan, has a 1250 m2 development
center housing $9 million worth of the
most varied, leading edge laser equip-
ment in North America. This area has
established itself as the center for laser
production, system integration and
industrial users in the USA. 

The on-going goals are:
• Integration in scientific and 

industrial development in the USA
• Growth in know-how by faster 

recognition of trends in the field of 
laser and production technology

• Accelerated use of R&D and work 
methods, in which the USA is the 
leader

• Know-how growth through close 
cooperation with the Wayne State 
University and the University of 
Michigan.

• Strengthening position in the 
R&D market

• Increase of industrial return from 
the USA

• Increase of motivation and 
qualification level of employees

The central philosophy of Fraunhofer
USA is the creation of a German-
American joint venture where give 
and take occur in harmony. The win-win
situation is an essential prerequisite 
for both sides. The Fraunhofer 
Gesellschaft is always interested in
considering and trying to develop 
relationships on the American side 
that strengthen mutually.

The American partners’ interest 
concentrates on: 
• Using the competence of the 

Fraunhofer Institutes for American 
companies

• Using the experience in the 
introduction of new technologies 

• Providing the connection between 
industry and university 

• Providing practical training for 
students and graduate students 

In cooperation with the University of
Michigan fiber lasers are developed.
Basic technology and new concepts for
components and fibers emerge at the
university. Fraunhofer undertakes the
development of suitable pump sour-
ces, system integration and prototype
building. The focus of the investigation
is on diffraction limited radiation, fle-
xible pulse characteristic and monolithic
construction, as well as systems with
kW-output power are deployed inten-
sively.

In collaboration with the Wayne State
University, durably stable implants for
neurostimulation of the human brain
are being developed. The CLT is also
the main sponsor of the »Laserspot«
organization, founded in 2000, and
meanwhile supported by over 20
members. The purpose of Laserspot is
to promote applications of laser tech-
nology in various branches of industry.

Due to rapid commercialization of
research results and common process-
ing of research results, Visotek was
established out of the CLT in 2001.
Visotek produces intelligent laser tools
and runs job order production for the
automobile industry. Fiber coupled
diode lasers with kilowatt output
power were successfully transferred
from the research into the market. 
A further common development is a
special optic, which enables rapid two
dimensional scanning and auto focus
for lasers with an output power up to
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15 kW. This optic was successfully
applied in the shipbuilding for welding
of thick plates with variable weld seam
width and in the automotive industry
for robotic remote welding. Visotek
can perform 250 welding spots per
minute with 6 kW laser power.

Services

The CLT offers services in the field 
of laser processing, the development
of optical components and special
laser systems. This covers the entire
spectrum from feasibility studies, 
process development to pre-series
development as well as prototype 
production of laser beam sources and
laser systems which are ready to use.
As an independent institution small
and mid-sized companies are given the
opportunity to develop and test their
processes on Fraunhofer machines
with the help of Fraunhofer personnel.
It is also possible to develop and test
complete systems at the CLT. Our
customers come from the automobile
industry, construction industry, ship
building and medical engineering.

Employees

Both Germans and Americans are
employed at the CLT. The goal is to
rotate German employees so that the
collected experience can be brought
over to the parent institutes and to
offer German employees the opportu-
nity to become further qualified during
their stay in the USA. Furthermore, 
students from the Technical University
in Aachen write their diploma thesis 
in the USA.

Equipment

Current equipment in the CLT lab con-
sists of: CO2 lasers with up to 8 kW
power, Nd:YAG laser from 250 W to
4.4 kW, diode lasers from 30 W to 
3 kW, frequency trebled Nd:YAG laser
and excimer laser, a number of special
and hybrid optics, a series of 3, 5 and
6 axes systems, as well as several
robots.

References

• US Air Force Research Laboratories
• Office of Naval Research
• Michigan Lifescience Corridor
• Alcan
• Borg Warner Automotive
• Dana Corporation
• DaimlerChrysler
• Ford Motor Company
• General Motors
• Hemlock Semiconductors
• Nuvonyx
• LASAG
• PRC
• Rofin Sinar
• Spectra Physics
• Siemens VDO
• Trumpf
• Visteon

Operating Budget 2005* 

*Post-calculation has not occurred yet

Contact

Dr. Stefan Heinemann
Director

46025 Port Street
Plymouth
Michigan 48170
USA

Telephone: +1 734 / 354 -6300
Extension: -210
Fax: +1 734 / 354 -3335

sheinemann@clt.fraunhofer.com
www.clt.fraunhofer.com

Mio. US$

Operating budget 2.4 
- Staff costs 0.9
- Material costs 1.5
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Short Profile

At the CLFA in Paris, the Fraunhofer
Institute for Laser Technology ILT has
been cooperating since 1997 with 
leading French research organizations,
including ARMINES, the École Nationale
Supérieure des Mines de Paris ENSMP,
the Institut de Soudure, the Institut
Universitaire de Technologie du Creusot,
the École Nationale Supérieure de
Mécanique et des Microtechniques
ENSMM in Besançon and other major
laser application centers in France.
Multidisciplinary teams of specialists
from Germany and France work to-
gether on the transfer of laserassisted
manufacturing processes to European
industry. The Coopération Laser Franco-
Allemande is a member of the Club
Laser et Procédés, the French association
of laser manufacturers and users.

The on-going goals of the CLFA are: 
• Integration into scientific and 

industrial development in France
• Growth in know-how by faster 

recognition of trends in the fields 
of European laser and production 
technology

• Strengthening the position in the 
R&D market

• Assembly of a European competence
center for laser technology

• Increase of mobility and qualification
level of employees

The CLFA is actively participating in the
realization of European research and is
a result of increasing link of application
oriented research and development in
the field of laser technology in Europe.
The cooperation of the Fraunhofer ILT
with the French partners contributes 
to the improvement of the presence of
the Fraunhofer Gesellschaft in Europe
with the advantages for the French
and German sides equally taken into
consideration. On an international scale
this cooperation further strengthens the
leading position of European industry
in the laser supported manufacturing
process.

The French partners’ interests concen-
trate on:
• Using the competence of the 

Fraunhofer ILT for French companies
• Using the experience of the Fraun-

hofer ILT in the introduction of new 
technologies

• Providing the connection between 
industry and university with practical
training for students and graduate 
students
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Services

The CLFA offers services in the field of
laser material processing. This covers
the entire spectrum from application
oriented fundamental research and
training, feasibility studies and process
development to pre-series development
and system integration. Small and mid-
sized companies have the opportunity
here to get to know and test laser
technology in an independent system.
The open development platform allows
the French customers to test and qua-
lify new laser supported manufacturing
processes.

Employees

At the CLFA employees from France
and Germany work together. A mutual
exchange of personnel occurs between
Aachen and Paris for joint projects. 
The employees therefore have the
opportunity to improve their compe-
tence especially with regard to mobility
and international project management.

Equipment

In addition to the technical resources
available at the Fraunhofer ILT in 
Germany, the CLFA possesses its 
own infrastructure at the Centre des
Matériaux Pierre-Marie Fourt, an out-
station of the Ecole des Mines de Paris
based in Evry, south of Paris. Facilities
include access to the center’s material
analysis laboratories. The technical
infrastructure of other French partners
can also be shared on a project- or
customer-specific basis.

Locations

Paris - at the École Nationale Supérieure
des Mines de Paris ENSMP, in central
Paris.

Evry - on the premises of the Centre
des Matériaux Pierre-Marie Fourt,
roughly 40 km south of Paris.

Contact

Dr. Wolfgang Knapp
Director

CLFA c/o Armines
60 Boulevard Saint Michel
75272 PARIS Cedex 6
France

Telephone: +33 1 / 4051 -9476 
Fax: +33 1 / 4051 -0094

wolfgang.knapp@ilt.fraunhofer.de
www.ilt.fraunhofer.de/clfa.html
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Competence by Networking

Six Fraunhofer Institutes cooperate in
the Network Surface Engineering and
Photonics VOP. Complementary com-
petencies allow to adapt the research
activities to the rapid technological
progress in all industrial application
fields in a permanent, apace and flexible
way. Co-ordinated strategies, in line
with the currents needs of the market,
create synergy effects and provide 
a larger service for the benefit of the
customers.

Fraunhofer Institute for Electron
Beam and Plasma Technology FEP

The ambition of FEP is the research
and development of innovative 
processes for the utilisation of high
performance electron beams and 
vacuum sealed plasmas for surface
technology. Priority is given to problems
like process monitoring, quality control,
reproducibility, scaling, and profitability.

Fraunhofer Institute for Physical
Measurement Techniques IPM

The Fraunhofer IPM develops optical
systems for applications in spectros-
copy and light exposure technology. 
A major focus is the realisation of highly
dynamical systems. Besides a rapid
activation, they require special compe-
tencies in signal processing as realised
through robust and lowmaintenance
measurement systems for the infra-
structure monitoring of highspeed roads.

Fraunhofer Institute for
Laser Technology ILT

In the area of laser technology, the
interactive relationship between laser
development and laser applications is
of prime importance. New lasers allow
new applications, and new applications
set the stage for new laser systems.
This is why the Fraunhofer ILT is conti-
nually expanding its core competencies
through close cooperation with leading
laser manufacturers and innovative
laser consumers.

Above: Fraunhofer FEP
Middle: Fraunhofer IPM
Below: Fraunhofer ILT
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Fraunhofer Institute for Surface
Engineering and Thin Films IST

As an industry oriented R&D service
centre, the Fraunhofer Institute for
Surface Engineering and Thin Films IST
is pooling competencies in the areas
film deposition, coating application
and film characterization. Presently, the
institute is operating in the following
business fields: mechanical and auto-
motive engineering; tools; energy;
glass and facade; optics; information
and communication; life science and
ecology.

Fraunhofer Institute for Applied
Optics and Precision Engineering IOF

The core of the research activity of
Fraunhofer IOF is optical systems
engineering aimed at a steady impro-
vement of light control. The institute's
focus is on multifunctional optical 
coatings, optical measurement systems,
micro-optical systems, systems for the
characterisation of optics and compo-
nents for precision mechanics assem-
blies and systems.

Fraunhofer Institute for Material
and Beam Technology IWS

The Fraunhofer IWS is conducting
research in the areas of laser techno-
logy (e.g. laser beam welding, cutting,
hardening), surface technology (e.g.
build-up welding), micro machining as
well as thin film and nano technology.
The integration of material testing and
characterisation into research and
development constitutes and upgrades
the IWS spectrum.

Contact und Coordination

Speaker of the Network
Prof. Dr. Eckhard Beyer

Coordination
Udo Klotzbach
Telephone: ++49 (0)351 / 2583252
udo.klotzbach@iws.fraunhofer.de
www.vop.fraunhofer.de

The Institutes
www.fep.fraunhofer.de
www.ipm.fraunhofer.de
www.ilt.fraunhofer.de
www.ist.fraunhofer.de
www.iof.fraunhofer.de
www.iws.fraunhofer.de

Above: Fraunhofer IST
Middle: Fraunhofer IOF
Below: Fraunhofer IWS
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The Fraunhofer-Gesellschaft

The Fraunhofer-Gesellschaft under-
takes applied research of direct utility
to private and public enterprise and of
wide benefit to society. Its services are
solicited by customers and contractual
partners in indus-try, the service sector
and public administration. The organi-
zation also accepts commissions and
funding from German federal and 
Länder ministries and government
departments to participate in future-
oriented research projects with the aim
of finding innovative solutions to issues
con-cerning the industrial economy
and society in general.

By developing technological innovations
and novel systems solutions for their
cus-tomers, the Fraunhofer Institutes
help to reinforce the competitive
strength of the economy in their local
region, and throughout Germany and
Europe. Through their work, they aim
to promote the successful economic
development of our industrial society,
with particular regard for social welfare
and environmental compatibility.

As an employer, the Fraunhofer-Gesell-
schaft offers its staff the opportunity to
develop the professional and personal
skills that will allow them to take up
positions of responsibility within their
institute, in other scientific domains, in
industry and in society.

At present, the Fraunhofer-Gesellschaft
maintains some 80 research units,
including 58 Fraunhofer Institutes, at
over 40 different locations in Germany.
The majority of the roughly 12,500
staff are qualified scientists and
engineers, who work with an annual
research budget of over 1 billion euros.
Of this sum, more than EUR 900 million
is generated through contract research.
Roughly two thirds of the Fraunhofer-
Gesellschaft’s contract research revenue 

is derived from contracts with industry
and from publicly financed research
projects. The remaining one third is
contributed by the German federal 
and Länder governments, partly as 
a means of enabling the institutes to
pursue more fundamental research in
areas that are likely to become relevant
to industry and society in five or ten
years’ time.

Affiliated research centers and repre-
sentative offices in Europe, the USA
and Asia provide contact with the 
regions of greatest importance to 
present and future sci-entific progress
and economic develop-ment.

The Fraunhofer-Gesellschaft was foun-
ded in 1949 and is a recognized non-
profit organization. Its members include
well-known companies and private
patrons who help to shape the Fraun-
hofer-Gesellschaft’s research policy and
strategic development.

The organization takes its name from
Jo-seph von Fraunhofer (1787-1826),
the illus-trious Munich researcher,
inventor and entrepreneur.

Fields of Research

The Fraunhofer-Gesellschaft concentra-
tes on research in the following fields:
• Materials technology, component 

behavior
• Production and manufacturing 

technology
• Information and communication 

technology
• Microelectronics, microsystems

engineering
• Sensor systems, testing technology
• Process engineering
• Energy and construction 

engineering, environmental and 
health research

• Technical/economic studies, 
information transfer

Target Groups

The Fraunhofer-Gesellschaft is commit-
ted to working for the economy as a
whole, for individual businesses and
for society. The targets and benefi-
ciaries of our research activities are:
• The Economy: Small, medium-sized 

and large companies from industry 
and service sectors can all benefit 
from contract research. The Fraun-
hofer-Gesellschaft develops con-
crete, practical and innovative 
solutions and furthers the application
of new technologies.The Fraun-
hofer-Gesellschaft is an important 
‘supplier’ of innovative know-how 
to small and medium-sized com-
panies (SMEs) not equipped with 
their own R&D department.

• Country and society: Strategic 
research projects are carried out at 
federal and state level, promoting 
key technologies or innovations in 
fields of particular public interest, 
e.g. environmental protection, 
energy technologies and preven-
tative health care. The Fraunhofer-
Gesellschaft also participates in 
technology programs initiated by 
the European Union.
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Range of Services

The Fraunhofer-Gesellschaft develops
products and services to full maturity.
We work closely with our clients to
create individual solutions, combining
the efforts of several Fraunhofer insti-
tutes if necessary, in order to develop
more complex system solutions. The
services provided by the Fraunhofer-
Gesellschaft are:
• Product optimization and 

development through to prototype 
manufacture

• Optimization and development 
of technologies and production 
processes

• Support for the introduction of 
new technologies via:
- Testing in demonstration centers 

using highly advanced equipment
- In-house training for the staff 

involved
- On-going support, also sub-

sequent to the introduction of 
new processes and products

• Assistance in assessing new 
technologies via:
- Feasibility studies
- Market analyses
- Trend analyses
- Life cycle analyses
- Evaluation of cost-effectiveness

• Supplementary services, e.g.:
- Advice on funding, especially 

for SMEs
- Testing services and quality 

validation

The Advantages of Contract 
Research

Cooperation between all the Fraunho-
fer institutes means that our clients
have access to a large number of
experts covering a wide range of com-
petencies. Thanks to common quality
standards and professional project
management, the Fraunhofer institutes
ensure that research projects achieve
results that can be relied on. Our insti-
tutes are equipped with up-to-date
laboratory technology, making them
attractive to companies of all sizes and
from all industrial sectors. As a strong
community, we can provide our part-
ners with reliability and economic
benefits: the Fraunhofer-Gesellschaft
can bring the knowledge already 
gained from cost-intensive preliminary
research into joint projects.

Research Facilities in Germany
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Jointly shaping the future

The RWTH Aachen University Chairs
for Laser Technology LLT and the Tech-
nology of Optical Systems TOS, along
with the study and research depart-
ment for the non-linear dynamics of
laser production methods NLD, repre-
sent an outstanding cluster of exper-
tise in the field of optical technologies.
This permits supercritical treatment of
basic and application-related research
topics. The close cooperation with the
Fraunhofer Institute for Laser Technolo-
gy ILT not only permits industrial con-
tract research on the basis of sound
fundamental knowledge, but also pro-
vides new stimuli for the advanced
development of optical methods, com-
ponents and systems. The synergy of
infrastructure and know-how is put to
active use under a single roof.

This structure particularly benefits up-
and-coming young scientists and engi-
neers. Knowledge of current industrial
and scientific requirements in the opti-
cal technologies flows directly into the
planning of the curriculum. Further-
more, undergraduates and postgradu-
ate students can put their theoretical
knowledge into practice through pro-
ject work at the Fraunhofer ILT. Univer-
sity courses are drawn up jointly as
well. The interdisciplinary collaboration
between physicians and engineers, for
instance, has resulted in a university
seminar for advanced dental training
being set up. Teaching, research and
innovation – those are the bricks with
which the three university departments
and the Fraunhofer ILT are building the
future.

Chair for Laser Technology LLT

The department of laser technology at
RWTH Aachen has been engaged in
application-oriented research and
development in the fields of micro,
thin film, surface and x-ray technology
and in integrated optics since 1985.
Laser beam sources with short pulse
durations of between 10-13 and 10-3

seconds are employed in the micro
structuring of materials by ablation
and modification. Applications include
the drilling of holes in metal for aero-
space engineering and the processing
of glass by changing the index of
refraction.

Pulsed laser deposition is used to pro-
duce thin coatings for wear protection,
electronics, integrated optics and
medical engineering applications. 
Coating with laser beams makes it
possible to produce complex multi-
component materials with controlled
film structures.

Laser-beam deposition welding is used
in wear and corrosion protection,
maintenance and the production of 3D
components. The chief customers are
mechanical engineering, tool manufac-
turing and engine building companies.

Contact
Prof. Dr. Reinhart Poprawe M. A.
Phone: +49 (0)241/8906-109
Fax: +49 (0)241/8906-121 
reinhart.poprawe@ilt.fraunhofer.de
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Chair for the Technology 
of Optical Systems TOS

By establishing the Chair for the Tech-
nology of Optical Systems in 2004,
RWTH Aachen accorded recognition to
the increasingly central role of highly
developed optical systems in manufac-
turing, the IT industries and the life
sciences. Research activities focus on
the development and integration of
optical components and systems for
laser beam sources and laser devices.

Highly corrected focusing systems for 
a high laser output, beam homogeni-
zation facilities and innovative beam
shaping systems are all key compo-
nents of laser systems used in produc-
tion engineering. The performance 
of fiber lasers and diode-pumped solid-
state lasers, for instance, is determined
by optical coupling and pump light
homogenizers. Waveguide structures
for frequency conversion are yet an-
other topic of research. In the area of
high-power diode lasers, micro- and
macro-optical components are deve-
loped and combined to form complete
systems. In addition, assembly tech-
niques are optimized.

Contact
Prof. Dr. Peter Loosen
Phone: + 49 (0)241/8906-162
Fax: +49 (0)241/8906-121
peter.loosen@ilt.fraunhofer.de

Study and research department
for the non-linear dynamics of laser
production methods NLD

Founded in 2005, the study and re-
search department for the non-linear
dynamics of laser production methods
NLD complements the system-oriented
R&D activities of the LLT and TOS de-
partments.

The goal of non-linear dynamics is 
to investigate technical systems by
mathematical, physical and experimen-
tal means and to make these research
findings available for industrial 
production and teaching purposes.

Solving equations to determine the
continuum limit in physical systems
makes it possible to analyze flow 
patterns in process gases and molten
charges that constitute boundary 
layers, for instance. It is only through
simulation and modeling, moreover,
that thermal radiation during welding
can be diagnosed.

The application of mathematical
models not only makes it easier to
understand dynamic processes, but
actually gives rise to entirely new pro-
duction engineering concepts. Thanks
to the close cooperation with the
Fraunhofer ILT, the insights gained can
be directly implemented in industrial
laser materials processing. As an ex-
ample, online monitoring systems are
systematically expanded and adapted
to meet practical needs.

Contact
Univ.-Prof. Dr. habil. Wolfgang Schulz
Phone: +49 (0)241/8906-204
Fax: +49 (0)241/8906-121
wolfgang.schulz@ilt.fraunhofer.de
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Short Profile

PhotonAix, the Competence Network
for Optical Technologies and Systems,
was founded in 2002 by the Fraun-
hofer Institute for Laser Technology ILT,
the Fraunhofer Institute for Production
Technologies IPT and the Laboratory 
of Machine Tools and Production
Engineering WZL of the RWTH Aachen.
Aachen-based PhotonAix and eight
other regional competence networks
made up of more than 400 members
from research and industry are concen-
trating their skills with the mutual goal
of promoting optical technologies in
their respective regions. 

These competence networks represent
the full range of »Made in Germany«
optical technologies, from laser-based
materials processing and biophotonics
to transportation and aerospace appli-
cations. The networks are primarily
engaged in providing services such 
as technology management, start-up
consulting, regional technology and
industry marketing, quality training
and education initiatives, and fostering
communications within the network.
The regional concentration of expertise
leads to practical, real-time problem
resolution and an accelerated transfer
of research results into market-ready
products. 

Highlights 2005

Besides the joint booths of the Com-
petence Networks for Optical Techno-
logies at the Photonics West 2005
exhibition in San Jose, USA and at
Laser 2005 in Munich, a key highlight
last year was the inaugural visit of
NRW innovation minister Prof. Dr. Pink-
wart. Professor Dr. Andreas Pinkwart,
the North Rhine Westphalian Minister
for Innovation, Science, Research and
Technology, paid a visit to the Aachen
technology region on November 2,
2005, focusing on the Aachen Univer-
sity of Technology RWTH and the
Fraunhofer Institute for Laser Techno-
logy ILT. Professor Poprawe, chairman
of PhotonAix e. V., held a special 
presentation for the minister at the
Fraunhofer ILT, demonstrating state-of-
the-art beam sources for generating
extreme ultraviolet light (EUV) and
innovative slab lasers for material pro-
cessing. The minister was particularly
impressed by the rapid industrial
exploitation of research findings by 
the two Fraunhofer spin-offs Philips
Extreme UV GmbH and EdgeWave
GmbH.

Contact

PhotonAix e. V.
Dipl.-Phys. Christian Hinke
Managing director
Steinbachstraße 15
52074 Aachen

Phone: +49 (0) 241/8906-352
Fax: +49 (0) 241/8906-121
hinke@photonaix.de
www.photonaix.de
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Laser and Plasma Sources



This business area encompasses the
development of diode laser modules
and systems as well as diode-pumped
solid-state lasers with different resona-
tor structures (stab,slab,fibre), the de-
sign of new diode laser structures, the
microassembly of diode lasers and 
optical components, and the develop-
ment of plasma systems. Outstanding
project results, which have been success-
fully transferred to practical applications
in close cooperation with industrial
partners, include the transversally diode-
pumped 5 kW solid-state laser, the 
INNOSLAB laser and diode laser modules
for joining plastic components. For
more than 10 years spinn-offs of the
Fraunhofer ILT are set up in the frame-
work of some projects. In cooperation
with the Fraunhofer IAF new structures
are being designed which permit 
the manufacture of diode lasers de-
monstrating higher beam quality. 
The business area continues to enjoy 
a unique reputation in the assembly 
of high-power diode lasers and in 
particular the installation of partially
automated assembly facilities. Work in
the plasma technology sphere focuses
on the development of EUV beam
sources for semiconductor lithography.
The main target markets for the busi-
ness area as a whole are laser machining,
medical engineering and metrology,
along with the component market for
information and communications tech-
nology.
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Fiber laser with integrated 
control electronics. 



Microchannel heat sink with 
adjusted thermal expansion 34

Diomount - Automated mounting 
device for high-power diode lasers 35

OEM pulsed diode driver 
for burn-in applications 36

Modular burn-in system 
for pulsed mode operation 37

Dense wavelength division 
multiplexing for high-power 
diode lasers 38

Fiber-integrated microlasers 39

Miniaturized slab laser 
with hybrid architecture 40

Production of single-frequency 
nanosecond laser pulses 
at 532 nm for LIDAR range-
finding applications 41

Producing sub-ns laser pulses 
with adjustable pulse duration 
for micromaterials processing 42

UV solid-state lasers of high 
average output 43

Active stabilization of beam 
position in high-power lasers 44

Optical decoupling of 
unpolarized laser radiation with 
high average output 45

Wave-optical simulation of 
optical systems 46

Imaging with ultra-short 
pulsed X-rays 47

Absolutely calibrated EUV 
diagnosis for spatially resolved 
measurement of in-band intensity 48

Extreme ultraviolet 
reflectometer for the 
characterization of grazing-
incidence optics 49

Simulation of laser-induced 
vacuum discharge 50

Note from Institute Director
We would like to point out that the publication
of the following industry projects has been
coordinated with our customers. In principle,
industry projects are subject to the strictest
obligation to maintain secrecy. We would like
to take this time to thank our industrial partners
for their willingness to have their reports listed
published.
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Task

Diode lasers that are cooled by con-
ventional copper heat sinks have a 
limited service life. This is partly due 
to deterioration of the indium solder
and to high mechanical stresses induced
during the mounting process. The latter
can be attributed to the different 
co-efficients of thermal expansion
possessed by the heat sink and the 
laser bar. Matching these will greatly
increase the service life.

Method

One way of matching the coefficients
of thermal expansion is by combining
copper and molybdenum layers in a
sandwich construction. This solution
combines the good workability and 
excellent thermal properties of copper
with the low thermal expansion of 
molybdenum. The thermal expansion
behavior can be adapted to the laser
bar by varying the thicknesses of the
separate layers, which have been cal-
culated in advance by means of thermal
simulation.

In a collaborative venture with tecnisco
Ltd. (Japan), the Fraunhofer ILT has 
developed an active heat sink for high-
power diode lasers using a copper-
molybdenum sandwich construction.
Measuring 26.5 x 11.5 x 1.5 mm3,
the heat sink is designed for a thermal
power loss of up to 80 W and has a
computed coefficient of thermal ex-
pansion of 7.9 ppm/K. The symmetrical
arrangement, the material and the
thickness of the layer result in a signi-
ficant reduction of the bimetal effect.
Additional flow calculations were per-
formed during the design of the mi-
crochannels to identify and optimize
critical areas such as dead water zones
and stagnation points.

Results and Applications

The finished heat sinks confirm the 
results of the preliminary calculations.
The thermal resistance is below 
0.5 K/W for a laser bar with a width of 
10 mm, a resonator length of 1.2 mm
and a filling factor of 50%, measured
at a pressure loss of 1.3 bar and a
throughput of 0.5 l/min. The coefficient
of thermal expansion achieved was 
7.8 ppm/K. The deformation of the
mounting surface is less than 1µm at
an assumed soldering temperature of
300°C when using a gold-tin solder. In
a 4000-hour endurance test, mounted
high-power diode laser bars have so
far displayed no degradation in optical
performance, and no changes in flow
behavior are apparent either.

Contact

Dipl.-Dipl.-Ing. M. Leers, Tel.: -343
michael.leers@ilt.fraunhofer.de
Dr. K. Boucke, Tel.: -132
konstantin.boucke@ilt.fraunhofer.de
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Microchannel heat sink 
with adjusted thermal expansion

Above: Microchannel heat sink
with adjusted thermal expansion.
Below: Cut surface showing the
copper and molybdenum layered
structure.



Task

The mounting of high-power diode 
lasers on passive or active heat sinks 
by means of reflow soldering calls for
extremely precise measuring and hand-
ling techniques. The structural condition
and latent stress of the solder layer are
significantly affected by the mounting
process. The relative position of the 
laser bar to the front edge of the heat
sink calls for tolerances in the µm range,
in order to avoid thermal damage to
the diode laser during operation and
thereby extend service life.

Method

An air-cushioned 8-axes granite-based
positioning system with its own control
and monitoring unit is embedded in
the basic set-up. A vacuum gripper
picks up the laser bars one at a time
from a special tray or directly from the
Gel-Pak®. The reflow soldering furnace
reaches a maximum of 350 °C with a
heating rate in excess of 20 K/s and is
suitable for all conventional types of
heat sinks. The soldering process takes
place at atmospheric pressure, with 
integrated feed lines for protective gas
and reactive gas. An optical distance
sensor positioned in front of the sol-
dering furnace measures the relative 
positions of the laser bar and the heat
sink. Next, the fine positioning of the
laser bar relative to the heat sink is
performed with the aid of a special 
algorithm. 

Results and Applications

CW laser bars were successfully sol-
dered using an indium soldering
process. The positioning accuracy
achieved was as follows:

• Overhang of the bar over the 
heat sink: 5 µm ± 1 µm

• Rotation of laser bar across the 
entire width < 2 µm

• Smile < 1 µm

Subsequently, to round off the package,
n-contact metal sheets can be soldered
with the same device using an
indium/tin solder.

Customized, expanded versions of 
the Diomount system were realized in
a cooperative venture with ficonTec
GmbH. Functions such as tray manage-
ment, laser bar inspection and link-up
to a database, can be integrated. 

Contact

Dipl.-Ing. N. Bönig, Tel.: -173
norbert.boenig@ilt.fraunhofer.de
Dr. K. Boucke, Tel.: -132
konstantin.boucke@ilt.fraunhofer.de
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Diomount - Automated mounting device 
for high-power diode lasers

View of the Diomount device;
the 8-axes system with the sol-
dering furnace and the optical
sensor is located between the
PC workstation on the left and
the control unit on the right.



Task

The task was to develop a burn-in
module whose power supply unit can
operate in variable pulse mode as well
as CW mode. The clamp unit must be
capable of adapting to varying diode
geometries. All safety-relevant func-
tions are to be monitored internally
and the test signals processed for later
display.

Method

A compact pneumatically operated
clamp unit is closely connected to a
pulsed diode driver. The line between
the ports of the diode laser and the
power supply unit is only a few cen-
timeters long, an arrangement that 
ensures the low inductivity required 
for the transmission of short pulses.
The power supply unit consists primari-
ly of a power element and a control 
element. The power element generates
a continuous or pulsed laser current 
as required, and requires a 300 VDC
power supply for this purpose. There 
is a separate 24 VDC power source for
the control element, which checks the
test parameters needed for the burn-in
process, monitors all safety functions
and regulates the diode laser current.
The clamp unit is operated from the
front panel of the unit, which has a
service port with a RS232 interface for
maintenance purposes.

All ports for supply units and data lines
are on the rear panel of the unit.
The module is designed to be installed
in a switching cabinet and is controlled
via a CAN bus. However, it can also be
used for laboratory applications with
the aid of a monitoring program. In
this case, the appropriate safety re-
quirements must be observed.
The module does not contain any com-
ponents requiring maintenance.

Results and Applications

The burn-in module has three operat-
ing modes, each with different para-
meters:

• CW mode: 
- Maximum current amplitude 150 A

• Pulsed mode: 
- Maximum current amplitude 200 A
- Pulse length 100 µs - 400 µs 
- Duty cycle 1% - 50%

• On/off mode: 
- Maximum current amplitude 150 A
- Switching frequency 0.1 - 10 s

• Interfaces:
- CAN bus on rear panel
- RS232 service connector on 

front panel
• Maximum operating temperature 

approx. 70°C 

Contact

Dipl.-Ing. U. Radenz, Tel.: -268
ulf.radenz@ilt.fraunhofer.de
Dipl.-Ing. W. Brandenburg, Tel.: -192 
wolfgang.brandenburg@ilt.fhg.de
Dr. K. Boucke, Tel.: -132
konstantin.boucke@ilt.fhg.de
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OEM pulsed diode driver for burn-in applicationsns

Above: Front view of the clamp
unit.
Below: Control and power element
of the power supply unit.



Task

Burn-in systems for determining the
degradation characteristics of high-
power diode lasers in CW mode have
become an established quality assur-
ance tool. As a result of the increased
use of pulsed diode lasers, particularly
for the pumping of solid-state lasers,
but also for direct applications, ever
greater importance is attached to rele-
vant test data. The task was to provide
a system dimensioned for the specifi-
cations of diode lasers in years to
come. A modular design  was chosen
to enable users to adapt the number
of test places to their own require-
ments.

Method

The core of the system is an OEM
power pack developed at the Fraun-
hofer ILT. The present set-up has 20
test places arrayed in a control cabinet
and interconnected via a CAN bus. A
central 300 VDC power pack supplies
power for all the modules. There are
two separate water circulation systems
for tempering the laser diodes up to a
maximum of 70° C and cooling the
power electronics.

A user interface with three hierarchical
levels makes it possible to set different
parameters for each test place. The
laser light output, diode current, diode
voltage and temperature values are
recorded at selected time intervals and
displayed as a graph. The data can also
be viewed on an external PC via a Web
browser.

Results and Applications

The system has three operating modes.
In all operating conditions, the mode
can be freely selected according to the
output data of the power source.

1. Constant current:
The degradation of the laser light 
output is determined at a constant 
current.

2. Constant light:
The optical output rating is 
maintained at a constant level 
by adjusting the current during 
degradation.

3. Characteristics:
The optical output rating of a laser 
diode is determined as a function 
of the current.

Contact

Dipl.-Ing. W. Brandenburg, Tel.: -192 
wolfgang.brandenburg@ilt.fhg.de
Dr. K. Boucke, Tel.: -132
konstantin.boucke@ilt.fhg.de
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Modular burn-in system for pulsed mode operation



Task

The power density of diode laser sys-
tems can be increased by using multi-
plexing procedures such as polarization
and wavelength superposition through
dielectric layers. The number of diode
laser wavelengths that can be used is
limited by the emission spectrum of
the diode laser, which is affected by
the laser temperature, the current to
the laser and the edge steepness of
the optical filter. The use of external
diffraction gratings makes it possible
to narrow the emission spectrum of
the diode laser and reduce the wave-
length shift caused by the current
and/or temperature. Stabilizing the
wavelength enables the diode laser
beams to be superimposed with close
spacing of the center wavelength.

Method

The emission bandwidth of a diode
laser is reduced by a factor of 10 by
external feedback from a wavelength-
selective diffraction grating, and the
center wavelength is fixed within the
gain bandwidth of the diode laser. Dif-
fraction gratings are used to allocate
different emission wavelengths to
diode lasers with the same gain band-
width. In the second step of the
process, the diode laser radiation is su-
perimposed using a diffraction grating
whose reflexion and transmission be-
havior is selected according to the
emission wavelengths and the super-
position angle of the diode lasers.

In contrast to conventional noncohe-
rent methods, this procedure enables
laser beams to be superimposed with
their center wavelengths very close 
together, thus achieving an increase 
in brightness.

Results and Applications

The diode laser spectrum can be 
stabilized within the spectral range 
of 0.7 nm (Fig. above ) with a center
wavelengths spacing of approximately
3 nm (Fig. in the middle), each yielding
more than 95% of the optical output.
The maximum efficiency of beam su-
perposition achieved within the output
range of two 40 W diode laser bars is
over 80% with good beam quality in
Fast Axis (Fig. below).

Contact

Dipl.-Ing. C. Wessling, Tel.: -467
christian.wessling@ilt.fraunhofer.de
Dipl.-Ing. H. D. Hoffmann, Tel.: -206
hansdieter.hoffmann@ilt.fraunhofer.de
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Dense wavelength division multiplexing 
for high-power diode lasers

Above: Diode laser spectrum
(free-running and stabilized).
Middle: Spectrum of two 
diode lasers after beam super-
position.
Below: Beam caustic in Fast
Axis after beam superposition.
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Task

Micromachining applications require
lasers with a diffraction-limited beam
quality and an optical output power
ranging from 10 W to 100 W. In addi-
tion to a sturdy and compact design,
an elementary waste heat removal by
means of air cooling is required.

Method

Pigtail laser diodes are coupled into a
double-clad fiber using a 7-to-1 fiber
coupler. The 20 µm Yb doped active
core converts the pump radiation into
laser radiation with a wavelength of
approx. 1085 nm.

A transport fiber can be spliced to the
fiber tip that delivers the laser output.
Alternatively, the tip can be provided
with a connector. Manufacturing costs
are kept low by integrating the diode
lasers and the control electronics on a
printed circuit board. A microcontroller
permits control and monitoring of the
laser via CAN bus or RS-232. The tem-
perature of the pump diodes and the
pump and laser output power are 
recorded by integrated fiber-coupled
photosensors, enabling the output to
be regulated and the status monitored.
The system exclusively uses fiber-cou-
pled components and is adjustment
free, while being resistant to shock
and vibration.

The heat sink on the rear panel cools
the fibers and pump diodes. The heat
from the diodes is removed through
the printed circuit board via cooling
mounts. The module can be cooled
with air or water as required.

Results and Applications

Applications in the field of welding
and cutting of thin materials can be
performed with a continous wave laser
output in the range up to 100 W.
Work is in progress to extend ope-
ration to pulsed mode with pulsed
power in the 100 kW range, in order
to open up new applications such as
marking, surface structuring and range
finding.

Contact

Dipl.-Phys. J. Geiger, Tel.: -123 
jens.geiger@ilt.fraunhofer.de 
Dipl.-Ing. B. Zintzen, Tel.: -123 
bernhard.zintzen@ilt.fraunhofer.de
Dipl.-Ing. H. D. Hoffmann, Tel.: -206
hansdieter.hoffmann@ilt.fraunhofer.de
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Fiber-integrated microlasers 

Fiber laser with integrated 
control electronics. 



Task

The integration of optical and electro-
nic elements in a single module, permitt-
ing largely automated manufacturing
in a manner comparable to conven-
tional circuit board production, has
hitherto been limited to the telecom-
munications sector.

The manufacture of high-power lasers
involves complex mechanics and hand
assembly, making low-cost series pro-
duction impossible.

INNOSLAB lasers developed by the
Fraunhofer ILT enable compact planar
arrangements that can be scaled up to
the 100-W range while maintaining
diffraction-limited beam quality. The
rectangular shape of the slab laser
components and the design of the 
OSRAM SPL LG pump sources allow
for simple assembly on a common
baseplate and thus make it possible to
automate manufacturing of the device.

Method

An initial laboratory prototype of a
»hybrid architecture« laser combining
traditional mechanics and circuit board
technology has been built, creating a
powerful compact unit with integrated
control, monitoring and regulation
functions.

The second step will be to combine the
laser optics and the control board on a
shared baseplate, allowing automated
assembly techniques established in the
electronics sector to be adopted for
laser manufacturing.

Results and Applications

The »hybrid architecture« laser permits
a medium power output of 12 W,
which can be doubled by using a 
second pump laser diode. 

The significant reduction of costs and
installation space extends potential ap-
plications particularly in the field of
marking, which has so far been the ex-
clusive province of ink-jet or conven-
tional laser printers.

Contact

Dipl.-Phys. M. Hoefer Tel.: -123 
marco.hoefer@ilt.fraunhofer.de 
Dipl.-Ing. H. D. Hoffmann, Tel.: -206
hansdieter.hoffmann@ilt.fraunhofer.de
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Miniaturized slab laser with hybrid architecture

Microslab laser with integrated
control electronics.



Task

LIDAR (Light Detection And Ranging)
applications are widely used in metro-
logy. One such application is the locally
resolved determination of the density
of particles or gases in the atmosphere,
another is the locally resolved determi-
nation of the speed of particles in the
atmosphere or in fast flowing gases.
All these applications require a laser
system that will generate frequency-
stable narrowband beams with pulse
power in the multi-100 kW-range.

The concrete LIDAR application calls
for a compact laser system that can
provide single-frequency pulses with 
a pulse energy > 6 mJ at a wavelength
of 532 nm and a pulse duration < 20 ns
with a repetition rate > 1 kHz, using a
fiber with a core diameter of 300 µm. 

Method

An electro-optical Q-switched diode
end-pumped Nd:YAG rod laser with a
twisted-mode resonator is seeded by a
commercial, variable single-frequency
laser. The resonator length is actively
stabilized by controlling the pulse
build-up time and incorporating a
piezo element. The pulses generated in
this way are amplified using an ampli-
fier based on the INNOSLAB technology
developed at the Fraunhofer ILT. In a
subsequent stage, the pulses are first
frequency-doubled by means of non-
linear frequency conversion and then
coupled into a 300 µm fiber.

Results and Applications

Pulses with a duration < 20 ns and 
energy of 1.5 mJ at a repetition rate of
1 kHz were produced with the seeded
rod oscillator in a provisional »bread-
board« arrangement. These pulses
were successfully amplified to a pulse
energy of 14 mJ@1064 nm with the
aid of the INNOSLAB amplifier stage.
The subsequent frequency conversion
achieved a pulse energy of 7 mJ@532
nm at a beam quality of M2 < 1.2. The
spectral signal-to-noise ratio was de-
termined as < 10-5.

The laser system is currently being 
integrated in a compact 19’’ industrial
housing.

Contact

Dipl.-Phys. M. Hoefer, Tel.: -128
marco.hoefer@ilt.fraunhofer.de
Dipl.-Phys. D. Esser, Tel.: -437
dominik.esser@ilt.fraunhofer.de
Dipl.-Ing. H. D. Hoffmann, Tel.: -206
hansdieter.hoffmann@ilt.fraunhofer.de
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Production of single-frequency nanosecond laser 
pulses at 532 nm for LIDAR range-finding applications

Seeded single-frequency 
oscillator.



Task

High-power laser pulses with ad-
justable pulse duration in the sub-
nanosecond range offer an advanta-
geous means of increasing the efficien-
cy and quality of laser-beam micro-
structuring processes and of varying
the marking size in the subsurface en-
graving of dielectric materials. At a
pulse duration of 300 ps, for example,
pulse energies >100 µJ and a virtually
diffraction-limited beam quality at a
wavelength of 1064 nm are required in
order to reach the respective process
thresholds.

Method

The stipulated parameters can be
achieved using a MOPA arrangement.
The oscillator consists of an electrically
modulated laser diode whose pulse
duration can be varied with the gain
current. An additional bias current
minimizes spiking.

The laser pulses produced in this way
are amplified to the required pulse en-
ergy with a regenerative amplifier.
Faraday isolators protect the laser
diode from reflected radiation.

The maximum achievable pulse dura-
tion always depends on the resonator
length of the regenerative amplifier
and the switching times of the Pockels
cell and the control unit.

A pulse repetition rate between 1 kHz
and 10 kHz can be selected in 1-kHz
steps.

Results and Applications

An average laser output greater than 
2 W with diffraction-limited beam
quality was achieved with a regenera-
tive amplifier based on a Nd:YVO4
crystal at a pulse duration < 300 ps
and a pulse repetition rate of up to 10
kHz. Resonators with lengths between
140 cm and 190 cm were built up.
Laser pulses with pulse durations in the
range between 0.3 ns and 1.5 ns were
amplified to the required pulse energy.

Preliminary trials with subsurface laser
engraving were successful. The anti-
cipated improvement of precision in 
the subsurface engraving of glass 
was achieved. The laser is now being
prepared for use in micromaterials 
processing.

Contact

Dipl.-Phys. D. Esser, Tel.: -437
dominik.esser@ilt.fraunhofer.de
Dipl.-Ing. H. D. Hoffmann, Tel.: -206
hansdieter.hoffmann@ilt.fraunhofer.de
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Producing sub-ns laser pulses with adjustable pulse
duration for micromaterials processing

Above: Shape of the amplified
diode laser pulse.
Below: Regenerative amplifier.



Task

Innovative production processes such
as the direct exposure of printed circuit
boards or electronic circuit board
drilling applications require a stable UV
solid-state laser with an average out-
put of over 10 watts. At present, UV
argon lasers are used for direct expo-
sure of printed circuit boards and CO2

lasers for PCB drilling. Argon lasers are
characterized by high power consump-
tion and the limited lifetime of main
components. CO2 lasers are on princi-
ple unable to achieve drilling diameters
as small as 25 µm for highly integrated
printed circuit boards. To resolve 
this problem, all-solid-state UV laser
systems are being developed in coop-
eration with Jenoptik Laser, Optik, 
Systeme GmbH which will exhibit an
output power of over 10 watts and 
increased operational reliability at 
considerably reduced operating cost.

Method

A Q-switched slab MOPA arrange-
ment, consisting of a diode end-
pumped INNOSLAB oscillator with a
slab amplifier downstream of it, deli-
vers virtually diffraction-limited laser
beams of high average output at 
1064 nm with pulse repetition rates
between 5 and 50 kHz. This laser is
first frequency-doubled (532 nm), then
either frequency-tripled (355 nm) or
frequency-quadrupled (266 nm) using
nonlinear crystals.

Results and Applications

At a repetition rate of 10 kHz, the slab
MOPA arrangement delivers an output
power of over 120 watts at 1064 nm
with a beam quality of M2 ≤ 2 and a
pulse length of less than 30 nanose-
conds. 

Frequency conversion enables the 
following peak values to be obtained: 

• 65 W at 532 nm M2 ≤ 1.3 
• 36 W at 355 nm M2 ≤ 1.8
• 14 W at 266 nm M2 ≤ 4

The conversion process was optimized
with the OPT software package deve-
loped at the Fraunhofer ILT. This allows
all the vital parameters of the laser
source (such as beam shape and tem-
poral pulse characterization) and the
parameters of the various non-linear
crystals to be taken into account and
optimized. A special highlight is the 
integrated FEM module, which made it
possible for the first time to calculate
and analyze the effects of the thermal
phenomena that occur in the nonlinear
crystals during the conversion process
as the radiation is absorbed. 

Contact

Dipl.-Phys. Marco Hoefer, Tel.: -128
marco.hoefer@ilt.fraunhofer.de
Dipl.-Ing. H. D. Hoffmann, Tel.: -206
hansdieter.hoffmann@ilt.fraunhofer.de 
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UV solid-state lasers of high average output

INNOSLAB-oscillator-amplifier
arrangement for frequency 
conversion (left: Q-switched 
oscillator, right: amplifier). 



Task

Laser beam sources are subject to 
unwanted thermal effects that can
change the angle and position of the
output beam during laser operation.
Many laser applications call for a high
degree of pointing stability. This can be
attained in various ways, but measures
to optimize the design of the laser
beam source are expensive. An alter-
native is to construct a control system
that will compensate for the fluctua-
tions in the beam position.

Method

Using a laser fiber coupling as a model,
an active beam position stabilizer con-
sisting of a sensor unit, an actuator
system and a controller is set up. The
sensor unit comprises position-sensitive
diodes (PSD) to determine the angle
and position of the output beam. The
changes detected in the beam position
are corrected with piezo-controlled
mirrors. An optical imaging system
helps to link the components used 
and to determine the adjustment tole-
rances and transmission functions
needed in order to build the controller
on the microcontroller.

Results and Applications

The sensor detects the position of the
beam focus with an accuracy of 4 µm.
The beam focus on the fiber is resolved
to a position of ± 0.84 µm and an an-
gle of ± 0.75 mrad by interpreting the
optical image of the laser radiation on
two PSDs. The beam pointing fluctua-
tions caused by thermal influences in
the laser beam source are stabilized
with a combination of a controller,
piezo driven mirrors and a sensor unit.
The controller maintains a stable beam
position on the fiber within an angular
range of ± 2 mrad and a position
range of ± 2.07 µm.

Besides the use of the sensor to detect
laser radiation focus, the beam po-
sition stabilizer can be used in its pre-
sent form for the development of laser
beam sources and prototypes. Other
fields of application besides fiber 
coupling include the decoupling of
multi-stage laser systems and the 
construction of long resonators.

Contact

Dipl.-Ing. D. Sossenheimer, Tel.: -339
dirk.sossenheimer@ilt.fraunhofer.de
Dipl.-Phys. M. Hoefer, Tel.: -128 
marco.hoefer@ilt.fraunhofer.de 
Dipl.-Ing. H. D. Hoffmann, Tel.: -260
hansdieter.hoffmann@ilt.fraunhofer.de
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Active stabilization of beam position 
in high-power lasers

PSD (position-sensitive diode).



Task

Radiation from solid-state lasers with
an average output in the kW range is
usually transferred via optical fibers.
Lasers with strong optical amplifica-
tion, such as rod and fiber lasers, are
sensitive to feedback from the process
or from non-linear effects in the trans-
port fiber. Such feedback may result in
unstable behavior or damage to optical
components.

The aim is to develop an arrangement
for optical decoupling of the laser and
the workpiece, or the fiber, at high ave-
rage output. This decoupling should 
also be useable for statistically polarized
radiation. Faraday isolators have mostly
been used up to now for linear pola-
rized laser radiation with an average
output in tens of watts. At higher out-
puts, however, they display thermal ef-
fects that increase losses and decrease
the suppression of reflected radiation.

Method

Based on a former developed arrange-
ment of 2 parallel switched high-
power Faraday isolators an arrange-
ment was integrated to compensate
the thermally induced birefringence.
This minimizes the decrease of the de-
gree of isolation with increasing power
and permitts a sufficient isolation up 
to a range of several kilowatts. 

Results and Applications

The use of the arrangement to com-
pensate for thermally induced birefrin-
gence has made it possible to reduce
transmission losses to under 7% and
suppress reflected radiation by more
than 15 dB at an average output of 
2 kW. This means that adequate de-
coupling from the workpiece at a high
level of efficiency can be ensured.

In addition, transmission losses were
reduced to less than 5% and reflected
radiation suppressed by more than 
26 dB in an extremely compact and
cost-effective arrangement that only
requires a single Faraday rotator at an
average power output of 100 W. Both
of these arrangements are used in 
material processing applications such
as marking, welding and cutting.

Contact

Dipl.-Phys. K. Nicklaus, Tel.: -224
kolja.nicklaus@ilt.fraunhofer.de
Dipl.-Ing. H. D. Hoffmann, Tel.: -206
hansdieter.hoffmann@ilt.fraunhofer.de
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Optical decoupling of unpolarized laser radiation with
high average output

Test setup for isolator arrange-
ment with fiber coupling.



Task

Development of laser devices and laser
applications involves designing and 
optimizing optical systems. In the case
of laser applications, the systems in
question are beam-shaping optics. In
laser development, allowance must 
also be made for the laser medium, 
for instance non-linear amplification in
the active medium or beam interaction
with non-linear crystals. In many cases,
allowance is also made for diffraction
effects in beam propagation. Although
commercial software packages for 
the wave-optical simulation of optical
systems do already exist, they are not
sufficiently flexible to rapidly integrate
new tasks. The goal was therefore to
develop a software tool that will be 
efficient, flexible and expandable.

Method

For reasons of efficiency, the software
was programmed in C++. An object-
oriented design was chosen in order 
to ensure expandability. Each optical
element is implemented in a C++ class,
thus allowing new optical elements 
to be implemented by creating a new
C++ class for each one. A Python in-
terface was provided for ease of use.
Python is an interpreted, object-oriented
programming language. The software
package is known as »OPT«.

Results and Applications

»OPT« is employed in the development
of diode-pumped high-power Nd:YAG-
lasers. In addition to the thermal lens
effect, it takes stress-induced effects
into account. Since cylindrical coordi-
nates can be used as well as Cartesian
coordinates in »OPT«, the software is 
particularly useful for handling coaxial
shapes. »OPT« includes an optical ele-
ment for the three-wave coupling that
simulates frequency doubling. This is 
illustrated in the figure below by the
intensity distribution of the frequency
doubling on exit from the non-linear
crystal. The asymmetry of the input
wave on exiting from the crystal is
caused by spatial walk-off, a pheno-
menon that occurs in birefringent 
materials and can be defined as the
deviation of the direction of wavefront
propagation from the Poynting vector.

Contact

Dr. R. Wester, Tel.: -401
rolf.wester@ilt.fraunhofer.de
Prof. Dr. W. Schulz, Tel.: -204
wolfgang.schulz@ilt.fraunhofer.de
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Wave-optical simulation of optical systems 

Frequency doubling: Intensity 
distribution of input wave (above)
and frequency-doubled wave 
(below) on exiting from the 
non-linear crystal. 



Task

An X-ray source with unique applica-
tion properties can be created by 
directly generating X-rays from laser
pulses only a few femtoseconds (fs)
long. No other technology holds the
same potential for generating ultra-
short X-ray pulses while keeping the
source size very small (laser focus 
~2 µm2; source size ~10 µm2). The
sources previously used to demon-
strate feasibility and potential applica-
tions have been restricted to research
laboratories because of their large size
and the environmental conditions that
they require. The system presented
here was developed on the basis of 
the femtosecond laser system for 
use specifically in an industrial and/or
medical environment.

Method

To achieve the electrical field strengths
needed for adequate acceleration of
electrons through the laser field, inten-
sities greater than 1016 W/cm2 must be
generated. Compact lasers with 
significantly greater efficiency can be
produced by using colquiriite crystals
(Cr:LiSAF, Cr:LiSGaF, Cr:LiCAF) as a
laser medium. A colquiriite-based 
femtosecond laser system of this kind
has been set up as a laboratory model,
and currently achieves maximum pulse
energies of 160 µJ at a pulse duration
of 80 fs and thus peak powers of
around 2 GW. The laser pulse repeti-
tion rate is 2.5 kHz with spectral band-
widths of 24 - 37 nm, and the power
consumption for the overall system in-
cluding the cooling units is 250 watts. 

Multilayer mirrors are used for spectral
breakdown of the X-rays generated in
the laser focus, and the X-ray spectrum
can be registered with a CCD camera.
The use of a pre-pulse and main pulse
technique significantly enhances the
output of X-ray photons.

Results and Applications

The pulsed X-rays are generated by 
focusing diffraction-limited laser pulses
on a silicon wafer (Si) placed in a vacu-
umchamber to prevent breakdown in
air. An autofocusing system for focus
position control enables the laser radi-
ation to be focused as required despite
the low depth of field. So far, Siκα

yields (photon energy: 1.74 keV) of
5*108 photons per laser pulse have
been obtained.

To demonstrate the contrast that can
be achieved with the X-ray source, the
figure below shows the X-ray image 
of a laser-cut structure made of silicon
at a distance of 0.6 m from the X-ray
source (left), located behind a 20 µm
thick silicon plate (right).

In addition to time-resolved x-ray dif-
fraction, another potential application
of the system is in time-resolved x-ray
photography to register the headway
made during laser beam drilling
processes.

Contact

Dipl.-Ing. H. D. Hoffmann, Tel.: -206
hansdieter.hoffmann@ilt.fraunhofer.de
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Imaging with ultra-short pulsed X-rays

Above: Arrangement for 
imaging with ultra-short pulsed
X-rays. 
Below: X-ray image of a silicon
structure (exposure time 40 s),
left: direct figure, right: behind
20 µm thick silicon plates.

2000 µm



Task

The rapid progress of development in
the field of extreme ultraviolet radia-
tion has led to a heightened interest 
in providing novel diagnostic methods
for the characterization of EUV optics. 
Measurement of the beam profile is of
critical importance in determining the
imaging properties of optical systems. 

From the beam profile, conclusions can
be drawn as to the quality of the opti-
cal system. This not only applies to the
correct adjustment of the optics but 
also to the investigation of material
properties such as surface roughness
and shape fidelity and the measure-
ment of optical characteristics under
the conditions that will exist in later
applications such as EUV lithography. 
It is thus possible to investigate inter-
action between the radiation source
and the optical system, such as the
way in which the imaging properties
are influenced by thermal effects or 
by the deposition of debris.

Method

A detector was set up, the »in-band
screen«, which reproduces the intensi-
ty distribution of incident EUV radia-
tion in spatial resolution. The main ele-
ment of the detector is a disk-shaped
Ce:YAG crystal that converts the radia-
tion striking the front of the crystal in-
to visible light (~ 550 nm). The con-
verted light is detected on the back of
the crystal disk by a CCD camera and
analyzed by a computerized system.
The crystal is so dimensioned that
beam profiles with a diameter of up to
50 mm can be measured. The front of 
the crystal is given a special coating to
restrict its sensitivity to the EUV range
only. The composition of the coating 

is such that only the wavelength range
relevant to EUV lithography, around 
13 nm, is allowed to pass. In order 
to obtain an absolute determination 
of the photon flow to the »in-band
screen«, it was compared with an ab-
solutely calibrated reference diagnosis.

Results and Applications

The »in-band screen« is currently 
employed for the characterization of
collector shells used in EUV lithogra-
phy. Operating with grazing incidence
in a Wolter configuration, these reflec-
tive shells are designed to capture as
large an angle as possible of the radia-
tion source and transfer it to optical
systems disposed further downstream.
The imaging properties of the collec-
tors can be determined on a purpose-
built test rig comprising an EUV
source, the collector mounting with 
its adjustment unit, and the »in-band
screen«. The figure shows the mea-
sured and the simulated spatial distri-
bution of the EUV radiation at the col-
lector focus. In a subsequent compari-
son, the measuring results were found
to be largely consistent with the ray
tracing simulation.

This work was funded by the BMBF.

Contact

Dr. O. Rosier, Tel.: -302
oliver.rosier@ilt.fraunhofer.de
Dr. W. Neff, Tel.: -142
willi.neff@ilt.fraunhofer.de
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Absolutely calibrated EUV diagnosis for spatially 
resolved measurement of in-band intensity

Measured (above) and simulated
(below) intensity distribution of
EUV radiation at the focus of an
optical collector.

20 mm

20 mm



Task

In extreme ultraviolet lithography, pre-
ference is given to grazing-incidence
collector optics based on multiple-shell
systems. However, the beam source
environment causes thermal stress 
and deposition of debris on the optics. 
Because of this, there is a need for 
further research and development
aimed at improving the collector design
and the surface material and testing
suitable debris mitigation systems.

Method

To determine the reflectivity of mirror
samples for the central wavelength of
13.5 nm, a compact EUV reflectometer
was built around a Xenon-based gas
discharge source. The broadband light
from the source is monochromatized
to a bandwidth of approximately 1 nm
and directed onto the sample via two
reflexions on multilayer mirrors. The 
reflected light is detected with an EUV-
sensitive diode. Absolute statements
on reflectivity are obtained by making
a comparison with the signal from a
reference diode. Typical sample sizes
are in the range of 3 cm x 3 cm, and
both plane and curved mirrors can be
measured. The accessible angle range
is between 5° and 35°. The repro-
ducibility rate is approximately 2%,
and the absolute accuracy is roughly
the same. This was confirmed by a
comparative measurement on a refe-
rence sample that had previously been
characterized at the Physikalisch-Tech-
nische Bundesanstalt in Berlin.

Results and Applications

The reflectometer is currently em-
ployed mainly for Philips’ development
activities in the field of debris mitiga-
tion and cleaning strategies for the
collector to be used in a future EUVL
scanner. The figure illustrates typical
measured reflection curves for mirrors
made of various metals. By taking into
account reference data for the refrac-
tion index, it is possible to infer the
surface roughness with tolerances in
the sub-nanometer range by the fit of
the measuring curve, for example. This
equipment also permits the thickness
of coatings on a substrate or the co-
vering of a surface with nanometer-
scale dust particles to be deduced
through shadowing effects dependent
on the angle of incidence. The work
was partially funded by the BMBF.

Contact

Dr. K. Bergmann, Tel.: -302
klaus.bergmann@ilt.fraunhofer.de
Dr. W. Neff, Tel.: -142
willi.neff@ilt.fraunhofer.de
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Extreme ultraviolet reflectometer 
for the characterization of grazing-incidence optics

Reflection curves for 
ruthenium, palladium and 
gold mirrors. The solid lines 
display roughness fits as free
parameters.



Task

Extreme ultraviolet (EUV) radiation is
generated with a vacuum arc ignited
by laser-induced ablation of the cathode
surface. The laser radiation power may
be sufficient to heat up and ionize the
vaporous material, causing a laser-in-
duced plasma to be formed between
the electrodes while there is no signifi-
cant flow of current. The challenge
posed by users is to develop a simulation
that will register the relationship between
the efficiency of the EUV radiation and
the temporal and spatial development
of the laser-induced plasma.

Method

The one-dimensional numerical model
of the plasma dynamics was enlarged
to two dimensions, making it possible
to calculate an expansion with cylin-
drical symmetry. The calculations cover
the period that elapses until the beginn-
ing of the electrical discharge. This 
period is known as »ignition time«.

Results and Applications

This simulation can be employed for
the typical parameters of laser-induced
vacuum discharge. The figures illus-
trate the particle density and the de-
gree of ionization of a laser-induced
plasma at ignition time (when there is
no significant flow of current). At the
moment of ignition, particle density
varies by three or four orders of mag-
nitude between the cathode and the
anode. The plasma is ionized up to
four times. The degree of ionization
decreases towards the electrodes, 
maximum ionization thus being found
between the electrodes.

Contact

Dr. M. Aden, Tel.: -469
mirko.aden@ilt.fraunhofer.de
Prof. Dr. W. Schulz, Tel.: -204
wolfgang.schulz@ilt.fraunhofer.de
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Simulation of laser-induced vacuum discharge  

Above: Density distribution 
of laser-induced plasma between
cathode (z = 0) and anode (z = 1)
at ignition time.
Below: Degree of ionization of 
laser-induced plasma between 
cathode (z = 0) and anode (z = 1)
at ignition time.



Laser Material Processing



Production processes addressed by 
this business area include cutting and
joining techniques applying micro- and
macro-technology, as well as surface
engineering. The services provided 
extend from process development for
the manufacture of sector-specific 
products and the integration of these
processes in production lines, through
simulation services for laser applications,
to the production of samples in sup-
port of series production start-up. The
strength of the business area is rooted
in its extensive process know-how,
which is tailored to specific customer
requirements in each case. In addition
to process development, the business
area offers complete system solutions
which utilize selected technology net-
works. Customers are offered laser-
specific solutions that encompass design
engineering, material specification,
product design, production equipment
and quality assurance. In addition to
the target market of material process-
ing, the business area also addresses
customers in the medical engineering,
biotechnology and chemical sectors. 
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Business Area
Laser Material Processing

SLM - titanium component. 
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Note from Institute Director
We would like to point out that the publication
of the following industry projects has been
coordinated with our customers. In principle,
industry projects are subject to the strictest
obligation to maintain secrecy. We would like
to take this time to thank our industrial partners
for their willingness to have their reports listed
published.
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Task

In hybrid microsystems, individual
components made of different materials
such as silicon, glass, ceramics and
single crystals like sapphire are inte-
grated in a total system. In the case 
of silicon and glass, for example, a
connection is made by means of sur-
face-area joining techniques such as
anodic bonding. The problem with
these techniques, however, is that
they exhibit high thermal loading and
low flexibility of the joint geometry. As
an alternative to these conventional
techniques, laser-beam bonding mini-
mizes the heat influence zone and the
distortion connected with it through
precise control of energy deposition.

Three-dimensional components are of-
ten used in microsystem technology.
The application of laser-beam bonding
in the production of such components
represents a special challenge, but laser
beam bonding can e.g. be used to join
lenses, deflection mirrors and glass 
fibers onto silicon carriers for the pro-
duction of e.g. wavelength multiplexers.

Method

The general principle of laser-beam
bonding is based on transmission 
joining in which one of the parts being
joined is transparent for the laser 
radiation deployed and the other is 
absorbent. The main part of the energy
from the laser beam is applied as heat
in the boundary layer of the parts
being joined and the specific contact
point is heated.

Results and Applications

Laser-beam bonding holds great po-
tential for application in the packaging
of microsystem assemblies. The re-
search results for application of laser-
beam bonding to three-dimensional
components indicate the possibility of
joining assemblies made of glass, such
as lenses, deflection mirrors and glass
fibers, onto a silicon carrier, for use in
optical networking, medical technolo-
gy and micro-optics. The use of thermal
process control makes it possible to
join complex geometries in the tiniest
of spaces without any heat build-up
and melting. As a result, the further
miniaturization of e.g. micromixers
(microfluidic structures) for medical
technology and bioanalysis will become
possible.

In addition, the results of basic re-
search indicate that laser-beam trans-
mission joining can also be applied to
other material systems. The correct 
selection of the laser wavelength and
the radiation parameters coupled with
process-adapted material selection 
will, for instance, permit the joining of
glass/glass, glass/ceramic and sapphire/
ceramic.

Contact

Dipl.-Ing. F. Sarı, Tel.: -145
fahri.sari@ilt.fraunhofer.de
Dr. A. Olowinsky, Tel.: -491
alexander.olowinsky@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Laser-beam bonding of three-dimensional 
components made of silicon and glass

Above: Model mirror on silicon.
Middle: Glass fiber on silicon.
Below: Lens on silicon.
Very below: Sealed micromixer.



Task

For the manufacture of hybrid micro-
systems, components and function
groups are used which are made of va-
rious materials with different dimen-
sions and properties. The production of
such a system from individual elements
requires flexible connection techniques
with which different materials can be
reliably joined together to meet the
material and product specifications. In
operating practice, however, the requi-
rements in respect of thermal sensitivi-
ty of the parts to be joined and the
technical specifications of the resulting
joined connections are often contra-
dictory.

Method

Transient Liquid Phase (TLP) soldering 
is a bonding technique which provides
the formation of temperature-resis-
tant, tough intermetallic phases. The
basis for this type of connection is pro-
vided by diffusion processes between
the metallic materials of the soldering
system which are as a rule present as 
a layer composite. The soldered layer
composite consists of three metallic
layers. The two outer layers are com-
posed of a high-melting material and
the intermediate layer of a compara-
tively low-melting material.

To ensure a stable and reproducible
procedure, the reaction process bet-
ween the different phases needs a
constant joining pressure as well as pro-
cess temperature which is just slightly
above the melting temperature of the
low-melting material. Controlled heat-
ing of the parts to be joined is achie-
ved by means of a closed-loop control
circuit based on a high-power diode 
laser, a pyrometric sensor system and a
digital proportional-integral-differential
controller.

Results and Applications

For the experimental tests, cubic parts
made of borosilicate glass or silicon
were metallized prior to joining, either
with a gold layer or with a gold and 
indium two-layer system. The selected
materials gold (Tm = 1 064 °C) and in-
dium (Tm = 156 °C) offer various ma-
terial properties. In addition to general
process amenability for TLP soldering,
gold and indium exhibit a low tendency
to oxidize, high corrosion resistance
and likewise high plasticity. Thanks to
its high plasticity, this material combi-
nation is ideal for soldering compo-
nents with different coefficients of
thermal expansion. After appropriate
process control, a soldered connection
is produced on the basis of the inter-
metallic phases AuIn (Tm = 509 °C) 
and AuIn2 (Tm = 540 °C) which exhibits
a distinctly higher thermal strength 
(> 450 °C) than the actual production
and process temperature (~180 °C).

Contact

Dr. L. Bosse, Tel.: -305
luedger.bosse@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de

Fraunhofer ILT Annual Report 2005     55

Transient liquid phase soldering with laser radiation

Glass

Auln, Auln2

Gold

Gold

Silicon
20 µm



Task

Laser-beam microwelding is being 
increasingly used to join components
in electronics, medical technology and
precision mechanics. Short process 
times, high-temperature-resistant welds
and minimal distortion as a result of
reduced energy input are just a few of
the advantages inherent in this joining
technique.

The wide range of product variants
and their short product life cycles means
that system technology is needed
which can adapt flexibly and reliably to
constantly changing products and ma-
terials. By using scanners it is possible
to produce any seam configuration re-
quired at high welding and positioning
speeds.

Method

As an alternative to Nd:YAG lasers, fiber
lasers have been increasingly used in
recent times for microwelding. The 
30 nm higher wavelength compared
with the Nd:YAG laser means that 
the present optical systems used in
processing need to be adapted. With 
a beam quality of M2 < 2, beam dia-
meters of less than 30 µm can be
achieved using scanners. As a result,
outputs of between 100 and 200 watts
are adequate for welding highly re-
flecting materials such as copper.

Results and Applications

Laser-beam microwelding using fiber
lasers in combination with scanners
was successfully applied for copper
and stainless steel as well as mixed
combinations of these materials.

The weld seams exhibit low roughness
and high aspect ratios. For both ma-
terials the deep penetration welding
effect is achieved. The seams in the lap
joint are crack-free thanks to the low
degree of dilution.

By using fiber lasers, weld seams of
any length can be produced. The good
beam quality permits long working dis-
tances. This means that pre-assembled
or partially housed components can 
also be welded.

Contact

Dipl.-Ing. K. Klages, Tel. -490
kilian.klages@ilt.fraunhofer.de
Dr. A. Olowinsky, Tel.: -491
alexander.olowinsky@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Laser-beam microwelding with fiber lasers

Above: Micrograph CuNi3Si1Mg
P = 150 W, v = 200 mm/s, d0 = 30 µm.
Below: Micrograph of lap joint
X5CrNi1810, CuNi3Si1Mg, P = 200 W, 
v = 200 mm/s, d0 = 30 µm.

200 µm

100 µm



Task

Under a contract from and in coopera-
tion with the company Possehl Electro-
nics Nederland B.V. in the Netherlands,
the welding of passive heat sinks with
leadframes for semiconductor compo-
nents was realized as an industrial ap-
plication of the SHADOW® process.
Both the 0.3-mm-thick heat sinks and
the 0.1-mm-thick leadframes consist 
of a copper material. The components
are mechanically joined and electrically
contacted by 4-spot welds.

The joining task described places vari-
ous requirements on the process tech-
nology. For example, an accuracy of 
± 25 µm has to be achieved when po-
sitioning the parts to be joined. As far
as the joining technology is concerned,
a spatter-free weld is required, because
undamaged functional surfaces must
be provided for later mounting of the
semiconductor components.

Method

In preparation for the industrial part-
ner’s series-production operations, an
existing fully automated welding faci-
lity consisting of component feeder,
welding station and unloading/maga-
zine unit was converted. In particular,
a pulsed Nd:YAG laser and a LASAG
galvanometer scanner were integrated
in the welding station. As a result of
these changes to the system technolo-
gy, the welds are not produced as con-
ventional spot welds with a stationary
beam but are made using a moving 
laser beam. During a single pulse, the
laser beam is guided in a circular path
over the joining level by the galvano-
meter reflectors. The diameter of the
circular path is smaller than the focus 

diameter. The joints achieved using this
welding technique are of comparable
quality to those attained with spot
welding but with higher reproducibility.

Results and Applications

The required positioning accuracy is
achieved by means of a specially de-
signed clamping unit. A pneumatic 
system is used to guarantee coverage
of the functional surfaces as well as
the secure positioning of the compo-
nents by appropriate guidance of all
the moving parts.

Application of the SHADOW® process
for micro-ring welds yields a more 
stable and reproducible welding process
than spot welding with a stationary
beam. A further advantage of the 
process is the better controllability 
of the welding depth. The SHADOW®

process therefore offers distinct ad-
vantages in terms of process reliability
when used as an alternative to con-
ventional spot welding.

Contact

Dipl.-Ing. J. Gedicke, Tel.: -145
jens.gedicke@ilt.fraunhofer.de
Dr. A. Olowinsky, Tel.: -491
alexander.olowinsky@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Automated laser-beam welding 
of electronic components

Above: Detail view of 
a micro-ring weld. 
Below: Full view of the 
converted welding unit.

0,5 mm



Task

Sheet forming represents a suitable and
frequently used process for the mass
production of sheet metal components.
At room temperature a high degree 
of shape accuracy is achieved. Most
materials can, however, only be formed
to a limited extent. By heating the
sheet metal prior to forming, the maxi-
mum degree of forming is increased,
but above the recrystallization tempera-
ture the material suffers a permanent
loss of hardness. With the aid of form-
ing at elevated temperatures, the 
advantages of both processes can be
combined to achieve high material
qualities and high degrees of forming.

Conventional semi-hot and hot form-
ing is only possible with a great deal of
equipment. The use of laser radiation
permits controllable, rapid heating of
the metal sheet. By using additional 
optics, the laser radiation can selectively
heat specific areas of the sheet. As a
result, the energy input into the sheet
is low.

Method

By using transparent tool inserts made
of sapphire, the laser radiation can be
guided onto the bottom of the sheet
in parallel with the process. Fiber-guided
lasers simplify integration in a single
tool.

The feasibility in principle of in-process
heating by means of laser radiation
was firstly proved and now a single-
column hydraulic press is being deployed
for the production of tiny metallic 
parts under series-production conditions.
A multi-stage modular tool permits up
to three forming steps per machine
stroke. The start and duration of heat-
ing depend on the current speed and
position.

Results and Applications

Stamping tests in aluminum show 
that the penetration depth is 2.5 times
greater compared with cold forming.
In these tests the sheet is heated for 
5 seconds and then shaped using a
structured tungsten carbide stamp.

Possible applications exist in particular
in sectors where high component 
qualities and small structural sizes are
required. Also, because the yield stress
is reduced, the technique can be used
for forming high-strength, brittle ma-
terials.

Contact

Dipl.-Ing. J. Holtkamp, Tel.: -273
jens.holtkamp@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Laser-assisted forming

Above: FEM simulation of the 
forming process.
Below: Tool insert with integrated
power sensor for stamping slots
measuring 5 x 0.3 mm2.



Task

Until now, it has been very expensive
to employ miniaturized ceramic parts
with feature dimensions significantly
inferior to 1 mm, or ceramics with a
functional microstructured surface.
Existing methods of manufacturing
these components by injection mold-
ing or machining are only of marginal
suitability for low- or medium-scale
batch production. What is more, the
growing degree of miniaturization 
means that many required geometries
cannot be produced at all by conven-
tional manufacturing methods. A pos-
sible solution in such cases is laser ab-
lation, which is capable of producing
geometries with features < 100 µm,
but which is relatively slow and expen-
sive when employed in large-scale 
production in connection with sintered
ceramics. To enjoy the benefits of high-
performance ceramics even for mass-
produced components, there is an un-
met need for manufacturing methods
that permit rapid and reliable process-
ing of geometries < 100 µm.

Method

The ceramics are structured rapidly and
precisely by laser micro-ablation while
still unsintered but thermally pre-pro-
cessed. The processing takes place on
a microstructuring machine with a fre-
quency tripled Nd:YAG laser. The ma-
chine features a 5-axis moving system
for precise positioning of the sample
and a scanner system with a telecentric
f-Θ lens enabling it to reach a fast pro-
cessing speed with a high degree of
precision. The geometry data are trans-
mitted via a CAD/CAM link.

Results and Applications

The technique of processing green 
ceramics accelerates the processing
speed by a factor of up to 20 compared
with sintered ceramics. Economic 
processing of larger surface areas 
than with sintered ceramics becomes
possible in this way. Ablation rates 
in the range of 1 mm3/min can be
achieved while realizing extremely fine
structures (approx. 50 µm) with high
aspect ratios and edge angles in the
range from 5 to 7º.

Contact

Dipl.-Ing. (FH) C. Hartmann, Tel.: -207
claudia.hartmann@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Laser microstructuring of green ceramics

Above: Microstructuring 
of Al2O3 unsintered ceramics.
Middle: The same ceramic 
bodies after sintering. 
Below: Section of the structure
after sintering. 



Task

Nanostructures offer great potential
for imparting new functions to surfaces
without affecting any of their other
properties. The high surface-to-volume
ratio makes it possible to obtain optical
and chemical functions that cannot 
be achieved on smooth surfaces. As 
an example, nanostructuring can pro-
duce superhydrophobic surface proper-
ties on certain polymers. This type of
structure on a medical dispensing aid
can cause medicines to drain off com-
pletely, thus ensuring accurate dosage
of the drug.

Method

Nanostructures were created with the
aid of a purpose-built twin-beam inter-
ference setup, which makes it possible
to implement structural resolutions be-
low the employed wavelength with the
aid of interference effects. A frequency
tripled Nd:YAG laser with a coherence
length of about one meter was used 
as the beam source. The interference
structure can be modified by varying
the angle of exposure and inserting
different optical elements. A plane-
convex lens was used to vary the spot
size and thus the energy density of 
the beam on the surface of the sample.
This setup enables interference patterns
with features approximately 100 nm
wide to be produced.

Results and Applications

Using this setup, nanostructures were
generated directly by photochemical
ablation in thin polyimide films (trade
name: Upilex-S). The striped patterns
generated in single-pulse mode have 
a feature width of approximately 
120 nm.

These stripe patterns are used for in-
vestigating cell growth behavior on
surfaces. Other uses of these structural
features include the locally resolved
binding of biomolecules and, in the
further course of development, the
setting of locally resolved surface 
effects in microfluidic components.

Contact

Dipl.-Phys. S. Beckemper, Tel.: -325
stefan.beckemper@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Nanostructuring of polyimide films

SEM image: Stripe-patterned
structure on a polyimide film. 



Task

The integral part of a medical diag-
nostics device contains an elastomer-
sheathed element that moves relative
to an adjacent fixed component. In 
order to reduce the friction between
the two components, the elastomer
surface needs to be structured. Both
the structuring depth and the topo-
graphical form can be freely selected.

Method

A lubricant was previously chosen and
satisfactorily tested. For this reason,
the project initially focused on the 
optimal distribution of the anti-friction
agent over the surface of the compo-
nent.

Because elastomers have high absorp-
tion levels when the surface is treated
with a 10.6-µm wavelength infrared
CO2 laser beam, using a setup at 
the Fraunhofer ILT the plastic surface
of the component was ablated in a 
regularly spaced pattern to allow the
lubricant to adhere more effectively.

The individual pits were produced 
by applying single 30-mJ pulses with
pulse lengths of 50 µs. The picture
shows an SEM image of the surface.

Results and Applications

Although there is presently no way 
to quantitatively measure the frictional
properties, the initial tests demon-
strated that a previously observed dry 
running could be significantly reduced.
The frictional behavior will eventually
be optimized by varying the depth,
spacing and diameter of the pits.

Contact

Dipl.-Phys. G. Otto, Tel.: -165
gerhard.otto@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Elastomer structuring to reduce kinetic friction

Above: SEM image of the 
elastomer surface structured
using single laser pulses.
Below: SEM image of the 
elastomer surface structured
using single laser pulses 
(enlarged). 



Task

Traumatic injuries to the central nervous
system cause the loss of neurological
functions. The development of artificial
substrates to encourage the proliferation
and growth of nerve cells is a major
achievement on the road toward suc-
cessful regeneration of damaged nerves.

In the Fraunhofer exchange program
PROF.x2, laser-microstructured polymer
substrates are being examined for their
ability to stimulate the controlled axonal
growth of nerve cells.

Method

Substrates made of poly(dimethyl 
siloxane) (PDMS) with a channeled 
microstructure are produced by photo-
lithography/molding and by direct 
polymer ablation using an excimer 
laser. The substrates are then coated
with poly-L-lysine and laminin. Dorsal
root ganglion (DRG) cells of postnatal
rats are cultivated on the substrates for
24 hours. The neurite propagation is
examined by means of phase contrast
microscopy, immunocytochemistry and
scanning electron microscopy (SEM).

Results and Applications

The laser ablation process is well suited
to the production of topographically
modified substrates that are to be 
populated with neurons. In terms of
versatile geometry, this process is more
flexible than photolithography. Laser
ablation can be used to create sloping
channel walls and cascading trenches,
for instance. The greater roughness of
the channel walls and plateaus caused
by this process forms a suitable »an-
chor structure« for the neurites.

The »bridging effect« first described 
in the group led by Professor Hoffman-
Kim - the ability of neurons to bridge
trenches - was also observed on sub-
strates with laser-generated channels.
The investigation focuses on a detailed
study of the cell processes as a func-
tion of channel geometry and surface
characteristics.

Tailor-made surface topographies on 
a cellular scale can help to control neu-
ron growth, and are thus a vital design
criterion in future implants designed 
to stimulate nerve regeneration.

In cooperation with Prof. D. Hoffman-
Kim, Brown University, Providence, RI,
USA.

Contact

Dr. E. Bremus-Köbberling, Tel.: -202
elke.bremus@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Microstructuring of PDMS for nerve regeneration

Above: DRG neuron bridges 
a V-shaped laser-generated channel
(110 µm wide, 60 µm deep). 
Below: DRG neurons form a 
channel-bridging network 
(neurofilament coloration).



Task

To conduct functional analyses of 
micro-fluidic systems, typically only a
small number of prototypes are re-
quired. These prototypes are produced
using conventional processes such as
hot stamping and microcasting which
require a longer period to produce the
mold and which result in relatively high
per-unit costs. Layout changes necessi-
tate modifying the equipment and
molds, making the testing of different
prototypes cumbersome and time-con-
suming.

Method

Under the framework of the collabo-
rative project »RapidFluid - Rapid Proto-
typing of Microfluidic Components«, 
a laser facility for the prototype pro-
duction of polymer-based microfluidic
components was designed and installed.
The setup includes an ArF excimer laser
for ablating the microchannel structures
and a diode laser for fusing a cover.

The control software defines the geo-
metry of the channel structures and
the alignment of the weld contours,
eliminating the time-consuming pro-
duction of special masks or equipment.

Results and Applications

The machine has two working posi-
tions. In the first step, the channel
structures are ablated with the ArF 
laser, after which the machine is 
moved to position two where the 
diode laser places a weld along the 
edge of the channels. By using the 
same clamp for both processes, repo-
sitioning of the workpiece between
steps is not required.

Components are typically made from
polycarbonate or polymethyl methacry-
late (PMMA), although other materials
or combinations of materials are possi-
ble. The production of the prototype
shown in the Fig. below takes approxi-
mately 30 minutes. Layout modifica-
tions using the control software are fast
and simple.

Ablating polycarbonate with a hard 
ultraviolet beam, for example, drastically
improves the wettability of the ablated
surface, making the laser-ablated
channels self-filling without additional
treatment. In many instances, this 
eliminates the need to surface-activate
the substrate. The Fig. above depicts 
a channel self-filling with water that
has been stained with red ink.

Contact

Dr. M. Wehner, Tel.: -202
martin.wehner@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Prototyping microfluidic components

Above: Polycarbonate 
self-filling channel, width 
and depth 200 µm.
Below: Polycarbonate 
microchannel system prototype. 
Dimensions: approx. 25 x 60 mm.



Task

Microhairs play a decisive role for 
numerous creatures in their interaction
with the natural environment. Spiders
have ‘wind hairs’ on their legs in
lengths of up to 500 µm with which
they can perceive the acoustic and 
fluidic environment. In fish the sideline
system fulfils a similar task.

On the basis of this model from nature,
a technical concept was derived for a
sensor to measure wall shear stresses in
which the deflection of synthetic micro-
hairs serves as the measurement variable
for analyzing a field of flow close to the
surface.

Method

The production of ultra-fine aspect 
ratios (A > 20) requires a force-free con-
figuration of the microhair structures.
The sensor surfaces are produced
using a lost mold technique in which
tiny holes with diameters of 20 µm to
100 µm are inserted in wax films using
an excimer laser. These holes are then
casted with polydimethylsiloxane
(PDMS) and hardened. After hardening
the wax film is dissolved, resulting in
force-free demolding of the flexible
and filigree structures.

Results and Applications

Microhairs in different geometries can
be produced using the process described.
The tiny drill holes have a diameter 
of 38 µm where the laser entered and
15 µm where it exited. With a mean
diameter of 26 µm, the aspect ratio for
a wax film thickness of approx. 570 µm
is greater than 20.

These filigree microhair structures can
be used for a wide range of sensor
concepts. Grids of microhairs with dia-
meters of approx. 50 µm and a height
of 500 µm are deployed in a wall shear
stress sensor developed in cooperation
with Freiberg University of Technology
and ACCESS. In this application, the
extent to which the microhairs bend 
in different load cases is optically re-
corded and evaluated. Using the mea-
sured data, calculations can be made
of the flow field and the forces arising.

In cooperation with Freiberg University
of Technology and ACCESS e.V.

Contact

Dipl.-Chem. P. Jacobs, Tel.: -135
philipp.jacobs@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Synthetic microhairs 
for use in wall shear stress sensors

Above: Array of microhairs 
with diameters of 90 µm.
Below: Array of microhairs with
diameters of 90 µm (enlarged). 

200 µm



Task

Transgenic plants have significantly su-
perior agronomic properties. Genetic
engineering has made it possible to
produce transgenic plants with proper-
ties such as a greater resistance to
plant pathogens or herbicides, an 
increased vitamin A and C content 
or later cropping maturity. However,
conventional transfection methods
hold certain disadvantages, depending
on the plant cell, and a low transfection
efficiency of typically less than 1%.
Transient opto-perforation by means 
of laser radiation promises to raise
transfection efficiency to 10 % and
open up a broad range of applications.

Method

The perforation of cells is performed in
a sterile environment by a picosecond
laser adapted to an inverse microscope
featuring transmitted light illumination
and fluorescence diagnosis. The cells
are accurately positioned, then perfora-
ted by a single laser pulse at a tangent
to the plasma lemma (Fig. above). Pe-
netration with a fluorescent dye shows
whether perforation has succeeded.
Cells in which no dye penetration is 
observed can now be rejected, so that
a high degree of efficiency can be ex-
pected for the expression of the target
gene from the remaining cells. These
investigations are being performed in
close cooperation with the Fraunhofer
IME as part of the BMBF collaborative
project on »photonic techniques in 
cellular nanosurgery«.

Results and Applications

The investigations focus primarily on
BY2 protoplasts, which no longer have
a cell wall to get in the way, and act as
a well-known model for defining the
engineering process. Remaining within
a narrow process window is crucial to
the success of the perforation. The la-
ser pulse must perforate only the outer
plasma lemma of the protoplast, whilst
the inner tonoplast must remain intact.

The transient transformation of indi-
vidual protoplasts was demonstrated
with the aid of a reporter gene (EYFP)
(Fig. below). Subsequent activities will
focus on characterizing the transgenic
cells and testing a semi-automated
workstation at which the position and
orientation of the cells will be deter-
mined using image analysis software.
Guidance of the laser for cell perfora-
tion takes place automatically. The 
success of a perforation is detected
through penetration with a dye and
the cells are sorted accordingly.

In cooperation with the Fraunhofer 
Institute for Molecular Biology and 
Applied Ecology IME.

Contact

Dipl.-Chem. P. Jacobs, Tel.: -135
philipp.jacobs@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de

Fraunhofer ILT Annual Report 2005     65

Marker-gene-free transfection of plant cells

Above: Positioning of BY2 
protoplasts in transmitted light.
Below: Successful transfor-
mation with expression of the
reporter gene. 



Task

The hot gas inside a combustion 
chamber reaches temperatures of up
to 1500 °C. So that the combustion
chamber walls can withstand the high
thermal loading, the structures have to
be effectively cooled. The open-pored
and high-temperature resistant metal-
lic foams developed by the German In-
stitute of Metallurgy (Institut für Eisen-
hüttenkunde) homogenize the escape
of the cooling medium by means of 
a large number of evenly distributed
pores. The large surface area leads to
efficient cooling of the combustion
chamber wall. A layer of thermal insu-
lation protects the foam from the hot
gas in the chamber. The heat insulation
layer has to be opened by means of 
laser drilling.

Method

Differently pulsed laser sources and 
various drilling techniques (pulse dura-
tions of 1 ms to 30 ns) are tested to
determine their suitability for drilling
metallic foams without coating. The
drill holes are metallurgically tested
and assessed in terms of recast and 
damage to the thin webs in the foam.
The results are verified on multi-layer
systems. The drill holes have a diame-
ter of 200 µm at a drilling density of
100 drill holes per cm2.

Results and Applications

The foam enclosed by the layer of
thermal insulation can be efficiently
opened by means of percussion drill-
ing. The processing time per drill hole
is less than one second. The holes are
reproducible in depth and on average
penetrate the same number of pores,
which are not closed by molten metal.
Depending on the requirements for
cooling the combustion chamber, the
multi-layer system can be provided
with a throughflow.

Contact

Dipl.-Ing. K. Walther, Tel.: -409
kurt.walther@ilt.fraunhofer.de
Dr. E. W. Kreutz, Tel.: -146
ernstwolfgang.kreutz@ilt.fraunhofer.de
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Percussion drilling of multi-layer systems

Multi-layer system consisting of a 
ceramic heat insulation layer (ZrO2),
bondcoat (MCrAlY), cover 
foil (18Cr9Ni) and metallic foam 
(AISI 316 LF).

Wärmedämmschicht

Bondcoat 
Deckfolie

Metallischer 
Schaum

500 µm



Task

Following on from preliminary work 
on diagnosis and simulation, a model
has been developed to represent the
fundamental relationship between 
the quality of the drill hole (geometric 
shape of the drill hole, expulsion of 
the molten metal and recast) and the
distribution in space and time of the
intensity of the laser beam (intensity
I0<108 Wcm-2, beam quality M2 < 2, 
pulse duration tp > 5 µs). Preliminary
experimental work on pulse shaping
provides indications that the quality 
of the drill hole depends on the shape
of the pulse over time. The task is 
to evaluate the model by comparison
with drill results from the customer
and to prepare the extension of the
model for application to ns pulses.

Method

The physical model was expanded step
by step to include the transport of mass,
impulse and energy in the condensated
and in the gaseous phase, as well as 
the movement of the phase boundaries
(solid-liquid, liquid-gaseous), the con-
dition of the material (condition and
material equations) and the kinetic events 
(stationary Boltzmann equation) at the
phase transitions (melting, vaporization).
In order to be able to provide a mana-
geable set of parameters, mathematical
models with reduced dimension in the
phase space are stated. The number 
of degrees of freedom is limited by app-
lying a statement for the temperature

and speed of the melt flow with an 
infinite number of time-dependent pa-
rameters. The quality of the asymptotic
statements is tested by the application
of spectral methods. By analyzing 
the reduced movement equations, 
the typical time-scales of the physical 
subprocesses are set and the numeric 
simulation thus prepared.

Results and Applications

The acceleration of the molten metal
at the base of the drill hole and its 
deceleration along the wall of the hole
are key characteristics of drilling. At
the base of the drill hole, the molten
metal is accelerated by the recoil 
pressure of the vaporizing material.
The stationary speed is reached after 
a relaxation time of typically 0.1 µs 
(intensity I0 = 108 Wcm-2, beam radius
20 µm, stainless steel). Downstream
the intensity of the laser radiation 
decreases. The vaporization changes 
to recondensation and melting to 
solidification. Recondensation, solidi-
fication and friction on the wall of the
drill hole decelerate the molten metal.
It flows in typically 100 µs from the 
base to the exit of the drill hole (2 mm
hole depth). The simulation shows the
increase in the molten metal thickness
up to closure of the drill hole (see Fig.).

Contact

Dipl.-Phys. U. Eppelt, Tel.: -163
urs.eppelt@ilt.fraunhofer.de 
Prof. Dr. W. Schulz, Tel.: -204
wolfgang.schulz@ilt.fraunhofer.de
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Simulation: Drilling with µs pulses

Simulation of drilling with µs
pulses. The calculation domain Ω,
its free and fixed boundaries Γ,
the melt front Γm and a seal 
forming at the entry of the drill
hole are shown.



Task

The formation of cracks and recast 
are significant quality characteristics 
in fusion drilling with µs and ns pulses.
The appointed task was to develop 
a system for simulating the underlying
phenomena.

At the Fraunhofer ILT, a model was 
developed which describes the vapori-
zation at the base of the drill hole, 
the flow of molten metal and vapor 
in the hole, and their solidification and
recondensation. The effects of the
melt’s inertia on the thickness of the
recast layer and the width of the drill
hole are investigated as a function of
the pulse duration.

Method

Proceeding from a simulation of solid
phase removal (by melting) during drill-
ing, the hydrodynamic function of the
melt flow is treated with integral and
spectral methods and together with
the vaporization factor is coupled to
removal of the solid phase.

Results and Applications

In addition to mass, heat is also trans-
ported from the base of the drill hole
to the wall of the hole with the melt
flow, and the drilling speed reduces.
For µs pulses, the width of the drill 
hole is increased as a result by up to
2.5 times the beam diameter.

For ns pulses, the inertia of the melt 
is dominant and the molten metal 
produced remains in the vicinity of 
the drill hole base. To achieve the maxi-
mum flow speed of the molten metal
(typical value: 60 m/s for an intensity
of 108 W cm-2 and a beam radius of 
20 µm), pulse durations of a few µs
are needed.

The detailed analysis of the flow of
molten metal and its solidification 
(recast) shows that in addition to the
duration of the pulse the depth of the
drill hole and the spatial distribution 
of the laser radiation have to be 
controlled. For intensities greater than
108 W cm-2, the recondensation of 
vapor on the wall of the drill hole also
needs to be taken into account.

Contact

Dipl.-Phys. U. Eppelt, Tel.: -163
urs.eppelt@ilt.fraunhofer.de
Prof. Dr. W. Schulz, Tel.: -204
wolfgang.schulz@ilt.fraunhofer.de
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Drilling simulation: Recast for µs and ns pulses 

Above: µs pulses, maximum 
expulsion (µs model). The 
maximum possible speed of 
the molten metal is achieved 
by drilling with µs pulses.
Below: ns pulses, inertia-limited
expulsion (ns model). When dril-
ling with ns pulses, the molten
metal remains at the base of the
drill hole.



Task

The aim in percussion drilling is to 
melt as great a volume as possible
(productivity) and to expel as great a
volume as possible (quality) with each
pulse of laser radiation. Incomplete ex-
pulsion of the molten metal in single-
pulse drilling and solidification of the
melt in several layers on the drill-hole
wall (recast) in percussion drilling re-
strict the productivity and quality of
the drilling process.

The task is to formulate a dynamic 
model which can represent the per-
formance factors for melting and 
vaporization as well as the expelling
forces due to vaporization at the base
of the drill hole, including for modu-
lated laser output. Preparation of the
model is led by experimental tests.

Method

On the basis of preliminary work for
diagnosis and simulation of the laser
production techniques of cutting, tre-
panning and welding, a model is deve-
loped step by step which describes the
dynamic events in the drilling of metal-
lic materials with pulsed and modula-
ted laser radiation (intensity I0<109

Wcm-2, beam quality M2 < 2, pulse 
duration tp > 0.1 µs). The model is 
expanded to include the flow of the
molten metal and the dynamic events
in the gas phase, such as vaporization,
flow and recondensation of the vapor
within the drilling channel. The mass
flow (model by Aoki and Sone) of va-
porizing molten metal and the flow of
the vapor (Euler equations) are numeri-
cally calculated.

Results and Applications

The thickness of the melt film along
the drill hole, the proportion of solidi-
fied melt and the expulsion of molten
metal from the entry to the drill hole
are calculated as a function of global
parameters of the laser radiation at the
base of the drill hole. As a result of dif-
fering timescales for the events within
the hole (commencement of vaporiza-
tion, acceleration at the base of the
hole, flow of the molten metal along
the drill hole wall etc.) and with almost
complete expulsion of the melt, the
width 2 rB(z) of the drill hole and the
attainable drilling depth, for example,
depend on the distribution over time
and space of the intensity at the base
of the drill hole.

Low values for the intensity at the end
of the laser pulse produce a sharply 
tapered drill hole (Fig. above) and are 
a reason for incomplete expulsion of 
the melt. By pulse shaping over time
(e.g. Pockels cell) a cylindrical drill hole
is produced and the molten metal is 
almost completely expelled (Fig. below).

Contact

Dipl.-Phys. U. Eppelt, Tel.: -163
urs.eppelt@ilt.fraunhofer.de 
Prof. Dr. W. Schulz, Tel.: -204
wolfgang.schulz@ilt.fraunhofer.de
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Simulation: High-speed drilling

Above: Recast as a result 
of incomplete expulsion of 
the molten metal and a sharply
tapered drill hole.
Below: Almost complete 
expulsion of the molten metal
and a cylindrical drill hole.

0,1 mm

0,1 mm



Task

With high-brilliance fiber lasers it is
now possible to achieve the same or
even better focusability than with 
CO2 lasers, even in the multi-kilowatt
range. The limits to the potential appli-
cations of solid-state lasers will there-
fore be widened to greater thicknesses
of sheet metal, including when used
for fusion cutting. The task here is 
to examine which cutting results are
possible with 5 kW laser output in the
fusion cutting of stainless steel.

Method

For the tests, a 5-kW fiber laser 
with a beam parameter product of 
4.5 mm*mrad was available. This value
corresponds to the beam quality of 
the CO2 lasers typically used today 
for cutting in the multi-kilowatt range.
A lens system with a focal length 
of 300 mm was used for focusing. 
The focus diameter thus amounts to
about 260 µm at a Rayleigh length 
of 4.0 mm. Applying a laser output 
of 5 kW to the workpiece, sheets of 
metal (1.4301) in thicknesses of 4 to
10 mm and in initial tests sheets 
with a thickness of 15 mm were cut. 
The tests were performed using the 
ILT combi-head with an autonomous
nozzle.

Results and Applications

The maximum cutting speeds deter-
mined with the focus in optimum 
position match the values achieved 
by CO2 lasers on a material thickness
of 15 mm and exceed them by up 
to 60% on thinner sheets of metal 
in thicknesses up to 4 mm. Given the
comparable beam quality and focus-
ing, the main reason for the observed
increase in speed is to be found in the
shorter wavelength of the fiber laser
(1.07 µm versus 10.6 µm for the CO2

laser) and the resultant specific absorp-
tion conditions in the cut gap. Calcula-
tions made using the CALCut simulation
program confirm the experimental 
result and assist in the quantitative
physical analysis of the process. While
the speed of CO2 laser cuts was excee-
ded, the excellent quality of the cut
surface as obtained in very good CO2

laser cuts was not achieved with the 
fiber laser, in particular on the thicker
sheets. Work is being conducted to
optimize the cut quality on the basis 
of detailed physical process analyses.
Since the beginning of 2006, a fiber 
laser with an output of 4 kW and a 
beam quality of ≤ 2.5 mm mrad is 
available at the Fraunhofer ILT. This 
beam quality even exceeds that of 
fundamental-mode CO2 lasers.

Contact

Dr. F. Schneider, Tel.: 426
frank.schneider@ilt.fraunhofer.de
Dr. D. Petring, Tel.: -210
dirk.petring@ilt.fraunhofer.de
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Fusion cutting with a 5-kW fiber laser

Above: Cutting speeds in stainless
steel with 5-kW lasers.
Below: Cutting with a fiber laser
and combi-head. 



Task

An outstanding feature of multifunc-
tional processing using the combihead
is the ability to switch quickly, i.e. in
fractions of a second, and as often as
required, between laser cutting and 
laser welding. This feature was de-
monstrated on an example component
of patchwork design.

Method

The patchwork part was produced
using a ROFIN DY044 diode-pumped
Nd:YAG laser from two clamped-to-
gether 1-mm-thick sheets of structural
steel (1). Firstly, the fillet seam was
welded on the lap joint (2). Next the
rapid switchover was made from laser
welding to cutting by adjusting the
working distance and activating the
solenoid valves which supply the com-
bi-head with the necessary gas and 
gas pressure for the respective process.
During welding a low-volume flow of
gas (10 l/min) was produced with the
autonomous nozzle to stabilize the
process and during cutting a high-
pressure jet of nitrogen was produced
to drive the molten metal out of the
kerf. The next step involved a combined
trimming/profiling cut (3) to produce 
a flange with two mounting lugs. The
square weld then produced on the lap
joint (4) was trimmed with a parallel
offset (5), with the patchwork part
being cut off at the same time as a 
result. If required, individual mounting
holes can be cut in the lugs or in the
overlapping area of metal in an up-
stream workstep.

Results and Applications

The paths of the trimming cuts run
precisely along the edge of the pre-
viously prepared fillet weld and square
weld, i.e. just inside the weld structure.
The relative shift in the paths to each
other can be maintained extremely
precisely without seam tracking as the
combi-head uses only one common
tool center point for both processes.

By trimming the fillet weld in sections
and completely trimming the square
weld, tightly welded, gapless compo-
nent edges are produced where no
crevice corrosion can occur despite the
metal overlap.

Contact

Dr. F. Schneider, Tel.: -426
frank.schneider@ilt.fraunhofer.de
Dipl.-Ing. C. Benter, Tel.: -219
christian.benter@ilt.fraunhofer.de
Dr. D. Petring, Tel.: -210
dirk.petring@ilt.fraunhofer.de
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Example application of multifunctional processing:
Patchwork components

Above: Patchwork component.
Below: Production steps in the
multifunctional processing of 
a patchwork component: 
1. Stacking and clamping of the
sheets, 2. Welding: Fillet weld 
on the lap joint, 3. Trimming 
and profiling cut on the flange,
4. Welding: Square weld on the
lap joint, 5. Trimming of the
square weld on the lap joint.

1

2

3

4 5



Task

The machining of flange edges on
sheet-metal assemblies is a frequently
recurring task, especially in the pro-
duction of vehicle components. The
possibility of performing cutting and
welding operations in any rapidly
changing sequence with the combi-
head opens up new economically 
viable and advantageous production
potential.

Method

As an alternative to the square weld or
fillet weld on a lap joint usually used on
flange edges, a type YLR-5000-S fiber
laser made by IPG Photonics was used
to produce a »trimmed face flat weld«.
The highly brilliant beam source delivers
an output power of 5 kW with a beam
parameter product of 4.5 mm mrad.
The laser radiation was focused using 
a 300-mm optical system.

As shown in the figure above, two 
1.5 mm-thick steel sheets were clam-
ped together in overlapping position (1)
and prepared along the edges by means
of a laser cut (2). Next the face flat
weld (3) was produced, with the laser
spot being guided along the joint line
between the two sheets of metal. The
flange edge was then trimmed to final
size by means of oxide-free fusion 
cutting (4) and the upper bead from
welding was cut off.

Results and Applications

Owing to the large load-bearing cross-
section in the longitudinal direction of
the weld (2.5 mm in the figure below),
the weld connection produced by this
method can be very narrow compared
with the usual square weld while meet-
ing the same or even higher require-
ments in respect of strength. Because
less heat is introduced, the narrow
weld causes minimal edge distortion.
The final edge trimming produces a
high accuracy of fit. What’s more, the
trimmed face flat weld is »invisible«
and joins up exactly with the flange
edge, excluding gap formation and
thus any crevice corrosion. Process 
accessibility for welding is excellent as
the support points for the clamping
device on the upper and lower sides 
of the metal sheets can be as close as
desired to the edge without impeding
the laser radiation attacking on the 
face side or the tip of the tool. This 
arrangement permits reduced flange
widths, which can be useful, for ex-
ample, to reduce weight or to produce
large cutouts e.g. for automobile
windows.

Contact

Dipl.-Ing. C. Benter, Tel.: -219
christian.benter@ilt.fraunhofer.de
Dr. F. Schneider, Tel.: -426
frank.schneider@ilt.fraunhofer.de
Dr. D. Petring, Tel.: -210
dirk.petring@ilt.fraunhofer.de
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Combi-head produces high-strength precisely 
contoured flange connection

1. Clamping of 
the flange.

2. Preparation of 
the face flat weld 
by laser cutting.

3. Laser welding of
the face flat weld.

4. Trimming of 
the face flat weld 
by laser cutting.



Task

Combined laser beam cutting and 
welding using just one tool, the combi-
head, yields economic advantages in
particular for the series production of
complex assemblies with high require-
ments in respect of accuracy. Multi-
functional processing permits repeated
and rapid switchover from cutting to
welding and vice versa. As a result,
precise functional cuts, for example,
can be cost-efficiently made after fi-
nish welding in a clamping device. The
objective was to test the multifunctio-
nal processing of a frame component
for a utility vehicle according to custo-
mer specifications. 

Method

The assembly consists of unalloyed
steel sheets in thicknesses of 2 mm
and 3 mm. As laser sources a diode-
pumped rod laser with a focal length
of 200 mm and a fiber laser with a 
focal length of 300 mm were tested 
– in each case with a maximum set
output of 3 kW.

In several individual work-steps, a 
folded functional sheet (3 mm) was
welded on the angled corner joint (1 a)
by means of a single-bevel groove
weld and a fillet seam was welded 
on the lap joint (1 b). A further con-
nection sheet (2 mm) was welded onto
the vehicle frame profile (2 mm) with 
a square edge on the lap joint (2). 
Without changing the tool head and 
in direct sequence, a drill hole cut was
then made in the overlapping sheet
metal parts (2) and a functional cut
was made along the protruding edge
of the connection sheet. In addition,
with the laser output reduced to 
2.3 kW, a nut with a round fillet (3)
was welded onto a drill hole in profile

in order to provide a mounting thread
at this point. On the inside of the 
profile, a frame edge was then finally
trimmed to the specified measurement
(4).

Results and Applications

The quality of the welds and cuts 
made both with the rod laser as well
as with the fiber laser meets the re-
quirements of the customer. The 
potential of the combi-head in respect
of process capability, process reliability
and processing quality was demons-
trated. The potential for saving time
and cost in the production of such
components was proved.

The tests were conducted in coopera-
tion with the company Severt GmbH,
Vreden.

Contact

Dipl.-Ing. C. Benter, Tel.: -219
christian.benter@ilt.fraunhofer.de
Dr. F. Schneider, Tel.: -426
frank.schneider@ilt.fraunhofer.de
Dr. D. Petring, Tel.: -210
dirk.petring@ilt.fraunhofer.de
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Laser cutting and welding of a 
utility vehicle component without retooling

Above: Seam cross-sections 
of the welds on the frame com-
ponent. 
Below: Vehicle frame compo-
nent produced by multifunctional
processing.

1a
2

1b

3

4
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2

1b
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Task

In shipbuilding, CO2 laser MAG hybrid
welding is now being used on metal
plates with wall thicknesses of up to
15 mm, and the next step is to make
the technique suitable for handling
even greater wall thicknesses. The aim
of HYBLAS, a European project backed
by the RFCS, is to develop process 
procedures for welding structural and
fine-grained structural steels with yield
strengths of 355 - 690 MPa and wall
thicknesses of up to 30 mm. 

Method

A Trumpf laser with the designation
TLF 20000 turbo, featuring a maxi-
mum output of 21 kW on the work-
piece, and a TPS 450 programmable
welding power source from Fronius
company, were used for the tests. By
optimizing the weld shapes, the heat
inputs per unit length of weld and the
process controls, quality of the hybrid
welds was improved towards avoiding
hot cracks, pores and undercuts. 

Results and Applications

In the project, welds without any hot
cracks were successfully produced up
to a material thickness of 20 mm. Vir-
tually pore-free seams were achieved,
having a very gentle transition to the
base material, once parameters were
optimized. The weld qualities meet the
requirements of the highest assessment
group B in EN ISO 13919-1. The hybrid-
welded sheets of metal were subjected
to fatigue tests. For the sheets in thick-
nesses of between 15 and 20 mm the
results of the four point bending tests
showed excellent values above a notch
type of 160. Welding speeds were 
1.2 m/min for the 15 mm sheets and
0.8 m/min for the 20 mm sheets.

25 mm sheets were joined with an 
externally perfect result, but the hot
cracking problem could not be solved.
Additional measures are currently being
tested.

This work is being conducted under the
EU project »Economical and safe laser
hybrid welding of structural steel - 
HYBLAS«, which is financed by the 
Research Fund for Coal and Steel.

Contact

Dipl.-Ing. C. Fuhrmann, Tel.: -221
christian.fuhrmann@ilt.fraunhofer.de
Dr. D. Petring, Tel.: -210
dirk.petring@ilt.fraunhofer.de
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CO2 laser MAG hybrid welding 
using high laser power 

20 mm CO2 laser MAG hybrid weld,
vS = 0,8 m/min, PL = 16,1 kW, position
PC. top: weld surface; bottom: cross
section. 

15 mm CO2 laser MAG hybrid weld,
vS = 1,2 m/min, PL = 12,5 kW, 
position PC. top: weld surface; 
bottom: cross section.



Task

Under the framework of a project with
Georg Martin GmbH, steel (QSt 420)
paper clamps are to be coated with a
functional surface by applying a tung-
sten carbide metal powder using laser
cladding. The clamps are used in the
paper manufacturing and processing
industries to transport paper rolls.

The conventional method of coating
the clamps is thermal powder spraying.
In contrast to this method, laser cladd-
ing offers less heat input and makes
more efficient use of the powder. This
yields savings related not only to the
purchase of the powder, but also the
costly disposal of the residual powder
which is categorized as a hazardous
substance. 

The coated functional surface must 
be abrasion and ablation resistant. The
maximum allowed thickness is 200 µm.
The surface of the laser deposited
coating should be rough, guarantee-
ing the required amount of friction
between the clamp and the paper. At
the same time, the surface should not
exhibit a high level of asperity since
this can cause damage to the paper.
Component warping or distortion 
resulting from heat input during the la-
ser cladding process must be avoided.

Method

The coatings are applied with continu-
ous and pulsed Nd:YAG laser radiation.
The powder material (tungsten carbide
in a nickel matrix) is fed through a coa-
xial nozzle. Various coating thicknesses
and asperity levels are produced by 
adjusting process parameters such as
laser power, feed rate, powder flow,
pulse duration and pulse repetition rate.

Results and Applications

An optimal selection of the process 
parameters results in coatings without
defects, such as adhesive flaws, pores
and cracks (Fig. below, coating thick-
ness approx. 50 µm).

The coatings applied with the laser
cladding process developed by Fraun-
hofer ILT were evaluated and compared
to coatings produced by the conven-
tional thermal spraying method. 
The laser cladded coatings meet the
requirements for abrasion resistance,
thickness and component warping.
The required asperity level was achieved
by utilizing pulsed laser beams (Fig.
above). The functionality of the surface
has been demonstrated.  

A commercial evaluation of the process,
in a comparison with the thermal
spraying method, is currently underway.

Contact

Dipl.-Ing. (FH) P. Albus, Tel.: -479
patrick.albus@ilt.fraunhofer.de
Dr. K. Wissenbach, Tel.: -147
konrad.wissenbach@ilt.fraunhofer.de
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Functional surface coatings for paper clamps

Above: Detailed image of a 
paper clamp with a laser cladded
coating consisting of tungsten
carbide metal powder. 
Below: Micrograph of a laser
cladded coating consisting of
tungsten carbide metal powder.

4 mm

100 µm



Task

Blisks (blade integrated disks) are 
compressor impellers with integrated
blading for jet engines. Compared 
with conventionally bladed compressor 
impellers, blisks offer the advantage of
reduced weight, which can be as much
as 30% lower, depending on design.
Disadvantages become clear in the
event of damage: If a blade is defective
the entire blisk has to be replaced. 
At present no reliable process exists for
repairing blisks. Laser-beam deposition
welding offers a possible solution. Tests
are being conducted on the repair of 
inlet and outlet edges as well as blade
tips by means of laser-beam deposition
welding. A further aim is to regenerate
blisk blades over a greater height using
laser-beam deposition welding.

Method

The damaged areas of a blade are 
milled. The aim is to create a level sur-
face and in the case of several defective
blades to reduce the number of NC
programs needed for the repair to a
minimum. In the case referred to here,
the blisk blades are milled in such a
way that 40 %, 60 % or 80 % of the
original blade height of approx. 50 mm
is retained (Fig. middle). After service 
in a jet engine, blade geometries no
longer correspond to the geometry 
data specified in the CAD data record
and so the blisk blade has to be digitized
by tactile means in order to determine  

the actual geometry (Fig. above). The
NC programs for the repair are produced
by CAD-CAM coupling. The repair 
of the blisk blades is carried out layer
by layer using laser-beam deposition
welding with identical-type filler metal
in powder form. Up to 60 % of the
blade height is regenerated.

The thickness of the blisk blades varies
between 0.4 mm and 2.2 mm. The 
laser power is adjusted to the local
thickness of the blisk blade.

Results and Applications

In each case nine blisk blades with 
a residual height of 40 % and 60 %,
as well as eight blisk blades with a resi-
dual height of 80 % are regenerated
by means of laser-beam deposition
welding (Fig. below). The laser-beam
deposition-welded areas are oxide-
free. The oversize of the regenerated
blades is 0.2 mm - 0.5 mm per side.
The processing result is reproducible.
The blisk is currently undergoing HCF
tests to determine the suitability of 
laser-beam deposition welding as a 
repair technique for blisks.

The project was funded by the EU 
under number G4RD-CT2000-00404
(AWFORS) and supported in particular
by Rolls-Royce Germany.

Contact

Dipl.-Ing. S. Keutgen, Tel.: -410
stefanie.keutgen@ilt.fraunhofer.de
Dipl.-Ing. B. Burbaum, Tel.: -410
bernd.burbaum@ilt.fraunhofer.de
Dr. E. W. Kreutz, Tel.: -146
ernstwolfgang.kreutz@ilt.fraunhofer.de
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Repair of blisks made of Ti 6246

Above: Tactile digitization of the
actual geometry.
Middle: Blisk with milled blades,
residual heights: 40 %, 60 % 
and 80 %.
Below: Blisk with regenerated 
blades, residual heights: 40 %, 
60 % and 80 %.

40 %
60 %

80 %

40 %

60 %
80 %



Task

Fittings for water circuits in nuclear
power plants are exposed to high tem-
peratures (up to 350 °C) and pressures
(up to 300 bar). The materials used 
have to meet the highest demands 
on wear and corrosion resistance. It 
is therefore often necessary to make
use of coatings to ensure that these
demands are met. Coatings, for in-
stance, have to be applied to valve ele-
ments in pipe fracture isolation valves.
An iron-based duplex alloy whose micro-
structure consists of delta-ferrite and
austenite is used as the coating mate-
rial. Wear resistance is significantly 
determined by the ferrite, whose pro-
portion in the microstructure is in turn
influenced by the rate of cooling dur-
ing the coating process. The Institute
was appointed by Sempell AG to in-
crease the proportion of delta-ferrite
produced by laser beam direct metal
deposition (DMD) and thus improve
the wear properties and to render the
process suitable for industrial use.

Method

Laser beam direct metal deposition is
conducted using a fiber-coupled 2-kW
diode laser. Firstly, a parameter win-
dow is determined, with which defect-
free coatings can be produced to a
thickness of at least 1.2 mm in one 
layer. Next, coated valve elements are
tested on a test rig. In the next step
the DMD process involved acceptance
by the TÜV Technical Inspectorate, and
finally, DMD on a series of elements
for use in a power plant.

Results and Applications

The parameter study shows that the
required proportion of delta-ferrite,
equivalent to around 50 % by vol., can
be repeatedly reproduced in the micro-
structure (Fig. above). This is achieved
by applying a higher rate of cooling 
as compared with techniques already
introduced, such as plasma powder
deposition welding, thereby producing
an increased proportion of ferrite on
solidification. The CNC programs for
coating the surfaces (Fig. below) are
produced directly from the CAD data.
Time-consuming path teaching is there-
fore no longer required and various
processing strategies can be quickly
and flexibly tested. After successful
testing of the coatings on the test rig
at Sempell AG and acceptance of the
process by the TÜV Technical Inspec-
torate 16 elements were coated for
operational use and are currently being
installed in the plant fittings.

Contact

Dr. A. Weisheit, Tel.: -403
andreas.weisheit@ilt.fraunhofer.de
Dr. K. Wissenbach, Tel.: -147
konrad.wissenbach@ilt.fraunhofer.de
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Wear protection of valve elements 
in power plant fittings

Above: Microstructure of 
the duplex alloy after laser 
beam DMD (blue: delta-ferrite).
Below: Coated wedge plate of
a pipe fracture isolation valve.

50 µm

150 mm



Task

High and ultra high steels (e.g. MS and
DP steels) are increasingly being used
by the automobile industry to reduce
vehicle weight and to improve crash
performance. The formability of these
steels is, however, restricted. In coope-
ration with the Fraunhofer Institute 
for Machine Tools and Forming Tech-
nology (IWU) investigations are being
conducted on local heat treatment
with laser radiation to soften the steel
and increase its formability. 

Method

Suitable process parameters are de-
veloped for laser-beam treatment on
sheets of the above-mentioned mate-
rials. Microstructure and hardness are
the initial assessment criteria. Mechani-
cal properties are determined in tensile
tests at the Fraunhofer IWU. The results
form the basis for the treatment of
sheet bars for forming tests.

Results and Applications

On the materials MS-W 1200, DP 600
and DP 1000, annealing effects and
phase transformations are attained
through treatment with laser radiation,
depending on treatment temperature. 
On MS-W 1200 and DP 1000 a re-
duction in hardness is also measured.

In tensile tests a distinct reduction in
yield strength and an increase in uni-
form elongation are found (Fig. above).
When deep drawing a »hat profile«
made of a heat-treated sheet bar of
MS-W 1200, the increased ductility
leads to an approx. 20 % reduction in
required forming force compared with
the forming of an untreated sheet bar.

Initial success is evident in the forming
of »B pillars« made of galvanized DP
600. The local heat treatment of critical
areas leads to an increase in deforma-
bility and thus to a reduction of cracking
at a constant forming force (Fig. below).

Contact

Dipl.-Phys. G. Vitr, Tel.: -213
gilbert.vitr@ilt.fraunhofer.de
Dr. K. Wissenbach, Tel.: -147
konrad.wissenbach@ilt.fraunhofer.de
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Improved forming properties of high-strength steels
through local heat treatment with laser radiation

Above: Stress strain curves 
of MS-W 1200 before and after 
laser-beam treatment. 
Below: Untreated (left: cracks) and
laser-beam-treated B pillar (right:
crack-free) made of DP 600 after
forming. 



Task

Inscription lasers, apart from their use
in labeling components, parts and
equipment, are also used in the field of
design. Inscription occurs by focusing
the laser beam on the component. In
the process, the following types of ma-
terials processing are utilized:
• Coating ablation / engraving
• Producing tarnishing films
• Color change
• Bleaching / foaming

Through selective laser beam polishing,
the smoothing effect of the remelting
process will be exploited in order to
produce images and patterns on steel
surfaces (1.12343). 

Method

The image to be generated on the sur-
face of the steel must be a grayscale
graphic. The grayscales will be alloca-
ted based on a visual comparison of
the smoothness grade. The different
grades of smoothness can be created
by adjusting process parameters such
as laser power and scanning speed. A
control program, generated out of the
image file, »transforms« the grayscales
in the graphic into process parameters.
The result is that each position is as-
signed a laser power parameter, as an
example, that relates to the grayscales
in the image. This generates an image
with various grades of smoothness. In
order to polish an image that has been
created on a surface in this fashion, 
the surface must have a original matt
finish. Sparkeroded surfaces are well-
suited in this case.

Results and Applications

The selective laser polishing of an 
original matt surface makes it possible
to produce design structures with 
different grades of smoothness. The
grade of smoothness is stageless be-
cause process parameters such as laser
power and scanning speed are con-
tinuously adjustable. The capability 
of the process was demonstrated in 
several examples. The picture above
shows the spark-eroded surface of
a tool consisting of two grayscales. 
In this image, the size of the structure 
is 250 µm. The picture below is an
example of a polished surface with 
several grades of smoothness.

In particular, the process demonstrated
the potential to produce passport-size
photos in high resolution. Using this
process, patterns were transferred 
directly onto injection molds. These
structured injection molds enable 
the manufacture of plastic parts with 
extremely high resolution. 

Contact

Dipl.-Ing. T. Kiedrowski, Tel.: -282
thomas.kiedrowski@ilt.fraunhofer.de
Dr. K. Wissenbach, Tel.: -147
konrad.wissenbach@ilt.fraunhofer.de
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Producing design structures through the 
selective laser polishing of metals

Above: Example of a polished
surface with two grades of
smoothness.
Below: Example of a polished
surface with several discrete
grades of smoothness. 



Task

Laser polishing (LP) is a new, two-stage
production process for highly polished
metallic surfaces. A thin layer (< 100 µm)
of the surface being polished is melted
and becomes smooth as a result of 
surface tension.

To deepen the understanding of the 
process, and to adapt process parame-
ters, a 3D Finite Elements program is 
to be developed for a self-consistent 
solution to the free boundary value 
problem in surface melting with laser
radiation.

Method

A solution to the free boundary value
problem comprises the self-consistent
reciprocally coupled calculation of tem-
perature distribution and Marangoni
flow, and the dynamic of the free 
phase transformation interface and the
melt surface, which is important for
surface topography formation. For this
purpose, an existing self-consistent
model for surface melting of a flat 
surface was expanded. The pressure
balance equation, a balance equation
for the melt volume and the coupling
between deformation of the melt 
surface and the kinematics of the
three-phase line along the solidification
front, were included in the existing
model.

Results and Applications

The comparison with experimental 
results shows a good agreement 
between the geometry of the molten
area in the micrograph and the view
from above (Fig. below). The uparching
of the melt surface (Fig. above), as a
consequence of the volume leap and
thermal expansion, increases the angle
of inclination of the solidification front
along the three-phase line, and thus
initiates growth of the solidification
front. This leads to a topography
which deviates from the flat surface.
Disruptions in the rate of melting or 
in the rate of solidification, owing to
fluctuations in the solidification front,
lead to a variation of the melt volume.
Such an increase in the melt volume 
is reduced by ripple formation (Fig.
middle). The system essentially reacts
to a disruption of the melt volume
with a suppressed oscillation back
coupling of the three-phase line. Once
the back coupling of melt deformation
has been included to the temperature
field, the aim is to use the model to 
investigate process stability and the 
influence of a milled structure on the
melt volume, and thus on the struc-
turing of the surface topography as 
a function of the process parameters.

Contact

Dr. N. Pirch, Tel.: -403
norbert.pirch@ilt.fraunhofer.de
Dr. K. Wissenbach, Tel.: -147
konrad.wissenbach@ilt.fraunhofer.de
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Process simulation for laser polishing

Above: Deformation of the 
melt surface.
Middle: Resulting surface 
topography after fluctuation 
of the melt volume.
Below: Comparison of the 
experimentally determined and
the calculated melt geometry.

200 mm

Schuppe

Schmelze
Dreiphasenlinie entlang
der Erstarrungsfront

50 µm



Task

Applying the generative production
technique of Direct Laser Forming
(DLF), it is possible to make mold inserts
with conformal cooling channels for
injection molding tools. Cycle time in
injection molding is accordingly reduced,
while the injection molded parts them-
selves are of higher quality. DLF inserts
made of the material 1.2343 are already
being used for series-produced tools in
industrial practice. 

The material 1.2083 is frequently used
in tool and mold manufacture because
it exhibits higher corrosion resistance
and better polishing characteristics
than the material 1.2343. For this 
reason, work is being conducted at 
the Fraunhofer ILT to make the DLF
technique suitable for processing the
material 1.2083. The work is being
performed on a Trumaform LF250.

Method

If DLF mold inserts are to be used in
series-produced tools, it is necessary 
to achieve a component density of 
approx. 100 %. The process parame-
ters with which the required density
can be achieved are determined with
the aid of test specimens. Temperature
has to be suitably controlled during
processing to avoid crack formation.
The resulting microstructure is analyzed
in order to determine what subsequent
heat treatment is required. Mechanical
properties of the DLF components are
determined and assessed in respect 
of requirements placed on their use 
in series-produced tools. With a view
to later application of the mold insert
production process to conventionally
produced preforms, the test specimens 

are built up on substrate plates made
of hardened 1.2083. The connection
zone is checked for defects (e.g.
cracks). The results are transferred to
the production of mold inserts with
conformal cooling channels.

Results and Applications

By adapting the process parameters
and suitable process layout, compo-
nents with a density of approx. 100 %
(99.5 %) can be produced from the
material 1.2083 without any cracks,
both completely as well as on hardened
preforms. The Fig. below shows the
micrograph of a sample of 1.2083 in
etched condition. The connection zone
to the substrate plate is free of defects.
The hardness of the DLF component 
is 54 HRC, the tensile strength Rm is 
1 200 MPa. This means that the values
for the mechanical properties are with-
in the required material specifications.
On the basis of these results various
mold inserts of 1.2083 were produced
using the DLF process, both completely
as well as on preforms. 

The Fig. above shows an example of 
a mold insert with a near-net-shape
cooling channel. The DLF mold inserts
are currently being introduced in 
industrial production and their perfor-
mance assessed.

Contact

Dipl.-Ing. S. Jansen, Tel.: -361
stefan.jansen@ilt.fraunhofer.de
Dr. K. Wissenbach, Tel.: -147
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Using Direct Laser Forming to produce mold inserts for injection
molding tools made of the material 1.2083 

Above: Demonstration part 
made of 1.2083. 
Below: Micrograph of a DLF
sample made of 1.2083.
Bottom (dark): substrate plate,
middle (light): connection zone,
top (dark): DLF component. 

0,2 mm



Task

The use of bone substitute implants to
replace joints or to heal bone defects
following cancer or severe trauma is
steadily increasing. There is often a
need for follow-up operations because
the implants eventually become loose.
This is normally due to bone degenera-
tion as a result of the difference in 
rigidity at the transition between the
bone and the implant. The proposed
solution is to adjust the deformation
behavior of the implant to that of the
bone, and to achieve durable bone-
implant integration through ingrowth
of the bone. This approach can be im-
plemented by computing the design of
a structure with adjusted mechanical
properties, then building that structure
from titanium materials using the se-
lective laser melting (SLM) technique.

Method

A project mounted in cooperation 
with the Fraunhofer IFAM in Bremen 
is using FEM calculation methods to
create and optimize a structural module
based on the known technological and
mechanical characteristics of cortical
(i.e. dense) bone (EK ≈ 10 GPa) and 
pure titanium (TiGrII) as a bone substi-
tute material. It is assumed that the
primary type of stress to which the
structure is subjected will be one-di-
mensional compressive stress. The ge-
nerated structure is additionally being
optimized for greater strength under
torsional loads so that it can be used 
in cases where vertebral fusion is indi-
cated (following surgical removal of 
an intervertebral disk).

At the same time, scientists at the
Fraunhofer ILT are developing the 
engineering processes required in 
order to manufacture the calculated
structure by the SLM technique. A 
key aspect of their work is to reduce
the size of the smallest structure that
can be produced from 5 mm to 2 mm
by minimizing warping and avoiding
pores and ligation defects.

Results and Applications

The Fig. above shows a model of a 
calculated optimized structure. The
structure’s E-module is in the cortical
bone area. The engineering process is
able to reduce the smallest possible size
of a manufactured unit cell to 2 mm
by means of adapted process parame-
ters and the use of a new laser source.
The Fig. below shows a cube made up
of 4 x 4 x 4 unit cells. The structures
created are currently undergoing me-
chanical testing. In the medium term,
it is hoped to use them in skeletal areas
that are subject to high mechanical
stress, such as the spinal column.

Contact

Dipl.-Ing. Tobias Wirtz, Tel.: -360
tobias.wirtz@ilt.fraunhofer.de
Dr. K. Wissenbach, Tel.: -147
konrad.wissenbach@ilt.fraunhofer.de
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Stress-optimized bone graft substitutes from titanium 
materials by selective laser melting

Above: CAD-model. 
Below: SLM- titanium 
component. 



Laser Plant and System Technology



This business area focuses on the 
development of prototype equipment
for laser and plasma-technology appli-
cations, as well as on laser systems 
engineering, particularly in the fields 
of automation and quality assurance.
Areas of application embrace welding,
cutting, hardening, repair coating, 
drilling and micro-joining. The system
technology offered provides complete
solutions for process monitoring, com-
ponents and control systems for preci-
sion machining, laser-specific CAD/CAM
technology modules, as well as soft-
ware for measurement, open- and 
closed-loop control and testing. For 
its work in process monitoring in parti-
cular the business area can draw on
extensive and, where required, patent-
protected know-how. In this sector 
numerous systems have already been
licensed for companies. Target markets
include laser equipment and compo-
nent manufacture as well as all sectors
of production industry which deploy
lasers in their manufacturing activity 
or intend to do so.
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Business Area
Laser Plant and System Technology

The combi-head:
Laser cutting and welding 
without retooling.
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Note from Institute Director
We would like to point out that the publication
of the following industry projects has been
coordinated with our customers. In principle,
industry projects are subject to the strictest
obligation to maintain secrecy. We would like
to take this time to thank our industrial partners
for their willingness to have their reports listed
published.
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Task

In view of the trend toward miniaturiza-
tion and the rapid pace of microsystems
development, innovative concepts 
and methods are needed for micro-
assembly. For this task a new assembly 
system, which combines positioning 
and joining as a pick-and-join system,
provides higher flexibility and shorter
processing times. 

The system under development must
be capable of gripping the micro-engi-
neered parts to be joined, positioning
them precisely in relation to one ano-
ther, and applying the laser energy re-
quired for the joining process. It must
also be capable of exerting a defined
contact pressure for the specific type
of laser process, such as transient liquid-
phase soldering, silicon-glass bonding
or plastics welding. To avoid the ne-
cessity for complex three-dimensional
clamping devices, this function must
be integrated in the pick-and-join sys-
tem itself.

Method

The envisaged pick-and-join system 
design is based on the integration of 
discrete functional components: a spe-
cialized gripper for the components, a 
fiber-guided laser beam source, a flexible
beam-shaping system, a visual process
monitoring system and a force-regulated
positioning system.

A modular vacuum gripper has been 
developed to grip and position the
parts to be joined. It is structured so as
to allow quick, low-cost adaptation to
the geometry of the parts to be joined.
A continuous-wave fiber laser is em-
ployed as the beam source. This beam
source has a high beam quality and 
efficiency. For the beam to be guided
flexibly at high speed, a compact gal-
vanometer scanning system is used
(SCANcube®7). A force-regulated 
positioning system (Fepos™) is used 
to obtain a positioning accuracy of 
± 500 nm. A defined force (F < 20 N) 
can be applied via the Z-axis by means
of an appropriate feedback circuit. 
An integrated camera system ensures
the necessary accuracy. The individual
functional groups are controlled via 
a graphical user interface programmed
with the National Instruments develop-
ment environment LabVIEW™.

Results and Applications

Initial functional tests have confirmed
the compactness and high flexibility 
of the new pick-and-join system. In 
a later stage, it is planned to integrate
a pyrometric sensor system for online
monitoring of the process control 
parameters during joining.

Contact

Dipl.-Ing. A. Boglea, Tel.: -217
andrei.boglea@ilt.fraunhofer.de
Dr. L. Bosse, Tel.: -305
luedger.bosse@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de 
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Pick-and-join system for micro-assembly

Above: Schematic diagram 
of the planned laser tool head.
Below: Pick-and-join system. 



Task

In many areas of industrial manufacture,
polishing is still a manual operation.
The new laser-beam polishing process
represents a way of automating this
work but machine tools which can 
perform the operation do not yet exist.
The aim of the POLAR (Polishing with
Laser Radiation) project is therefore 
to develop, realize and test a machine
tool for laser-beam polishing.

Method

The user requirements for a machine
tool for laser-beam polishing were
identified by a working group parallel
to the project. The basis for the laser-
polishing unit is a conventional milling
center manufactured by Hermle. All
the other components needed for la-
ser-beam polishing are integrated in
this basis machine. By removing the
milling spindle, the spindle box is made
available for installation of the laser-
beam source and the machining optics.

Laser-beam polishing imposes parti-
cular requirements on the laser-beam
source. For this reason a suitable laser-
beam source is being developed which
can be used to perform both rough
and fine machining in the two-stage
polishing process. The control for the
laser-beam source, machining optics,
process gas supply and process moni-
toring is integrated in the Siemens
control unit of the basis machine.

Results and Applications

The 3-axis scanner integrated in 
the spindle box and the 5-axis basis
machine together form a universally
deployable machining center. The
scanner produces rapid feed move-
ments and, in particular, accelerations.
The basis machine makes it possible to
process 3D parts. A process chamber
integrated in the machine can be filled
with various process gases and pre-
vents oxidation of the parts to be 
machined. The residual oxygen content
in the process chamber is monitored.
Faults in the process gas supply are
thus identified very quickly. The
Nd:YVO4 slab laser delivers a maximum
output power of 150 W (cw) with 
a beam quality of M2 < 2. All the 
machine‘s functions can be controlled
by means of a NC program.

The machine tool is being tested in the
project for applications in toolmaking,
medical engineering and pharma-
ceuticals, food processing and biotech-
nology.

Contact

Dipl.-Ing. E. Willenborg, Tel.: -213
edgar.willenborg@ilt.fraunhofer.de
Dr. K. Wissenbach, Tel.: -147
konrad.wissenbach@ilt.fraunhofer.de
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Machine tool for laser-beam polishing

Above: White-light inter-
ferometric image of a turned
and a laser-beam-polished 
surface, material 1.2343. 
Below: Machine tool 
for laser-beam polishing. 



Task

Many areas of production and manu-
facturing technology require increas-
ingly complex and high-precision 
processes which for technological and
economic reasons must offer a high
degree of automation and flexibility.
This trend is accompanied by the need
for autonomous production facilities
which are able to perform complex
production processes reliably and
smoothly with a maximum degree of
independence for a long period of time.

Method

To meet this need, decisive develop-
ments in the functionality and perfor-
mance capability of present production
facilities are required. Only with the 
integration of functions for planning,
control, the user interface, handling,
process monitoring, fault prevention
and troubleshooting on the machine
will an autonomous production cell
(APC) be able to perform production
tasks largely independently.

Results and Applications

This need for action was taken up by
several research institutes at Aachen
University of Technology and led to the
establishment there of a Collaborative
Research Center (SFB) supported by
the German Research Foundation 
DFG. The objectives pursued and the
work performed range from planning
through to process-related activity.
Along with milling, laser welding was
studied closely as an example process-
ing operation. The methods and tech-
niques developed were concretized for
these applications and integrated in a
laser welding system at the Fraunhofer
ILT.

In addition to the points described
above, the concept for the APC requires
process-integrated quality testing. 
During processing, various sensors there-
fore observe the process and provide
online data about the machining work.
On the basis of this process data, a 
closed-loop control circuit was realized
for the welding depth. A quality con-
trol loop was also developed which
makes it possible to improve the pro-
cessing result for the next component
by information feedback from the 
process to the planning level. For this
purpose, quality-relevant information,
such as intensity and geometry of the
plasma radiation, temperature radiation
and reflex radiation, including their
correlations, is evaluated and subjected
to fault analysis.

In November 2005, the work conducted
by the SFB 368 was successfully de-
monstrated at a concluding industrial
colloquium. The results represent app-
lication-oriented basic research and 
are being implemented step by step 
in industrial practice, e.g. through 
numerous transfer projects. The work
was performed in cooperation with 
the Department of Laser Technology
LLT at Aachen University of Technology.

Contact

Dipl.-Ing. S. Mann, Tel.: -321
stefan.mann@ilt.fraunhofer.de
Dr. S. Kaierle, Tel.: -212
stefan.kaierle@ilt.fraunhofer.de
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Collaborative research center SFB 368 
»Autonomous Production Cells«

Path planning in the 
autonomous production cell.



Task

As part of the collaborative research
center »Autonomous production cells«
(SFB 368), a feature-based 3D offline
planning system was developed for 
laser beam welding.

The purpose of offline planning in 
connection with laser processing is 
to program NC instructions without
occupying production resources and to
optimize preparation of the machining
job.

As well as in established processes
such as laser-beam cutting and weld-
ing, the offline planning system was
utilized for deposition welding, where
the potential for savings increases in
proportion to the volume of the built-
up layer and the complexity of the
component.

Method

The key element of the offline planning
system is a description of the machining
job in terms of machining objects, or
features. The great advantage of the
feature model is that it links geometric
data (CAD) with technological infor-
mation in the form of process para-
meters and machining strategies. 3D
simulation enables planning under 
close-to-real manufacturing conditions.

A modular design concept was chosen
for the planning system to permit the
incorporation of additional laser pro-
cessing techniques.

Results and Applications

Producing the NC program with the
support of CAD/CAM data reduces
work-preparation time in two respects.
Firstly, routings can be automatically
generated on the basis of stored, pre-
established strategies and, secondly,
NC code can be programmed exter-
nally to the plant itself, thus keeping
the plant available for production work.

The NC code for deposition welding
can be programmed in far less time
than when the instructions are written
manually, with the added advantage
that programming errors become less
likely. Since the verification of an NC
program for complex components is 
a time-consuming operation, the time
required for tooling up can also be 
reduced.

Contact

Dipl.-Ing. J. Kittel, Tel.: -136
jochen.kittel@ilt.fraunhofer.de
Dr. S. Kaierle, Tel.: -212
stefan.kaierle@ilt.fraunhofer.de 
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NC planning of 3D components 
for laser materials processing

Above: Build-up of layers 
during laser deposition welding.
Below: Simulation of the 
planning task.



Task

As part of the collaborative research
center »Autonomous production cells«
(SFB 368), the Fraunhofer ILT has built
a demonstration plant for autonomous
laser-beam welding. An autonomous
production cell is a reliable, fault-tole-
rant production facility capable of car-
rying out complex machining processes
with a maximum degree of autonomy
for a long period of time. To meet the
necessarily demanding requirements 
in terms of flexibility, the Laboratory
for Machine Tools and Production En-
gineering (WZL) at RWTH Aachen has
developed a vendor-neutral numerical
control (NC) system according to the
OSACA reference-architecture specifi-
cation. This type of control is based 
on a system of modules (architecture
objects or AOs) that permit the inte-
gration of process- and application-
specific functionalities.

In the case of laser-beam welding, for
instance, AOs are needed to regulate
the welding depth and to perform the
seam tracking. These have been realized
and integrated by the WZL.

Method

In principle, every NC system can be
said to have an »open« architecture.
But in reality the degree of openness
varies from one manufacturer to another
and only covers certain aspects. The
OSACA Open System Architecture for
Controls within Automation Systems
was therefore conceived to establish 
a vendor-neutral standard for NC inter-
faces. This reference architecture is 
based on an application program inter-
face (API) for the AOs, combined with
the relevant communication platform.

The first step in the development of 
the laser-cell control was to define the
process-specific requirements. It was
necessary to be able to regulate the
welding depth to achieve defined 
results. A seam tracking function was
also required for the fault-tolerant posi-
tioning of the laser on the weld seam.

Results and Applications

An existing NC system for a milling
production cell was adapted for use 
in laser materials processing. The laser-
specific functionalities were identified
and defined. Modules were implemented
and integrated in the NC system, spe-
cifically for regulation of the welding
depth and for weld-seam tracking.

The research was conducted in coope-
ration with the Department of Laser
Technology (LLT) at RWTH Aachen, and
the control system was implemented
by the Institute of Automatic Control
(IRT) at RWTH Aachen.

Contact

Dipl.-Ing. S. Mann, Tel.: -321
stefan.mann@ilt.fraunhofer.de
Dr. S. Kaierle, Tel.: -212
stefan.kaierle@ilt.fraunhofer.de
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Open-architecture numerical control 
for laser materials processing

OSACA control for a laser plant.



Task

In laser material processing, the quality
of the finished work is highly depen-
dent on maintaining a constant feed
rate within tightly defined limits. There
are cases where this cannot always be
assured, for instance when using arti-
culated-arm robots, manually guided
systems or low-radius geometries. The
actual feed rate needs to be known in
order to be able to adjust the process-
ing parameters. This information can
be derived from the control data for
the handling system, assuming an ade-
quate positioning accuracy. There are
also tactile sensors that register the 
instantaneous velocity as a function of
the rate of rotation of a contact roller.
Taking an alternative approach, the
Fraunhofer ILT has developed an optical
measuring system that monitors the
surface of the workpiece in coaxial
alignment with the tool head and 
determines the relative velocity in two
dimensions using image analysis.

Method

This type of measurement is based on
the principle that metallic workpieces
have a structure that produces an 
irregular reflection pattern when light
hits them at an angle perpendicular 
to the surface. This reflection pattern is
recorded by a camera, also positioned
perpendicular to the surface.

By comparing consecutive frames, it is
possible to calculate the displacement
of the image by locating sections of
the two frames showing the greatest
correlation. The displacement of the
sensing head relative to the workpiece
corresponds to the image displace-
ment in the compared sections, scaled
to allow for the optical magnification. 

The feed rate corresponds to this rela-
tive displacement normalized over the
measurement interval. The measuring
system can be integrated in the tool
head, avoiding the need for geometry
offset compensation and enabling
measurements to be made in the direct
vicinity of the machining zone. The use
of a diode laser as the light source en-
ables interference by process radiation
and ambient light to be completely
suppressed.

Results and Applications

The measurement principle was tested
using a coaxial setup attached to 
the processing laser (see Fig. above) 
in cutting and welding processes for
steel, aluminum and copper materials.
Depending on the optics employed,
this produced measurements with a 
resolution of up to 6 µm on the X- and
Y-axis at a measurement interval of
100 Hz. The resolution can be increased
further by means of sub-pixel analysis.
Measurement frequencies of up to
2000 Hz are achievable at low resolution.

Knowledge of the actual feed rate en-
ables the quality of the finished work
to be improved, for instance by adjust-
ing the laser output to maintain a 
constant line energy. Other potential
applications could be in process con-
trol, process analysis, and autonomous
seam-tracking.

Contact

Dipl.-Ing. B. Regaard, Tel.: -320
boris.regaard@ilt.fraunhofer.de
Dr. S. Kaierle, Tel.: -212
stefan.kaierle@ilt.fraunhofer.de
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Optical feed-rate measurement

Above: Optical setup for coaxial
workpiece surface monitoring
with the light source in coaxial
alignment with the processing 
laser beam.
Below: The relative displacement
is determined by comparing 
sections of consecutive frames. 



Task

The control of machining processes in 
laser material processing generally 
involves the use of optical sensors which
monitor the emitted process radiation
(plasma, temperature and reflected 
radiation). The processing quality can be
assessed by comparison with reference
images. This method allows inferences
to be made concerning the keyhole geo-
metry and the temperature distribution
on the workpiece. Direct observation of
the workpiece surface and the melt pool
geometry is not possible, however. This
requires a secondary light source to illu-
minate the surface of the workpiece.

Method

A secondary light source module was
added to the Coaxial Process Control
(CPC) system developed at the Fraun-
hofer ILT. The light emitted by a diode
laser is coupled into the beam path 
of the working laser on a coaxial plane
via a dichroic mirror. The CPC system
camera, which is also set up in coaxial
alignment, records the reflected 
radiation. The high output of the 
light source permits frame rates of 
up to 13.000 images per second.

Results and Applications

This method enables the liquid-solid
phase boundary of the processed 
material to be determined. The solidi-
fication process can also be observed.
The Fraunhofer ILT is currently develop-
ing control strategies for laser-beam
welding and cutting that provide a 
capacity for online detection and clas-
sification of surface defects such as
welding spatter, seam or cutting irre-
gularities, workpiece and weld-seam
positioning errors. The particular ad-
vantages of this method as opposed 
to simply monitoring the process ra-
diation, are its robustness with respect 
to parameter variations such as
fluctuations in the laser output, defo-
cusing etc., and the ability to clearly
classify defects.

Contact

Dipl.-Ing. B. Regaard, Tel.: -320
boris.regaard@ilt.fraunhofer.de
Dr. S. Kaierle, Tel.: -212
stefan.kaierle@ilt.fraunhofer.de
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Process monitoring and control 
using a secondary light source

Above: Coaxial image of a 
welding process (closure weld 
2 mm 1.4301, 2 kW Nd:YAG, 
v = 2 m/min).
Middle: Coaxial image of a 
cutting process (2 mm 1.4301, 
2 kW Nd:YAG, v = 6 m/min).
Below: Coaxial image of a spot
weld (0.6 mm CuSn6, 20 ms @ 
2.1 kW Nd:YAG).



Task

The functional model of the innovative
processing head presented last year 
for multifunctional cutting and welding
on the basis of the autonomous nozzle
patented by the Fraunhofer ILT was de-
veloped further to produce a demons-
trator which is being used for process
developments and feasibility studies.

Method

The new design of the combi-head is
initially configured for processing sheet
metal thicknesses of up to 6 mm 
with laser outputs of up to 8 kW and 
F numbers ≥ 5. Thanks to its slim con-
tours, the shape of the combi-head
permits good component accessibility
and 3D capability. A double-axis tilt 
adjustment unit located between and
connecting the collimation and focus-
ing optics enables the laser-beam axis
to be precisely aligned to the center 
of the nozzle outlet opening. The gas
supply lines for the crossjet nozzle and
the autonomous nozzle are located
within the main body of the head, so
that component accessibility is not res-
tricted by hose lines near the nozzles.
The cascaded crossjet nozzle made 
of copper and adapted to the head 
design features two parallel, narrow
outlet slits. Below the main body there
is a capacitive distance sensor. As 
further protection against spatter, the
main body, which has an open design
to ensure optimal functioning of the
crossjet, is fitted with a protective
hood, not shown in the photo, which
has a diffuser opening for the crossjet
and does not impede the latter‘s suction
apertures in the main body. The key
component of the head is a particularly
slim and yet robust autonomous nozzle.

Results and Applications

The combi-head‘s suitability for cutting
and welding as well as its general
functionality have been demonstrated
in initial applications. While offering
high flexibility and productivity, the
combi-head also reduces the cost 
involved in resetting, clamping and
handling operations, storage and
transport and redundant production
equipment. Economically profitable
multifunctional processing opens up
new design potential for sheet metal
assemblies, which as a result of 
shortened tolerance chains can also 
be produced extremely precisely. The 
principle of the combi-head permits
the use of lens as well as mirror optics
- with all beam sources exhibiting ade-
quate beam quality for the particular
application concerned.

Contact

Dr. F. Schneider, -426
frank.schneider@ilt.fraunhofer.de 
Dipl.-Ing. C. Benter, Tel.: -219
christian.benter@ilt.fraunhofer.de
Dr. D. Petring, Tel.: -210
dirk.petring@ilt.fraunhofer.de
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The combi-head: Laser cutting and welding 
without retooling

Above: The combi-head 
in operation.
Below: Detail view of the 
combi-head. 



Task

Of all the laser drilling techniques, 
spiral drilling provides the highest 
precision. A feature of this technique 
is that the laser radiation is caused 
to rotate in itself and enters a circular
path in relation to the component.
Material removal is achieved by several
passes over the component. By altering
the spiral radius and the incidence an-
gle of the laser radiation it is possible
to produce conical or countersunk drill
holes.

In addition to satisfying the highest 
requirements in respect of accuracy
and smooth running of the mechanical
and optical elements producing the 
rotational movement, the design of 
an optical system for spiral drilling
must be compact and also suitable 
for industrial use. The development 
of a user-oriented control system with
defined interfaces is therefore essential.

Method

The laser radiation is caused to rotate
by means of a revolving image rotator
through which the laser radiation is
guided. The image rotator is supported
in a hollow shaft motor. The diameter
of the spiral and the angle of approach
of the laser radiation are set before en-
try of the laser radiation in the hollow
shaft motor. The motorized actuators
do not rotate, which simplifies the me-
chanical structure of the unit.

The parameters for rotational speed,
angle and radius are transferred to the
actuators and the hollow shaft motor
by means of a CAN-Bus/RS control sys-
tem. This can be designed as a stand-
alone unit with a data input interface
or for connection to an existing control
system. Moreover, if the optical spiral
drilling system is equipped with online
monitoring it is possible to operate it
with closed-loop control.

Results and Applications

As the first industrial application of 
the optical spiral drilling system, it was
integrated in a drilling, ablation and
engraving unit. The first stand-alone
systems have been in operation since
the beginning of 2006. In parallel, auto-
matically controlled optical systems
with online monitoring are being built.

Possible areas of application for the
optical spiral drilling system exist 
wherever drill holes with geometries 
< 100 µm and high precision could 
up to now only be made with consi-
derable effort and expense using, 
for example, conventional cutting
techniques. Concrete examples include
microdosing systems, injection nozzles
for the automobile industry and drilling
starting holes for EDM processes.

Contact

Dipl.-Ing. W. Wawers, Tel.: -311
welf.wawers@ilt.fraunhofer.de
Dr. A. Gillner, Tel.: -148
arnold.gillner@ilt.fraunhofer.de
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Development of an optical system for spiral drilling

Above: 3D schematic of 
an optical spiral drilling system.
Middle: Examples of different
drill hole geometries.
Below: Examples of spiral 
drill holes, diameters from 
45 to 145 µm.



Task

A pulsed, fiber-coupled solid-state 
laser is used for fast and precise laser-
beam microstructuring of surfaces with
a high degree of reproducibility. The
structures produced have an aspect 
ratio > 2:1, at the same time requiring
a large working distance and a limited
aperture in a relay optics and a subse-
quent beam deflection unit. The task is
to plan, design and build a multi-stage
optical system for beam shaping and
transformation and a relay optics unit
for transporting the beam to the pro-
cessing plant. As an added option, the
output beam should be capable of ro-
tation through 90° during operation.

Method

The laser beam transferred by the 
optical fiber is first collimated, then
transformed to the required aspect 
ratio. A two-stage arrangement of 
planar waveguides is used to create 
a rectangular cross-section with 
homogeneous intensity distribution. 
A subsequent prism that can be pneu-
matically pushed into the optical path
makes it possible to rotate the beam
by 90°. Relay optics disposed further
downstream ensure the low-loss trans-
fer of radiation to the deflection and
processing optics.

Results and Applications

Several optical systems based on 
modules that can be used in various
combinations were set up, adjusted
and integrated in a processing plant
for commercial series production.

The average laser output is greater
than 200 W at pulse durations of
around 50 ns and pulse repetition 
rates of below 10 kHz. Aspect ratios 
of between 1:2 and 1:4 were achieved
for the focus spots.

Several optical systems are currently
employed in industrial series produc-
tion for large-area microstructuring 
of solar cells.

Contact

Dipl.-Ing., Dipl.-Wirtsch.-Ing. 
M. Traub, Tel.: -342
martin.traub@ilt.fraunhofer.de
Dipl.-Ing. H. D. Hoffmann, Tel.: -206
hansdieter.hoffmann@ilt.fraunhofer.de
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Shaping of pulsed high-power laser beams 
from optical fibers

Test set-up of the fiber 
coupled beam forming optics. 



Last year, the Fraunhofer-Gesellschaft
drew up a list of twelve thematic fields
of innovation that it designated as 
its »signposts to tomorrow’s markets«.
Research in each of these thematic
areas is conducted by an alliance of 
several institutes. One of these areas 
is entitled »Integrated lightweight 
construction systems« and is being
pursued by a group of 16 institutes.
The Fraunhofer ILT is represented in
numerous aspects of this thematic 
research, owing to the many versatile
uses of laser technology in manufac-
turing.

Several laser manufacturing techniques
are particularly suited to applications 
in lightweight construction, including
selective laser melting (SLM), laser-
assisted forming and various joining
technologies for metals and plastics,
not least because process stability and
quality assurance are decisive factors 
in lightweight construction.

Selective laser melting, for instance, is
ideal for constructing hollow structures
(see Fig.) that no other manufacturing
technique is capable of producing at
present. Examples include inserts made
of tool-grade steel for the injection
molding of plastics equipped with in-
ternal cooling channels that match the
contours of the mold, or components
made of titanium and aluminum with
a load-matched hollow structure for
use in ultra-lightweight construction.
Applications for such special types of
component range from vehicle manu-
facturing and machine tools to medical
devices.

The trend towards lighter-weight com-
ponents has brought forth a multitude
of new, light, high-strength materials.
To obtain the best performance from
these materials, there is a need for
suitable joining technologies that not
only allow them to be used in hybrid
structures but also make the most 
of their lightweight qualities. Laser
technology offers great potential for
optimization in this respect too. With
lasers it is possible to make virtually
shrink-free, high-quality joints between
different alloys of metal. Laser beams
can also be used to create neat joints
with excellent performance characte-
ristics in plastics.

Another important factor besides the
availability of innovative materials and
suitable joining techniques is the con-
trol of the machining process, which
also has to fulfill high requirements 
because deviations from the specified
process parameters are likely to result
in unacceptable component defects.
Consequently, the sensors used to 
monitor the process play a particularly
important role. The Fraunhofer ILT’s
Coaxial Process Control System (CPC)
is a powerful monitoring detector that
can be employed in conjunction with 
a wide variety of processes.

Contact

Dipl.-Ing. K. Kowalick, Tel.: -352
kerstin.kowalik@ilt.fraunhofer.de
Dr. S. Kaierle, Tel.: -212
stefan.kaierle@ilt.fraunhofer.de

96 Fraunhofer ILT Annual Report 2005

Fraunhofer innovation area 
»Integrated lightweight construction systems«

Powder-metallurgical hollow
structure generated by laser.



Laser Measurement and Testing Technology



The services provided by this business
area include the development of mea-
surement and testing processes and 
related equipment for material analysis
and for geometric testing and surface
inspection. The requisite measurement
and testing software is tailored to 
customer-specific problem areas. Material
analysis is based on the deployment of
laser-spectroscopic processes, focusing
on the analysis of metallic and oxidic
materials, identification testing of high-
alloy steels, rapid recognition of mate-
rials for recycling tasks and analysis of
gases and dust. Special electronic com-
ponents are developed for the parallel
processing of detector signals of high
bandwidth since two years. The busi-
ness area has become involved in the
subject area of biophotonics. Projects
are being conducted jointly with other
institutes to gather expertise in highly
sensitive fluorescence detection for
protein chips. As part of the area’s
work on geometric testing and surface
inspection components, devices and
equipment are being developed for 
obtaining 1 to 3D information about
the geometry or surface properties of
workpieces. These include processes
and special systems for testing the 
topology of bar and strip products, 
devices for the 1D to 2D scanning of
unit goods, and electronic components
for laser triangulation and laser split-
beam sensors. Target markets include
the production and the recycling in-
dustry which conduct measurement
and testing fast and close to the process.
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Business Area
Laser Measurement and Testing Technology

Measurement of a glass 
reference sample on the
sample stand of the spec-
trometer.
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Note from Institute Director
We would like to point out that the publication
of the following industry projects has been
coordinated with our customers. In principle,
industry projects are subject to the strictest
obligation to maintain secrecy. We would like
to take this time to thank our industrial partners
for their willingness to have their reports listed
published.
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Task

Air pollution with fine and ultrafine
dust particles has recently become 
recognized as one of the main public
health risks. Significant sources of 
anthropogenic particles are vehicular
traffic and industry.

Extremely small nanoscale particles re-
present an elevated health risk because
their size allows them to penetrate the
furthest into the human organism. At
the same time, these aerosol particles
are the most difficult for measuring 
instruments to detect, hence the 
pressing need for further research. 
This project concerns a method for de-
termining the composition of particles,
with particular emphasis on the con-
centration of heavy metals.

Method

The particles are collected on filters,
classified by size, and then analyzed. In
an alternative method, single particles
are analyzed directly in the air stream.

Results and Applications

In the first phase of the project, the
suitability of various filter substrates
was tested. Oil-coated aluminum foil
was found to have a low occurrence 
of analytical error and good adhesion
of the particles to the surface of the
substrate.

The results of the project will be used
to develop emission-reduction strate-
gies for the industrial plants under 
study. The method can also be em-
ployed universally in other branches 
of industry, engine development and
nanotechnology.

The project receives financial support
from the European Union’s Research
Fund for Coal and Steel (RFCS) and the
Fraunhofer-Gesellschaft.

Contact

Dr. C. Fricke-Begemann, Tel.: -196
cord.fricke-begemann@ilt.fraunhofer.de
Dr. R. Noll, Tel.: -138
reinhard.noll@ilt.fraunhofer.de
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Characterization of ultrafine dust particles 
in industrial process emissions

Microscope image of collected
particulate emissions. Individual
particles from a size of about one
micrometer can be discerned. The
color differences indicate differing
compositions.

20 µm



Task

Laser-induced breakdown spectroscopy
(LIBS) is a versatile analytical method
that can be used to measure the ele-
mental composition of gases, liquids,
solids and dusts. LIBS-based systems
are used in environmental engineering
(e.g. water and air quality), in industry
(identification of mix-ups, materials 
recycling, characterization of raw ma-
terial flows, quality assurance), in bio-
medicine, in art restoration and in the
detection of explosives. Many of these
applications call for a mobile system 
to enable field use and measurements
over long distances.

Method

A flash-lamp-pumped solid-state laser
with a pulse output of 300 mJ is spread
via a telescope and automatically fo-
cused on the target up to 12 m away.
The generated plasma light is directed
via a second set of telescope optics 
into a CCD spectrometer providing
continuous spectral analysis in the 
175 - 520 nm range. The system can 
be swiveled vertically and horizontally
through ± 45° and folded up for trans-
port.

Results and Applications

The system is capable of recording full
spectra at 1 Hz or spectral ranges at 
10 Hz. Analysis can be performed using
both single and dual pulsing, enabling
element concentrations down to 0.1 %
and lower to be detected.

Contact

Dipl.-Ing. (FH) A. Lamott, Tel.: -133,
andre.lamott@ilt.fraunhofer.de
Dr. R. Noll, Tel.: -138, 
reinhard.noll@ilt.fraunhofer.de
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Remote analysis using laser-induced 
breakdown spectroscopy: TeleLis

Above: TeleLis folded up 
for transport; dimensions 
150 cm x 80 cm 120 cm.
Below: View of the measuring
system in use.



Task

In the production of steel a layer of
slag is formed on the liquid metal. A
knowledge of the slag’s composition 
is an important factor in controlling
the steel production process. Control
samples, which are taken from the 
liquid slag using a probe, have to be
analyzed quickly on site in the steel
plant. Because the distribution of 
elements within the samples is highly
inhomogeneous, this project sets out
to investigate and implement processes
for improving local averaging for a
specific sample type.

Method

Element analysis is performed using 
laser-induced breakdown spectroscopy.
A pulsed solid-state laser produces 
a luminescent material vapor plasma
on the surface of the sample whose 
radiation emission is used for spectro-
chemical analysis. First, fundamental
studies are conducted for spectral line
selection and element distribution, and
improved calibration methods are de-
veloped for this specific sample type.
On the basis of these results, a concept
for operation in steelworks is designed
and then built as a demonstrator. 
As a result, the transport time for the
sample is minimized. The analytical
performance will be evaluated in on-site
test campaigns. 

Results and Applications

The process for improved local averag-
ing developed in the first phase of 
the project has been incorporated in
the demonstrator and tested. Measure-
ments taken of several sets of steel-
works samples show a clear improve-
ment with respect to the conventional
method. The demonstrator has been
prepared for on-site use in the steel-
works, planned as the next stage of
the project.

The work is being supported financially
by the European Coal and Steel 
Community (ECSC) and the Fraunhofer-
Gesellschaft.

Contact

Dr. V. Sturm, Tel.: -154
volker.sturm@ilt.fraunhofer.de
Dr. R. Noll, Tel.: -138
reinhard.noll@ilt.fraunhofer.de
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Rapid laser-based element analysis of slag samples

Measurement of a glass reference
sample on the sample stand of the
spectrometer. The sample is irradiated
by the laser beam from underneath.
The laser-induced plasma light causes
luminescence in the semi-transparent
sample.



Task

In steel manufacturing, it is very im-
portant that the element analysis of
production control samples should 
be carried out rapidly, allowing the
metallurgical process to continue. 
Currently employed methods such 
as spark emission spectrometry, com-
bustion analysis and X-ray fluorescence
analysis necessitate time-consuming
preparation of the samples using me-
chanical processes such as grinding
and polishing. Under the joint ATLAS
project a demonstrator is being deve-
loped as an alternative to the conven-
tional two-step process of mechanical
sample preparation followed by ele-
ment analysis with spark emission
spectrometry. Instead, a single laser-
assisted test system is employed. By 
eliminating various intermediate stages,
the new method can significantly im-
prove the productivity of the steel 
manufacturing process. In the final
phase of the project, the demonstrator
will be validated in a steel plant.

Method

The laser method performs both tasks:
preparation and analysis. First the scale
layer is removed locally by time-modu-
lated laser ablation and then the bulk
material is analyzed using the technique
of laser-induced breakdown spectro-
metry. The laser method is non-contact
and relatively maintenance-free by
comparison with automated milling
and grinding.

Results and Applications

Through time modulation of the laser
beam, the depth of the scale layer re-
moved from the samples was improved
by a factor of about six compared to
the same laser energy without modula-
tion. In the next stage, a demonstrator
will be built that is capable of perform-
ing fully automated analyses at several
points on the scale-covered side of the
samples.

The Laser Laboratory Göttingen and
seven other companies are involved 
in the joint project. The work is being
conducted with the financial support
of the Federal Ministry for Economics
and Employment, the Fraunhofer-Ge-
sellschaft and several companies.

Contact

Dipl.-Phys. J. Vrenegor, Tel.: -308
jens.vrenegor@ilt.fraunhofer.de
Dr. R. Noll, Tel.: -138 
reinhard.noll@ilt.fraunhofer.de
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Rapid preparation and analysis 
of process samples by laser

False-color image of 
a laser-generated crater.

500 µm



Task

During the production of galvanized
sheet steel, it is essential to monitor
the thickness and chemical composition
of the zinc coating as a guarantee of
uniform quality. The aim of the R&D
project is to develop an online process
and measuring unit to measure the
thickness and monitor the depth profile
of the zinc layer. The measuring unit is
designed for a production-line speed
of 1-2 m/s and zinc coatings with a
thickness of 3 to 12 µm. The current
X-ray fluorescence method is only 
capable of analyzing the thickness of
the zinc coating; it is not sufficiently
sensitive to analyze the depth profile.

Method

Laser-induced breakdown spectrometry
allows rapid, non-contact analysis of
static and moving products. A plasma
is generated on the moving sheet of
metal by a pulsed Nd:YAG laser and 
its chemical composition is determined
by analyzing the element-specific line
emissions. By varying the laser parame-
ters, the measuring depth can be either
continually adjusted or set to a fixed
value.

Results and Applications

By optimizing the laser parameters, 
it has been possible to achieve a reso-
lution of 140 nm when measuring the
thickness of electrolytically galvanized
sheet metal. The measuring unit has
been successfully tested on moving
hot-galvanized metal sheets in the la-
boratory, to analyze the depth profile
of aluminum. The analysis result was
found to be unaffected by the pro-
duction-line speed in the investigated
range of up to 1 m/s. The method thus
fulfills one of the key requirements 
for online measuring. The method 
can also be used for coatings made 
of lightweight elements such as alu-
minum, silicon or magnesium, which
gives it a significant advantage over
the X-ray fluorescence method.

The project is being carried out with 
financial support from the European
Coal and Steel Community ECSC and
the Fraunhofer-Gesellschaft.

Contact

Dr. H. Balzer, Tel.: -196
herbert.balzer@ilt.fraunhofer.de
Dr. R. Noll, Tel.: -138
reinhard.noll@ilt.fraunhofer.de
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Online measurement of galvanized sheet steel

Above: Calibration curve of laser
measurements of electrolytically
galvanized sheet metal with diffe-
rent thicknesses of zinc coating.
Below: Laser measuring unit for
online testing of galvanized metal
sheets.



Task

As part of a joint R&D project with 
industrial partners and other public-
sector research groups, a method is
being developed for the analysis of
corrosive changes in concrete structures,
e.g. bridges and multistory car parks.
Chemical elements such as chlorine,
nitrogen and sulfur penetrate the 
concrete as a result of exposure to the
environment, particularly road salt and
exhaust emissions, causing permanent
damage to the structure. To optimize
the cost and extent of renovation
work, the depth to which these sub-
stances have penetrated needs to be
determined as accurately as possible.
The project involves constructing a
transportable measuring device for 
on-site analysis and testing it on real
structures.

Method

Laser-induced breakdown spectrometry
can be used to analyze practically any
material, even for the presence of hard-
to-detect elements such as chlorine
and sulfur. A pulsed focused Nd:YAG
laser is used to generate a plasma at
the surface of a concrete core and 
the element-specific line emissions are
measured. The laser parameters are op-
timized so as to achieve the detection
limits for chlorine and sulfur required
for the renovation of building structures.
The depth resolution is achieved by
scanning the drilling core.

Results and Applications

The figure shows a section of the 
LIBS spectrum of a concrete sample
containing chlorine. The chlorine line
at 837.6 nm is clearly visible.

The project is being undertaken with
the financial support of the German
Federal Ministry of Economics, indus-
trial partners, and the Fraunhofer 
Gesellschaft.

Contact

Dr. H. Balzer, Tel.: -196
herbert.balzer@ilt.fraunhofer.de
Dr. R. Noll, Tel.: -138
reinhard.noll@ilt.fraunhofer.de
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Laser analysis of corrosive change
in building materials

LIBS spectrum of a concrete
sample containing chlorine.



Task

A methodical approach to the syste-
matic modeling of kinetic phenomena
in multiphase fluid reaction systems is
to be developed with the aid of model-
based experimental analysis. Priority 
research project SFB 540 sets out to
develop a uniform interdisciplinary me-
thodology for the efficient and rational
identification of kinetic processes in
enzyme-catalyzing reactions in tech-
nically relevant single- or multiphase 
systems.

Method

High-resolution measuring techniques
are developed in relation to concrete
transmutations and reaction systems to
determine the educt and product con-
centrations of (bio)chemical reactions
with the necessary high temporal and
spatial precision. Universally applicable,
high-resolution measuring techniques
such as confocal laser scanning micros-
copy (CSLM) are used in conjunction
with a time-correlated single-photon
counting module.

Results and Applications

Confocal laser scanning microscopy 
is a functional tool for the detection 
of weak signals originating in sample
volumes with precise spatial limits and
a high signal-to-background ratio. En-
zymes immobilized in hydrogel spheres
serve as biocatalysts and their reaction
kinetics are investigated in single- and
multiphase environments. The reaction
kinetics of biocatalysts enclosed in 
hydrogel spheres can be elucidated in
single- and multiphase reaction sys-
tems.

The pH profiles in the gel spheres are
produced on the basis of the measured
fluorescence lifetimes and provide in-
formation on the diffusion processes
and reaction mechanisms present. Time-
resolved fluorescence spectrometry
methods such as Fluorescence Lifetime
Imaging (FLIM) are employed. Spatial
resolutions of a few micrometers are
achieved in both the lateral and axial
directions. As an additional option, a
short-pulse laser can be coupled with
the microscope. The spatial distribution
of substrates and products in hetero-
geneous reaction systems can be re-
corded by exciting multi-photon fluo-
rescence.

This measuring technique provides 
a non-contact, high-resolution means 
of observing the complex processes 
in biochemical reaction systems.

Contact

Dr. C. Janzen, Tel.: -124
christoph.janzen@ilt.fraunhofer.de
Dipl.-Phys. T. Schwendt, Tel.: -376 
tilman.schwendt@ilt.fraunhofer.de
Dr. R. Noll, Tel.: -138
reinhard.noll@ilt.fraunhofer.de
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Development of optical measuring techniques for spatially
and temporally resolved monitoring of chemical reactions

Confocal laser scanning micros-
cope Leica TCS SP2 AOBS. 
Spatial resolution: diffraction-
limited laser focus (< 1 µm),
scanning frequency: 2 kHz.



Task

Confocal laser-scanning microscopy
has become established as a versatile
measuring technique for the optical
analysis of fluorescence-tagged or 
reflective samples in high spatial reso-
lution. It is used primarily for examining
cells and tissue. By treating specific
parts of the sample with fluorescent
dyes and scanning it at several different
wavelengths simultaneously, it is possi-
ble to obtain structural and functional
information with an extremely high
spatial resolution.

Method

The high spatial resolution is achieved
by using lenses with a high numeric
aperture (NA = 1.4) and mapping the
measuring signal on a mode aperture
with a diameter of only a few micro-
meters in the image plane. 

High-speed galvanometric scanner 
mirrors redirect the laser beam with 
a 2 kHz line frequency to generate
two-dimensional microscopic images.
High-resolution three-dimensional
images can be generated with the aid
of a z-scanner that axially displaces the
position of the scanning laser focus. 
A new-generation laser scanning mi-
croscope incorporates a direct diode-
pumped femtosecond laser developed
at the Fraunhofer ILT, making it possible
to excite dyes in the UV range with
multiphoton processes. In this way, 
microscopic insights into deep tissue
layers or strongly scattering tissue can
be gained.

Results and Applications

Confocal microscopy is used at the
Fraunhofer ILT primarily where there is
a need to detect weak signals with a
high signal-to-noise ratio in femtoliter
volume samples. One such application
is in single-molecule spectroscopy of
fluorescence-tagged biomolecules. 
Penetration into deeper organic layers
is limited due to scattering and absorp-
tion of the emitted fluorescence. Ultra-
short pulses in the femtosecond range
and the associated high photon den-
sities permit the excitation of multi-
photon processes in the laser focus, 
so that fluorescence can only occur 
at those points. This effectively sup-
presses bleaching of the sample. Since
infrared radiation is not so widely scat-
tered, this method allows even deeper-
lying tissue layers to be examined.

A further field of application for con-
focal laser scanning microscopy is in
measuring the surface topologies of
reflecting materials, particularly laser-
produced microstructures.

Contact

Dr. C. Janzen, Tel.: -124
christoph.janzen@ilt.fraunhofer.de
Dipl.-Phys. T. Schwendt, Tel.: -376
tilman.schwendt@ilt.fraunhofer.de
Dr. R. Noll, Tel.: -138
reinhard.noll@ilt.fraunhofer.de
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Confocal laser scanning microscopy 
with multiphoton excitation

Above: Directly diode-pumped
femtosecond laser for the exci-
tation of multiphoton processes.
The laser developed at the ILT 
is compact and easy to use.
Below: Fluorescence image 
of triple-dyed fibroblasts (con-
nective tissue cells) generated
with three excitation wave-
lengths.
λ = 488 nm, 
actin filaments (blue),
λ = 543 nm, 
mitochondria (green),
λ = 633 nm, cell nucleus (red).



Task

The task was to develop a versatile 
and flexible system for the detection 
of fluorescence-tagged biomolecules
on surfaces or in aqueous solutions in
ultra-high resolution and with single-
molecule sensitivity.

Method

At the heart of the system is a confocal
laser scanning microscope with two op-
tical paths for excitation and detection,
enabling single molecules to be de-
tected in an aqueous solution or bound
to a surface. Two different dyes can 
be measured independently of one
another. The system has sub-microme-
ter spatial resolution and the detection
volumes are in the range of a few fem-
toliters, enabling sample carriers up 
to the size of a microtiter plate to be
examined. Pulsed laser diodes with pulse
lengths in the picosecond range are
used for fluorescence excitation. They
offer a choice of visible and near-infrared
wavelengths for exciting the most com-
monly used fluorescent dyes.

Fluorescence lifetimes are measured by
means of time-correlated single photon
counting (TCSPC) with sub-nanosecond
time resolution. This gives some insight
into molecular processes such as con-
formational changes of proteins. More-
over, TCSPC also enables the use of
fluorescence correlation methods (FCS),
using either auto-correlation of one
channel or cross-correlation of the two
detection channels as required, permitt-
ing the detection of chemical bondings
and their kinetics with ultra-high sensi-
tivity.

To provide two-dimensional imaging of
the fluorescence in structured samples,
the system includes a direct light micro-
scope with a highly sensitive slow-scan
CCD camera for epifluorescence mea-
surement.

Results and Applications

The platform constructed is a highly
sensitive scanning analysis system for
life science applications, offering a
broad range of fluorescence measuring
methods. Its uses include the detection
of antibody-antigen bondings, the ob-
servation of reactions and the kinetics
of reactions, and the analysis of fluo-
rescence lifetimes.

Contact

Dr. P. Jander, Tel.: -440
peter.jander@ilt.fraunhofer.de
Dr. R. Noll, Tel.: -138
reinhard.noll@ilt.fraunhofer.de

108 Fraunhofer ILT Annual Report 2005

Flexible fluorescence measurement platform 
for life science applications

Above: Single fluorescence-
tagged protein molecules, 
adsorbed on a glass surface.
Below: Overall view of the 
system. Beneath the cover in
the foreground is the confocal
lens system, while the micros-
cope and its sliding table can
be seen at the back left. At the
back right is the control cabinet.



Task

MultiLas is an endoscope developed
specially for the minimally invasive
treatment of deep-seated brain tumors.
Locally effective laser techniques such
as laser neurosurgery, laser coagulation
and photodynamic therapy (PDT) are
combined in an endoscope for keyhole
surgery, creating a multimodal tumor
therapy system.

Method

A micro-optical channel is integrated 
in an endoscope 5.5 mm in diameter,
together with a rinsing channel and a
suction channel. The optical channel
guides five separate laser beams with
differing wavelengths, power specifi-
cations and time responses into the
surgical cavity and focuses the light on
the tissue to be ablated or examined
via a 90-degree deflection mirror (Fig.
above). A picosecond laser then re-
moves tumor tissue with sub-millimeter
precision, using the plasma-induced
tissue ablation technique. Prior to ab-
lation, the tissue layers to be removed
are examined to a depth of 5 mm for
the inclusion of blood vessels, using
optical coherence tomography (OCT).
A coagulation laser (Nd:YAG, 30 W,
1064 nm) cauterizes any vessels with 
a diameter in excess of 0.1 mm to 
preclude cerebral hemorrhage. It is
planned for the operation process to
be steered by the fluorescence of tumor
cells that have been dyed with a photo-
sensitizing agent. Postoperative photo-
dynamic therapy will destroy any isolated
tumor cells attempting to infiltrate 
healthy tissue.

Results and Applications

The initial phase of development in-
volved setting up a laboratory endos-
cope with the MultiLas optical channel
in order to test the diagnostic and the-
rapeutic laser method. Preliminary 
research findings on fluorescence di-
agnostics have already been obtained.
The use of confocal detection methods
enabled the laboratory endoscope 
to achieve single-cell sensitivity (Fig.
below).

The research project is supported by
the German Federal Ministry of Econo-
mics, small and medium-sized enter-
prises and the Fraunhofer-Gesellschaft.
In addition to the neurosurgical clinics
of Aachen and Düsseldorf universities
and the institute of pathology at 
Aachen university hospital, five SMEs
from the laser technology, medical en-
gineering and measuring technology
industries are involved in the R&D work.

Contact

Dr. A. Lenenbach, Tel.: -124
achim.lenenbach@ilt.fraunhofer.de
Dr. R. Noll, Tel.: -138
reinhard.noll@ilt.fraunhofer.de
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MultiLas - Multifunctional laser endoscope

Above: The diagnostic and 
therapeutic laser beams are di-
rected along a 2.8 mm optical
channel and focused on the 
tissue via a 90-degree deflection
mirror. The laser focus can be
positioned at any point in space
by rotating the endoscope, 
adjusting its depth and moving
the front lens.
Below: MultiLas laboratory 
endoscope scan of PPIX-tagged
tumor cells growing adherently
on a surface. The substrate
(1000 cps) is shown in blue; the
colors on a scale from turquoise
to red correspond to a fluores-
cence signal of between 5000
and 12,000 cps.



Task

A prerequisite for understanding the
structure of a protein is the presence
of a single crystal of the protein being
investigated. Today, protein crystalli-
zation tends to be performed with em-
pirical methods that take up time and
energy. This creates a bottleneck when
clarifying protein structures. The Fraun-
hofer ILT is collaborating with research
and industry partners to develop a de-
monstrator that will allow a systematic
approach to the cultivation of single
protein crystals.

Method

A novel measuring procedure has been
developed which enables static and dy-
namic measurements of scattered light
in protein solutions to be performed in
small volumes. This yields information
about the distribution of particle sizes
and the interaction of protein molecules
in solution. The sample carrier can be
filled by an automatic pipette system,
permitting a high throughput and a mi-
nimum wastage of samples during the
measuring process. The selected optical
measuring procedures provide objective
evaluation characteristics that correlate
to the probability of crystallization. In
this way, it becomes quicker and easier
to identify the solution parameters that
create the most favorable conditions
for crystallization (pH value, salt and
protein concentrations, additional and
precipitation reagents etc.).

Results and Applications

A demonstrator for measuring scattered
light in small sample volumes was built.
In addition to three precision axes for
accurately positioning the measuring
point in a small sample volume (typi-
cally 500 nl), it incorporates a system 
of lenses for measuring scattered light
and a second system of lenses for po-
larization microscopy. This enables all
phases of crystallization to be investi-
gated. Static scattered light measure-
ments display the potential for thermo-
dynamic interaction before the start 
of nucleation, dynamic light-scattering
techniques make it possible to observe
the nucleation process, and polarization
microscopy can provide high-contrast
imaging of the precipitates or crystals
after the crystallization or precipitation
has taken place. Microcrystalline preci-
pitates can be distinguished from
amorphous ones.

The work was funded by the German
Federal Ministry of Economics, several
SMEs and the Fraunhofer-Gesellschaft.

Contact

Dr. C. Janzen, Tel.: -124
christoph.janzen@ilt.fraunhofer.de
Dr. A. Lenenbach, Tel.: -124
achim.lenenbach@ilt.fraunhofer.de
Dr. R. Noll, Tel. -138
reinhard.noll@ilt.fraunhofer.de
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Development of a prototype for systematized 
protein crystallization

Demonstrator for systematized
protein crystallization. Compo-
nents made by Uhl Technische 
Mikroskopie can also be discerned
in the picture.



Short Profile

The European Laser Institute was 
founded in 2003 through an EU-
funded initiative. The ELI mission is 
to strengthen and further enhance
Europe’s position in the field of laser
technology. In addition, ELI aims to raise
public awareness of the significance
and prospects of the European laser
technology industry. ELI is a network
composed of more than 20 leading 
research facilities including the Fraun-
hofer ILT. This means that in addition
to its participation in regional and na-
tional competence networks, as an ELI
member the Fraunhofer ILT is also part
of an influential, European-level laser
technology network. Furthermore, the
international cooperation of industry
and research is to be forced by ELI. 
Amongst others, ELI creates adequate
platforms by organizing conferences,
workshops, summerschools etc. In the
future, this is supported moreover by
the cooperation with the respective re-
presentations (e. g. European Photonic
Industry Consortium EPIC). 

Contact

Dr. Stefan Kaierle
Phone: +49 (0) 241 8906-212
Fax: +49 (0) 241 8906-212
kaierle@europeanlaserinstitute.org

Executive Committee

The members of the committee 
representing the ELI are: 
• Dr. Stefan Kaierle (chairman), 

Fraunhofer ILT, Germany
• Abdelkrim Chehaibou,

Institut de Soudure, France
• Dr. François De Schutter,

Lasercentrum Vlaanderen, Belgium
• Dr. Paul Hilton,

TWI, Great Britian
• Dr. Wolfgang Knapp,

CLFA, France
• Prof. Dr. Veli Kujanpää,

Lappeenranta University 
of Technology, Finnland

• Prof. José Luis Ocaña,
Centro Láser U.P.M., Spain  
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European Laser Institute ELI 
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Patents Germany

Anordnung zur Erhöhung 
des Füllfaktors von mehreren 
Strahlenquellen
DE 103 28 086 B 4

Abtragen spröder, im besonderen
metallischer Schichten durch 
laserinduzierte Schockwellen
DE 198 01 013 B 4

Anordnung zur Verstärkung 
eines optischen Strahls
DE 100 05 537 B 4

Optische Verstärker-Anordnungen
DE 100 25 874 B 4

Verfahren zum Glätten und Polieren
von Oberflächen durch Bestrahlung
mit energetischer Strahlung
DE 102 28 743 B 4

Strahlungsführendes und/oder 
frequenzkonvertiertes optisches
System sowie Verfahren zur 
Herstellung
DE 102 53 515 B 4

Gasentladungslampe 
für EUV-Strahlung
DE 102 56 663 B 3

Verfahren zur Strahlformung
und/oder Strahlumlenkung 
von EUV-Strahlung
DE 102 004 015 580 B 3

Verfahren und Vorrichtung zur 
Analyse fester Materialien mit der
Laser-Emmissionsspektrometrie
DE 103 261 727 B 3

Vorrichtung zum Reinigen 
von Abgas
DE 100 09 938 B 4

Patents Europe

Verfahren und Vorrichtung 
zum Bearbeiten von Werkstücken
mit Hochenergiestrahlung
EP 1 128 927 B 1

Mikroreaktoranordnung zur 
festphasengestützten Synthese
sowie Mikroreaktorsystem mit ein-
zelnen Mikroreaktoranordnungen
EP 1 309 397 B 1

Verfahren und Vorrichtung 
zum Selektiven Laser-Schmelzen
von metallischen Werkstoffen
EP 1 355 760 B 1

Verfahren zum Laserbohren, 
insbesondere unter Verwendung
einer Lochmaske
101 451 84

Patents USA

A Device and Method for the 
Preparation of Building Compo-
nents from a Combination of 
Materials
US 6, 861, 613 B 1

Method for Shaping Materials 
with Plasma-Inducing High-Energy
Radiation
US 6, 822, 188 B 1

Patents Japan

Anordnung zur Führung und 
Formung von Strahlen eines 
geradlinigen Laserdiodenarray
3649737

Patent Applications
National

Verfahren und Vorrichtung 
zur Triangulation mit dynamischer
räumlicher Modulation des 
optischen Messstrahls
10 2005 013 995.7

Netzteil zur Speisung 
einer Lichtquelle
10 2005 045 569.7

Gasentladungsquelle, 
insbesondere für EUV-Strahlung
10 2005 023 060.1

Vorrichtung und Verfahren 
zum Schutz einer optischen 
Komponente, insbesondere in 
einer EUV-Quelle
10 2005 045 568.9

Verfahren und Vorrichtung zur 
Vermessung der lateralen Relativ-
bewegung zwischen Bearbeitungs-
kopf und Werkstück bei der Bearbei-
tung mit einem Bearbeitungsstrahl
10 2005 022 095.9

Einbringen von Mustern in matte
Oberflächen durch moduliertes
Laserstrahlpolieren
10 2005 026 968.0

Drehdurchführung für 
Pulver-Gas-Gemisch
10 2005 025 027.0

Vorrichtung zum Präzisionsbohren
und Abtragen mit Laserstrahlung
10 2005 047 328.8

Patents
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Talkenberg, M. -14.01.2005
Umladen von Fremdionen beim
Modifizieren von Glas mit UV-Laser-
strahlung für das Farbmarkieren
und Strukturieren 

Nießen, M. - 21.01.2005
Numerische Modellierung freier
Randwertaufgaben u. Anwendung
auf das Laserschneiden

Karimov, K. - 22.04.2005
Entwicklung und Qualifizierung
von Innenbearbeitungsköpfen für
das Laserstrahl-Auftragsschweißen

Willach, J. - 27.04.2005
Herstellung von konturierten 
Bohrungen in Mehrschichtsystemen
mit Nd:YAG-Laserstrahlung

Willenborg, E. - 04.05.2005
Polieren von Werkzeugstählen 
mit Laserstrahlung

Heise, M. - 20.05.2005
Atmosphärendruckplasmen und 
die Anwendung zur Entkeimung
von Polymerpackstoffen

Ramsayer, R. - 24.06.2005
Prozessstabilisierung beim gepulsten
Laserstrahl-Mikroschweißen von
Kupferwerkstoffen

Smith, C. - 16.08.2005
Passive Triggering of a High-Power
Hollow-Cathode EUV-Lamp for
Lithography

Peters, M. - 21.11.2005
Laserschweißen thermoplastischer 
Elastomere unter fluider Umgebung

Wirtz, T. - 19.12.2005
Herstellung von Knochenersatz-
implantaten aus Titanwerkstoffen 
mit Laserforming

Walter, K. - 20.12.2005
Auslegung und Charakterisierung
eines EUV-Transmissionsmikroskops

Bach-Zelewski, Barthel
Untersuchungen zur thermischen
Linse in endgepumpten Ti-Saphir-
Kristallen mit Brewster-Schnitt

Bendler, Manuel
Laserstrahl-Auftragschweißen 
von Formen für die Glasherstellung
durch Nutzung einer geschlossenen
CAD/CAM/NC Prozesskette 

Burbaum, Bernd
Studie zum Digitalisieren und
Instandsetzen von Kompressor-
schaufeln aus Strahltriebwerken

Emonts, Michael
Qualifizierung des Hochleistungs-
diodenlasers zum flexiblen 
Hartlöten im Karosserierohbau

Hoelters, Stefan
Laser-Emissionsspektroskopie 
zur Tiefenprofilanalyse metallischer
Schichtsysteme

Hohn, Roman
Korrektur thermisch induzierter
Doppelbrechung in Nd:YAG-
Stablasern durch einen Quarzrotator

Kaiser, Christian
Untersuchungen zur Steigerung 
der Konversionseffizienz von 
fs-Laserstrahlung in Si-Ka-Strahlung

Loebe, Andrea
Untersuchung des Materialabtrags
und LIBS-Analyse von Metallproben
mit Nd:YAG-Laserbursts

Löhring, Jens
Untersuchungen zur Erzeugung der
zweiten und dritten Harmonischen
mittels Summenfrequenzbildung
von Nd:YAG-Lasern hoher mittlerer
Leistung

Mahlmann, Daniel
Abtragen von Hartgewebe mit
gepulster IR-Laserstrahlung im Fem-
tosekunden bis Mikrosekunden
Bereich

Moalem, Anas
Koaxiale Fremdbeleuchtung zur
Überwachung des Schneidens und
Schweißens mit Laserstrahlung

Schillinger, Sara
Charakterisierung der Grenzschichten
an Polymeren nach Ablation mit
UV-Laserstrahlung

Schmitt, Felix
Vergleich des Perkussions- und des
Wendelbohrens mit Kurzpulslasern

Schwendt, Tilman
Entwicklung von Laser-Lichtstreu-
verfahren zur Charakterisierung 
der Wechselwirkung von Proteinen
in kleinen Flüssigkeitströpfchen

Wilkes, Jan
Investigation of the effect of 
important processing variables on
the accuracy of three-dimensional
printing of metallic components
using nanoparticle binder

Dissertations Diploma Theses
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F. Sari, A. Gillner, R. Poprawe, 
M. Rupf
Advances in selective laser 
radiation bonding of silicon 
and glass for microsystems
Proceedings of Lasers in 
Manufacturing 3
Seiten 791-796, 2005

B. Regaard, S. Kaierle, W. Schulz, 
A. Moalem
Advantages of coaxial external
illumination for monitoring 
and control of laser materials
processing
Proceedings of ICALEO 2307
Seiten 915-919, 2005

R. Poprawe, A. Gillner, 
A. Olowinsky, L. Bosse
Aktive Laserstrahljustage
Montage hybrider Mikrosysteme -
Handhabungs- und Fügetechniken
für die Klein- und Mittelserien-
fertigung 
Seiten 53-56, 2005

F. Schneider, D. Petring
Aktuelle Fortschritte und 
on-line Prozessüberwachung
beim Laserstrahlschneiden
Tagungsband zum Aachener Laser
Seminar »Innovative Laserschneid-
und Laserschweißprozesse für die
Metallverarbeitung«, 2005

C. Janzen, R. Fleige, R. Noll, 
H. Schwenke, W. Lahmann, 
J. Knoth, P. Beaven, E. Jantzen, 
A. Oest, P. Koke
Analysis of small droplets 
with a new detector for liquid 
chromatography based on 
laser-induced breakdown 
spectroscopy
Spectrochimica Acta Part B 60
Seiten 993-1001, 2005

D. Petring
Aus zwei mach eins - Flexibler
Kombikopf ermöglicht das
Laserschneiden und -schweißen
im fliegenden Wechsel
MM-Maschinenmarkt 36
Seiten 214-217, 2005

K. Bergmann, O. Rosier, 
C. Maetzmacher
Compact extreme ultraviolet
reflectometer for the characte-
rization of grazing incidence
optics based on a gas discharge
light source
Scientific Instruments 76
Seiten 104-109, 2005

D. Petring
Computer simulation of laser
cutting for the limiting-value-
oriented development of robust
processes
Welding and Cutting 4, No. 1
Seiten 37-42, 2005

R. Noll, I. Mönch, O. Klein, 
A. Lamott
Concept and operating perfor-
mance of inspection machines
for industrial use based on laser-
induced breakdown spectroscopy
Spectrochimica Acta Part B 60
Seiten 1070-1075, 2005

D. Petring
Der Kombikopf: Laserschweißen
und -schneiden ohne Werkzeug-
wechsel
Tagungsband zum 1. EMO Anwen-
derforum Lasertechnik, 2005 

E. W. Kreutz, W. Schulz
Diagnosis and modelling of 
nonlinear dynamics in laser 
cutting, welding and drilling
Proceedings of NAFEMS, 2005

R. Poprawe, P. Loosen, 
H.-D. Hoffmann
Diode and DPSS laser trends 
and applications
The Industrial Laser User 38
Seiten 18-21, 2005

W. Schulz, J. Petereit, E. W. Kreutz, 
L. Trippe, U. Eppelt
Drilling model for µs-pulses
Proceedings of Lasers in Manu-
facturing 3, 2005

A. Bollig, S. Mann, R. Beck, 
S. Kaierle
Einsatz optischer Technologien
zur Regelung des Laserstrahl-
schweißprozesses
at - Automatisierungstechnik 10
Seiten 513-521, 2005

D. Petring
Flexibilität beginnt im Kopf
Bänder Bleche Rohre 46 06/07
Seiten 28-30, 2005

D. Petring
Flexibility starts in laser welding
and cutting
WIRE 4
Seiten 47-48, 2005

D. Petring
Flexibility starts in your head -
Laser welding and cutting with
the combihead
Australasian Welding Journal 50
Seite 21, 2005

D. Petring
Flexibility starts in your head -
Laser welding and cutting with
the combihead
Welding Technology 
(Yosetsu Gijutsu) 53, No. 11
Seiten 84-88, 2005

F. Schneider, D. Petring
Flexible Fertigung von Blech-
baugruppen: effizient Laser-
strahlschweißen und -schneiden
mit dem Kombikopf
Tagungsband zum Aachener Laser
Seminar »Innovative Laserschneid-
und Laserschweißprozesse für die
Metallverarbeitung«, 2005

T. Kiedrowski, E. Willenborg,
K. Wissenbach, S. Hack
Generation of design structures
by selective polishing with laser
radiation
Proceedings of Lasers in 
Manufacturing 3
Seiten 451-455, 2005

H. Bette, R. Noll, G. Müller, 
H.-W. Jansen, C. Nazikkol, 
H. Mittelstädt
High-speed scanning laser-
induced breakdown spectrosco-
py at 1000 Hz with single pulse
evaluation for the detection of
inclusions in steel
Journal of Laser Applications 17
Seiten 183-190, 2005

L. Bosse, S. Driessen, B. Engelmann, 
A. Gillner, R. Poprawe, T. Pfeiffer, 
R. Schmitt
Inline-Verfahren
Montage hybrider Mikrosysteme -
Handhabungs- und Fügetechniken
für die Klein- und Mittelserienfer-
tigung 
Seiten 187-218, 2005

F. Schneider, D. Petring, R. Poprawe
Integrated laser processing - 
cutting and welding with a 
combined processing head
Proceedings of Lasers in 
Manufacturing 3
Seiten 133-135, 2005

J. Pankert, R. Apetz, K. Bergmann,
G. Derra, M. Janssen, J. Jonkers, 
J. Klein, T. Kruecken, A. List, 
M. Loeken, W. Neff, S. Probst, 
R. Prummer, O. Rosier, S. Seiwert, 
G. Siemons, D. Vaudrevange, 
D. Wagemann, A. Weber, P. Zink,
O. Zitzen
Integrating Philips' extreme UV
source in the alpha-tools
Proceedings of SPIE 5751
Seiten 260-271, 2005

J. Vrenegor, R. Noll, V. Sturm
Investigation of matrix effects in
LIBS plasmas of high-alloy steel
for matrix and minor elements
Spectrochimica Acta B 60
Seiten 1083-1091, 2005

C. Benter, D. Petring, R. Poprawe
Investigation of the transition
from heat conduction to deep
penetration welding with High
Power Diode Lasers
Proceedings of Lasers in 
Manufacturing 3 
Seiten 67-72, 2005

A. Gillner, J. Holfkamp, 
C. Hartmann, A. Olowinsky, 
J. Gedicke, K. Klages, L. Bosse, 
A. Bayer
Laser applications in 
microtechnology
Journal of Materials Processing 
Technology 167
Seiten 494-498, 2005

D. Petring
Laser cutting and welding with
one tool
The FABRICATOR 10
Seiten 40-41, 2005

F. Sari, W.-M. Hoffmann
Laserdurchstrahlfügen in der
Mikrotechnik
Kolloquium Mikroproduktion - Fort-
schritte, Verfahren, Anwendungen 
Seiten 71-84, 2005

K. Wissenbach, A. Gasser, 
T. Jambor, C. Johnigk, T. Kiedrowski,
W. Meiners
Lasereinsatz im Werkzeug- und 
Formenbau für Kunststoffmikro-
bauteile - Anwendungspotentiale
und Praxisbeispiele
Konferenzband zur DIF-Fachkonfe-
renz: »Mikroformteile aus Kunst-
stoff«, 2005

Scientific Publications
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B. Feddes, A. M. Vredenberg, 
M. Wehner, J. C. G. Wolke, 
J. A. Jansen
Laser-induced crystallization 
of calcium phosphate coatings
on polyethylene (PE)
Biomaterials 26
Seiten 1645-1651, 2005

F. Fuhrmann, D. Petring
Laser-Lichtbogen Hybrid-
schweißen: Stand der Technik
und aktuelle Fortschritte
Tagungsband zum Aachener Laser
Seminar »Innovative Laserschneid-
und Laserschweißprozesse für die
Metallverarbeitung«, 2005

D. Petring
Lasern mit dem Kombikopf 
auf dem Weg in die Praxis
BLECH InForm 4
Seiten 43-46, 2005

D. Petring
Lasers in European Automotive
Manufacturing: Historical
Review and Recent Trends
The Industrial Laser User 39
Seiten 28-33, 2005

A. Gillner, F. Sari, R. Poprawe, 
M. Wild
Laserstrahlbonden
Montage hybrider Mikrosysteme -
Handhabungs- und Fügetechniken
für die Klein- und Mittelserienfer-
tigung 
Seiten 91-102, 2005

R. Poprawe, A. Gillner, L. Bosse
Laserstrahl-Löten
Montage hybrider Mikrosysteme -
Handhabungs- und Fügetechniken
für die Klein- und Mittelserienfer-
tigung 
Seiten 79-89, 2005

D. Petring
Laserstrahlschneiden und -
schweißen: Grundlagen für die
Anwendung
Tagungsband zum Aachener Laser
Seminar »Innovative Laserschneid-
und Laserschweißprozesse für die
Metallverarbeitung«, 2005

R. Poprawe
Lasertechnik für die Fertigung -
Grundlagen, Perspektiven und
Beispiele für den innovativen
Ingenieur
VDI-Buch 526
Seiten 1-353, 2005

A. Weisheit, G. Vitr, K. Wissenbach,
J. Zajac, H. Thoors, B. Johansson, 
E. Ribera, J. Arino, F. Sierra
Local heat treatment of ultra
high strength steels to improve
formability
Proceedings of IWOTE 1
Seiten 1-19, 2005

A. Weisheit, G. Vitr, S. Scheffler, 
K. Wissenbach
Local heat treatment of ultra
high strength steels to improve
formability
Proceedings of Super-High Strength
Steels 
Seiten 1-10, 2005

G. J. Schmitz, C. Brücker, P. Jacobs
Manufacture of high-aspect-
ration micro-hair sensor arrays
Journal of Micromechanics and
Microengineering (15)
Seiten 1904-1910, 2005

M. Wehner, A.-F. Teutu-Kengne, 
D. Brkovic, T. Henning, D. Klee, 
R. Poprawe, G. Jakse
Microsurgical anastomosis 
of sperm duct by laser tissue 
soldering
Proceedings of SPIE 5686
Seiten 226-233, 2005

A. Gillner, J. Holtkamp, A. Bayer,
P. Groche, R. Erhardt
Mikroumformen mit lokaler
Bauteilerwärmung durch Laser-
strahlung in transparenten
Werkzeugen
Abschlussbericht zum DFG-Schwer-
punktprogramm 1074 'Erweiterung
der Formgebungsgrenzen bei
Umformprozessen' 1074
Seiten 111-118, 2005

K. Nicklaus, D. Hoffmann, 
M. Hoefer, J. Luttmann, P. Loosen,
R. Poprawe
MOPA with kW Average Power
and Multi MW Pulse Power
OSA Technical Digest 98
Seiten 1-3, 2005

T. Wirtz, M. von Walter, O. Schulz, 
K. Wissenbach
New possibilities for the design
and manufacturing of bone
implants with external and
internal functional architecture
Proceedings of Lasers in Manufac-
turing 3
Seiten 515-519, 2005

D. Petring
One head does it all
Welding Journal 8
Seiten 49-51, 2005

H. Balzer, M. Hoehne, V. Sturm, R. Noll
Online coating thickness 
measurement and depth 
profiling of zinc coated sheet
steel by laser-induced breakdown
spectroscopy
Spectrochimica Acta Part B 60
Seiten 1172-1178, 2005

M. Daniels, N. Nicklaus, 
H.-D. Hoffmann, S. Altmeyer
Polarization-independent isolation
of high power laser radiation
Proceedings of Lasers in 
Manufacturing 3
Seiten 747-750, 2005

S. Kaierle, P. Abels, C. Kratzsch
Process monitoring and control
for laser materials processing -
an overview
Proceedings of Lasers in Manufac-
turing 3
Seiten 101-105, 2005

M. Wehner, S. Beckemper, P. Jacobs,
S. Schillinger, D. Schibur, A. Gillner
Processing of polycarbonate by
high-repetition rate ArF excimer
laser radiation
Proceedings of Lasers in 
Manufacturing 3
Seiten 557-561, 2005

L. Bosse, N. Goebbels, R. Poprawe
Production cell for laser joining
of microsystems with modular
pick & join-tools
Proceedings of Lasers in 
Manufacturing 3
Seiten 785-789, 2005

R. Lebert, B. Jaegle, C. Wies, 
U. Stamm, J. Kleinschmidt, 
K. Gaebel, G. Schriever, J. Pankert,
K. Bergmann, W. Neff, A. Egbert
Progress on EUV-source deve-
lopment, tool integration and
applications
Proceedings of SPIE 5835
Seiten 230-243, 2005

C. Fuhrmann, D. Petring, R. Poprawe
Recent results on high power
CO2- and Nd:YAG-laser-arc hybrid
welding of thick steel plates
Proceedings of Lasers in 
Manufacturing 3
Seiten 185-192, 2005

P. Rußbüldt, T. Mans, R. Ritschel, 
D. Hoffmann
Röntgenstrahlung aus 
Laserstrahlung
Laser Technik Journal (5)
Seiten 86-88, 2005

P. Loosen
Status and trends in the deve-
lopment of high-power diode
lasers and their applications
Proceedings of SPIE 5777, 2005

L. Bosse, A. Gillner, R. Poprawe
Temperature controlled selective
soldering with laser radiation
Proceedings of LPM 2005
Seiten 185-190, 2005

D. Petring, F. Schneider, C. Benter, 
R. Poprawe
The combi-head - truly flexible
laser processing by cutting and
welding in a single machine
with a single tool
Proceedings of ICALEO 2005
Seiten 91-95, 2005

F. Sari, A. Gillner
Thermal process control for laser
radiation bonding of silicon and
glass
Proceedings of 4M, 2005 

K. Bobzin, L. Bosse, 
A. Brandenburg, U. Dilthey,
A. Erdle, S. Ferrara, E. Lugscheider,
M. Maes, R. Poprawe, G. Smolka
Transient liquid phase bonding
Montage hybrider Mikrosysteme-
Handhabungs - und Fügetechniken
für die Klein- und Mittelserienfer-
tigung 
Seiten 65-78, 2005

M. Wehner, M. Schmidbauer, 
P. Jacobs
VUV-Laserbearbeitung zur 
Herstellung mikrotechnischer
Produkte für Medizin und
Mikrochemie - Abschlussbericht
InnoNet IN2020.
BMBF Forschungsbericht
Report Nr. 16IN0064/16IN0065
Seiten 1-66, 2005

C. Benter, D. Petring, R. Poprawe
Wärmeleitungs- und Tief-
schweißen mit Hochleistungs-
Diodenlasern
Tagungsband zum Aachener Laser
Seminar »Innovative Laserschneid-
und Laserschweißprozesse für die
Metallverarbeitung«, 2005

Scientific Publications



11.01.2005 - R. Poprawe
Photonics research in Europe:
High power sources, applications
and the perspectives in the 7th
FP of the EC
Cambridge, Großbritannien

21.01.2005 - M. Wehner 
Microsurgical anastomosis 
of sperm duct by laser tissue 
soldering
Photonics West / BiOS 2005, 
San Jose, CA, USA

24.01.2005 - R. Poprawe
Development trends of 
new high power laser sources
Photonics West, San Jose, CA, USA

02.02.2005 - N. Wolf
Fertigungstechnologien - 
Laseranwendungen
BMBF-Verbundprojekt eSIE.CAR,
Abschlusspräsentation, Krefeld 

06.02.2005 - B. Jungbluth 
Resonator designs of widely 
tunable Ti:Sapphire Lasers cover-
ing a large pulse energy range
ASSP 2005, Intercontinental Wien,
Wien, Österreich

06.02.2005 - K. Nicklaus 
MOPA with kW average power
and multi MW pulse power
ASSP 2005, Intercontinental Wien,
Wien, Österreich 

02.03.2005 - R. Poprawe
Stand und Perspektiven
plasmabasierter XUV-Quellen
ITO-Seminar, Stuttgart

02.03.2005 - F. Sari 
Laserdurchstrahlfügen 
in der Mikrotechnik
Gemeinschaftskolloquium Mikro-
produktion SFB 440, SFB 516, SFB
499, Aachen

02.03.2005 - L. Bosse 
Produktionszelle zum Laser-
strahlfügen hybrider Mikrosys-
teme mit modularen Greif- und
Fügesystemen
Gemeinschaftskolloquium Mikro-
produktion SFB 440, SFB 516, SFB
499, Aachen 

13.03.2005 - A. L. Boglea 
Laser tools for microassembly
Network Meeting - Training 
Workshop - Information Day, 
Pontedera, Italien

23.03.2005 - H.-D. Hoffmann 
Entwicklung von Hochleistungs-
lasern am Fraunhofer ILT Aachen
DLR, Stuttgart

01.04.2005 - L. Bosse
Temperature controlled selective
soldering with laser radiation
LPM05, Newport News, USA

01.04.2005 - J. Gedicke 
Advancements of SHADOW -
Laser beam welding of 
compression molded copper parts
LPM05, Newport News, USA

02.04.2005 - E. W. Kreutz
Glass & ceramic material 
processing 
Laser Precision Manufacturing
2005, Williamsburg, Virginia, USA

02.04.2005 - E. W. Kreutz
Laser surface modification
Laser Precision Manufacturing
2005, Williamsburg, Virginia, USA

06.04.2005 - R. Noll 
Fraunhofer expertise in 
energetic materials and laser
spectroscopy
Nato Workshop, Norfolk, Virginia,
USA

11.04.2005 - R. Poprawe
Latest on high power diode
pumped lasers 
Navy Research Laboratory, 
Washington, USA

12.04.2005 - A. Weisheit 
Local heat treatment of ultra
high strength steels to improve
formability
IWOTE05, Bremen

13.04.2005 - R. Poprawe
Robust automotive applications
of high power laser
ALAW 2005, St. John’s Conference
Center, Plymouth, USA

25.04.2005 - R. Poprawe
Werden die Computerchips der
Zukunft mit »Aachener Licht«
gemacht?
Rotary, Aachen

25.04.2005 - E. W. Kreutz
Lasersicherheit
Seminar Lasersicherheit, 
Bad Münstereifel

26.04.2005 - E. W. Kreutz
Lasersicherheit - was ist wirklich
wichtig?
Seminar Kunststoffschweißen,
Würzburg

26.04.2005 - S. Kaierle
Advances in system technology
at Fraunhofer ILT
Shanghai Academy of Sciences,
Shanghai, China

28.04.2005 - S. Kaierle
Laser applications at 
Fraunhofer ILT
Changchun University of Science
and Technology CUST, Changchun,
China

29.04.2005 - R. Poprawe
Photonik zum Nutzen Europas 
Aix Laser People Treffen, VDI Büro
Brüssel, Brüssel

03.05.2005 - T. Mans
Laser für die Bearbeitung von
Kunststoffen
Süddeutsches Kunststoffzentrum,
Würzburg

08.05.2005 - K. Klages 
High precision and high 
speed laser micro joining for
electronics and micro systems
LAT 2005, St. Petersburg, Russland

09.05.2005 - S. Kaierle
Prozessüberwachung beim
Laserstrahlbohren
Aachener Laserseminar »Bohren
mit Laserstrahlung«, Fraunhofer ILT,
Aachen

09.05.2005 - M. Traub 
Fiber coupled high power diode
laser pump modules for optical
intersatellite links
OPTRO 2005, Paris, Frankreich

09.05.2005 - A. Gillner
Maschinen und Optiken 
zum Präzisionsbohren mit 
Laserstrahlung
Aachener Laserseminar »Bohren
mit Laserstrahlung«, Fraunhofer ILT,
Aachen

09.05.2005 - W. Schulz
Modellierung, Diagnose und
Simulation des Bohrens durch
Schmelzaustrieb: Die Skalen 
der Lösungsstruktur
Aachener Laserseminar »Bohren
mit Laserstrahlung«, Fraunhofer ILT,
Aachen

09.05.2005 - E. W. Kreutz
Allgemeine Einführung und
Grundlagen des Bohrprozesses -
Laserstrahlquellen und Einsatz-
möglichkeiten
Aachener Laserseminar »Bohren
mit Laserstrahlung«, Fraunhofer ILT,
Aachen

10.05.2005 - A. Gillner
Laserstrahlquellen für die 
Präzisionsbearbeitung, welcher
Laser für welche Anwendung
Aachener Laserseminar »Laser-
bearbeitung in der Feinwerk- und
Mikrotechnik«, Fraunhofer ILT,
Aachen

10.05.2005 - L. Bosse
Löten mit Laserstrahlung - 
selektiv und prozesssicher
Aachener Laserseminar »Laser-
bearbeitung in der Feinwerk- und
Mikrotechnik«, Fraunhofer ILT,
Aachen

10.05.2005 - A. Olowinsky
Präzisionsschweißen mit Laser-
strahlung in der Feinmechanik
Aachener Laserseminar »Laser-
bearbeitung in der Feinwerk- und
Mikrotechnik«, Fraunhofer ILT,
Aachen

11.05.2005 - A. Gillner
Laserstrahlbohren und 
Strukturieren von Oberflächen
Aachener Laserseminar »Laser-
bearbeitung in der Feinwerk- und
Mikrotechnik«, Fraunhofer ILT,
Aachen

11.05.2005 - M. Wehner
Strukturieren und Bohren 
von Polymeren und Keramiken
mit Laserstrahlung
Aachener Laserseminar »Laser-
bearbeitung in der Feinwerk- und
Mikrotechnik«, Fraunhofer ILT,
Aachen

11.05.2005 - W. Schulz
Modellierung, Diagnose 
und Simulation
Firmenpräsentation 
Daimler Chrysler, Aachen

12.05.2005 - A. Gillner
Laserstrahlquellen für die 
Präzisionsbearbeitung, welchen
Laser für welche Anwendung
Aachener Laserseminar »Kunststoff-
bearbeitung mit Laserstrahlung:
eine vielseitige Technologie«,
Fraunhofer ILT, Aachen
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12.05.2005 - M. Poggel
Laser und Kunststoff - eine feste
Verbindung
Aachener Laserseminar »Kunststoff-
bearbeitung mit Laserstrahlung:
eine vielseitige Technologie«,
Fraunhofer ILT, Aachen

13.05.2005 - A. Gillner
Strukturieren, Trennen und
Modifizieren von Polymeren 
mit Laserstrahlung
Aachener Laserseminar »Kunststoff-
bearbeitung mit Laserstrahlung:
eine vielseitige Technologie«,
Fraunhofer ILT, Aachen

13.05.2005 - G. Otto
Lasereinsatz in der Verpackungs-
technik - Selektive Bearbeitung
führt zu neuen Produktlösungen
Aachener Laserseminar »Kunststoff-
bearbeitung mit Laserstrahlung:
eine vielseitige Technologie«,
Fraunhofer ILT, Aachen

17.05.2005 - E. W. Kreutz
Modelling and simulation in
materials processing with laser
radiation
NAFEMS World Congress 
»Engineering Simulation: Best 
Practices and Visions of the Future«,
Balluta Bay, Malta

22.05.2005 - E. W. Kreutz
A bunch of excellent properties
for application of solid-state
laser radiation 
Second International Conference
»Laser Technologies in Welding 
and Materials Processing«, 
Kiew, Ukraine

22.05.2005 - E. W. Kreutz
Drilling with laser radiation -
experimental and theoretical
analysis of a complex super-
position of processes
Second International Conference
»Laser Technologies in Welding 
and Materials Processing«, 
Kiew, Ukraine

29.05.2005 - L. Bosse
Temperature controlled selective
soldering with laser radiation
Industrial Forum: In situ diagnostic
and control systems in laser materials
processing, Strasbourg-Illkirch,
Frankreich

30.05.2005 - S. Kaierle 
Recent developments and 
trends in processing monitoring
and control of laser materials
processing
E-MRS 2005, Strasbourg-Illkirch,
Frankreich 

31.05.2005 - R. Noll
Online characterization 
of zinc coatings
TGS 9 Meeting, Dortmund

01.06.2005 - S. Kaierle
Aktuelles in der Systemtechnik
des Fraunhofer ILT
LLT Seminar, Fraunhofer ILT, Aachen

05.06.2005 - L. Bosse
Laser in micro technology
Tampere Laser Summit Seminar
2005, Tampere, Finnland

08.06.2005 - A. Gasser
Lasereinsatz im Werkzeug- und
Formenbau für Kunststoffmikro-
bauteile - Anwendungsbeispiele
und Praxisbeispiele
DIF Fachkonferenz: Mikroformteile
aus Kunststoff, Würzburg

09.06.2005 - G. Backes 
Laserbearbeitung bei Triebwerken
Bundeswehrakademie, 
Oberammergau 

09.06.2005 - K. Wissenbach 
Herstellung von Gradienten-
schichten mit LA 
Gremientätigkeit Fraunhofer Allianz
Rapid Prototyping, Berlin

10.06.2005 - T. Wirtz 
New possibilities for the design
and manufacturing of bone
implants with DLF
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

12.06.2005 - K. Klages
Dissimilar metals - The flexibility
of laser beam micro welding
with SHADOW
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

13.06.2005 - T. Kiedrowski
Generation of design structures
by selective polishing of metals
with laser radiation
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

13.06.2005 - M. Wehner
Processing of polycarbonate by
high-repetition rate ArF excimer
laser radiation
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

14.06.2005 - C. Benter 
Investigation of the transition
from heat conduction to deep
penetration welding with high
power diode lasers
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

14.06.2005 - G. Vitr
Verbesserung der Umformeigen-
schaften schwer umformbarer
Werkstoffe durch vorinitialisier-
ten Wärmeeintrag
EFB-Sitzung, Dresden

14.06.2005 - W. Schulz 
Drilling model for µs-pulses
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

14.06.2005 - F. Schneider 
Integrated laser processing - 
cutting and welding with 
a combined processing head
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

14.06.2005 - S. Kaierle
Process monitoring and control
for laser materials processing -
an overview
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

14.06.2005 - F. Schneider
Laser cutting process control
with process response evaluation
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

15.06.2005 - R. Wagner
Optical waveguides in fused silica
written with spatially shaped
femtosecond laser radiation
CLEO Europe Konferenz, München

15.06.2005 - R. Poprawe
Materialbearbeitung und Opti-
sche Messtechnik
Deutsche Börse Spotlights, 
München

15.06.2005 - R. Poprawe
Medizintechnik und Biophotonik
Deutsche Börse Spotlights, 
München

15.06.2005 - L. Bosse
Production cell for laser joining
of microsystems with modular
pick & join-tools 
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

15.06.2005 - F. Sari
Advances in selective laser 
radiation bonding of silicon 
and glass for micro systems
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

15.06.2005 - C. Fuhrmann
Recent results on high power
CO2- and Nd:YAG- laser-arc
hybrid welding of thick steel
plates 
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

15.06.2005 - E. W. Kreutz
Deposition and modification 
of perowskite films
3rd International Symposium on
Irradidation Induced Phenomena in
Chalcogenide, Oxides and Organic
Thin Films, Sofia, Belgrad

15.06.2005 - E. W. Kreutz
Short-pulse laser radiation - 
a tool for manufacturing 
and modification of glasses
3rd International Symposium on
Irradidation Induced Phenomena in
Chalcogenide, Oxides and Organic
Thin Films, Sofia, Belgrad

16.06.2005 - M. Daniels
Polarisation independant isolation
of high power laser radiation
3rd Int. WLT-Conference on Lasers
in Manufacturing LIM 2005, 
München 

20.06.2005 - P. Jacobs 
Laserverfahren in der 
Medizintechnik
DIF-Fachkonferenz »Kunststoffe in
der Medizintechnik«, Würzburg 
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27.06.2005 - P. Loosen 
High-power diode laser - 
a new tool for industrial 
manufacturing
Innovative Manufacturing 
Conference of the Scottish 
Manufacturing Institute, 
Edinburgh, Schottland, GB

28.06.2005 - F. Sari
Thermal process control 
for laser radiation bonding 
of silicon and glass
Konferenz 4M Karlsruhe, 
Eggenstein-Leopoldshafen

28.06.2005 - R. Noll
New frontiers for laser-induced
breakdown spectroscopy
Kolloquiumsvortrag ETH Zürich,
Zürich, Schweiz

29.06.2005 - A. Gasser
Laser cladding for repair 
of blisks out of Ti and Ni based
alloys 
Laser&Poudre, Evry Cedex, 
Frankreich

29.06.2005 - A. Gasser
Laser cladding for molds repairing
Laser&Poudre, Evry Cedex, 
Frankreich

04.07.2005 - E. W. Kreutz
Laser in der Materialbear-
beitung und andere als optische
und elektrische Gefahren
Seminar Arbeitssicherheit, 
Ostfildern

06.07.2005 - E. W. Kreutz
Gefährdung von Augen und
Haut durch Laserstrahlung
Seminar Laserstrahlung, 
Markt Triefenstein-Lengfurt 

08.07.2005 - P. Abels 
Coaxial Process Control - 
Qualitätssicherung für 
Laserbearbeitungsverfahren
durch bildgebende Prozess-
überwachung 
Proteca, Aachen

20.07.2005 - M. Wehner
Laser technology for better
implants
Workshop FhG-ZV partnering 
Johnson & Johnson, München

03.08.2005 - E. W. Kreutz
Einrichten von Laserbereichen
und andere als optische Gefahren-
potenziale
Konferenz zur Arbeitssicherheit,
Markt Triefenstein-Lengfurt

29.08.2005 - J. Holtkamp 
Laser applications in micro 
technology
IFAMPT 2005, Glasgow, 
Schottland, GB

07.09.2005 - H. Balzer
Online depth profiling of zinc
coated sheet steel by laser-
induced breakdown spectroscopy
EMSLIBS 2005, Fraunhofer ILT,
Aachen

10.09.2005 - D. Wortmann
Sub-wavelength ripple formation
on various materials induced 
by tightly focused femtosecond
laser radiation
Conference on Laserablation
COLA05, Banff, Kanada

10.09.2005 - A. Horn
Si-K radiation generated by the
interaction of femtosecond laser
radiation with silicon
Conference on Laserablation
COLA05, Banff, Kanada

15.09.2005 - D. Petring
Der Kombikopf: Laserschweißen
und -schneiden ohne Werkzeug-
wechsel 
1. EMO Anwenderforum 
Lasertechnik 2005, Hannover

15.09.2005 - A. Gasser
Laserstrahl-Auftragschweißen:
Reparatur und Modifikation im
Werkzeug- und Formenbau
1. EMO Anwenderforum 
Lasertechnik 2005, Hannover

17.09.2005 - E. W. Kreutz
Laser cladding, drilling and 
shaping as manufacturing, repair
and overhaul technologies for
rotating machinery
3rd International Symposium 
on Stability Control of Rotating
Machinery, Cleveland, USA

20.09.2005 - R. Noll
Laserspektroskopie für 
die online Analytik
24. Spektrometertagung, 
Dortmund

22.09.2005 - P. Loosen 
Grundlagen des Lasers, seine
Möglichkeiten - Geschichte und
Fragen
PROLAS-Workshop, Aachen

23.09.2005 - H.-D. Hoffmann
Laser for materials processing
Sino-German Workshop, Peking,
China

23.09.2005 - S. Kaierle
Vermessung der Phasengrenze
bei der Laserstrahlmaterialbear-
beitung
Jahresveranstaltung der Gesell-
schaft zur Förderung der ange-
wandten Informatik (GFaI), Berlin

25.09.2005 - G. Ligbado
Coloured marking inside glass 
by laser radiation
SPIE Europe Symposium »Optics /
Photonics in Security & Defence«,
Brügge, Belgien

27.09.2005 - A. Olowinsky 
Verfahrenstechnik und Anfor-
derungen an die Produktgestal-
tung für das Kunststoffschweißen
mit Laser
Technologieseminar »Kunststoff-
schweißen mit Laser«, Freudenstadt

17.10.2005 - R. Poprawe
Partner der Innovatoren
IHK und Industrieclub, Düsseldorf

25.10.2005 - A. Gillner
Laserbasierte Techniken für
Rapid Tooling und funktionale
Oberflächenstrukturierung
Workshop Mikrobearbeitung,
Chemnitz

25.10.2005 - M. Nießen
Methoden zur Diagnose und
Simulation der Laser-Fertigungs-
verfahren
Firmenpräsentationen aisprocess,
Aachen

30.10.2005 - D. Petring
The combi-head: truly flexible
laser processing by cutting and
welding in a single machine
with a single tool
24th International Congress on
Applications of Lasers & Electro-
Optics, ICALEO 2005, Miami, FL,
USA

01.11.2005 - R. Poprawe
Development trends of high
power diode lasers and resulting
perspectives for applications
24th International Congress on
Applications of Lasers & Electro-
Optics, ICALEO 2005, Miami, FL,
USA

01.11.2005 - A. Weisheit
Local laser heat treatment 
of ultra high strength steels 
to improve formability
1st International Conference on
Super High Strength Steels, Rom,
Italien

02.11.2005 - R. Poprawe
Fraunhofer ILT - Partner 
der Innovatoren
Besuch Minister Pinkwart, 
Fraunhofer ILT, Aachen

03.11.2005 - S. Kaierle
Advantages of coaxial high
power lighting for visualization,
monitoring and control of laser
materials processing
24th International Congress on
Applications of Lasers & Electro-
Optics, ICALEO 2005, Miami, FL,
USA

07.11.2005 - A. Gillner
Taylored hole drilling with laser
radiation - from process simu-
lation to production integration
Laser drilling workshop, Connec-
ticut Center for Advanced Techno-
logies Inc. (CCAT), Hartfort, USA

09.11.2005 - A. Gasser
Lasereinsatz im Werkzeug- 
und Formenbau für Mikroteile -
Anwendungspotentiale und 
Praxisbeispiele
Fachtagung Mikrospritzguss und
Mikroformenbau zum Anfassen,
Würzburg
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10.11.2005 - A. Weisheit
Multifunktionale Gradienten-
werkstoffe für den Werkzeugbau
2. WING-Konferenz, Aachen

14.11.2005 - D. Petring
Laserstrahlschneiden und 
-schweißen: Grundlagen für 
die Anwendung
Aachener Laserseminar »Innovative
Laserschneid- und Laserschweißpro-
zesse für die Materialverarbeitung«,
Fraunhofer ILT, Aachen

14.11.2005 - F. Schneider; 
D. Petring
Aktuelle Fortschritte und 
on-line Prozessüberwachung
beim Laserstrahlschneiden
Aachener Laserseminar »Innovative
Laserschneid- und Laserschweißpro-
zesse für die Materialverarbeitung«,
Fraunhofer ILT, Aachen

14.11.2005 - C. Benter
Wärmeleitungs- und Tief-
schweißen mit Hochleistungs-
Diodenlasern
Aachener Laserseminar »Innovative
Laserschneid- und Laserschweißpro-
zesse für die Materialverarbeitung«,
Fraunhofer ILT, Aachen

14.11.2005 - F. Fuhrmann
Laser-Lichtbogen Hybrid-
schweißen: Stand der Technik
und aktuelle Fortschritte
Aachener Laserseminar »Innovative
Laserschneid- und Laserschweißpro-
zesse für die Materialverarbeitung«,
Fraunhofer ILT, Aachen

14.11.2005 - F. Schneider
Flexible Fertigung von 
Blechbaugruppen: effizient
Laserstrahlschweißen und 
-schneiden mit dem Kombikopf
Aachener Laserseminar »Innovative
Laserschneid- und Laserschweißpro-
zesse für die Materialverarbeitung«,
Fraunhofer ILT, Aachen

14.11.2005 - R. Poprawe
Werden die Computerchips der
Zukunft mit »Aachener Licht«
gemacht?
Lions Club Aachen, Aachen

15.11.2005 - I. Fliegen 
Qualitätskontrolle in der 
Großserienfertigung von 
Automobilkomponenten
Aachener Laserseminar »Online-
Qualitätssicherung in der Laserfüge-
technik und effizientes Laserstrahl-
schweißen durch Nahtfolge und
Nahtinspektion«, Fraunhofer ILT,
Aachen

15.11.2005 - P. Abels 
Prozessüberwachung 
für die Materialbearbeitung 
mit Laserstrahlung
Aachener Laserseminar »Online-
Qualitätssicherung in der Laserfüge-
technik und effizientes Laserstrahl-
schweißen durch Nahtfolge und
Nahtinspektion«, Fraunhofer ILT,
Aachen

15.11.2005 - C. Johnigk 
Entschichten mit Laserstrahlung
OTTI-Profiforum »Entschichten 
in der Oberflächentechnik«,
Regensburg

16.11.2005 - L. Boeske
Nahtfolge und Nahtinspektion -
Grundlagen und Anwendungs-
beispiele
Aachener Laserseminar »Online-
Qualitätssicherung in der Laserfüge-
technik und effizientes Laserstrahl-
schweißen durch Nahtfolge und
Nahtinspektion«, Fraunhofer ILT,
Aachen

16.11.2005 - A. Gillner
Laserabtrag zur Herstellung 
von Mikrowerkzeugen
Aachener Laserseminar »Laser 
im Werkzeug- und Formenbau«,
Fraunhofer ILT, Aachen

16.11.2005 - K. Wissenbach
Lasereinsatz in der Werkzeug-
technik - Ein Überblick
Aachener Laserseminar »Laser 
im Werkzeug- und Formenbau«,
Fraunhofer ILT, Aachen

16.11.2005 - C. Johnigk, 
E. Willenborg
Reinigen und Polieren von
Werkzeugen mit Laserstrahlung
Aachener Laserseminar »Laser 
im Werkzeug- und Formenbau«,
Fraunhofer ILT, Aachen

16.11.2005 - A. Weisheit
Reparaturbeschichten von 
Werkzeugen und Herstellung
von Funktionsschichten mit
Laserstrahlung
Aachener Laserseminar »Laser 
im Werkzeug- und Formenbau«,
Fraunhofer ILT, Aachen

17.11.2005 - A. Gillner
Laserstrahlquellen für 
die Präzisionsbearbeitung
Aachener Laserseminar »Laser-
verfahren in der Medizintechnik«,
Fraunhofer ILT, Aachen

17.11.2005 - M. Poggel
Laserstrahlfügen medizin-
technischer Kunststoffbauteile
Laser und Kunststoff - eine feste
Verbindung
Aachener Laserseminar »Laser-
verfahren in der Medizintechnik«,
Fraunhofer ILT, Aachen

17.11.2005 - M. Wehner
Mikrostrukturierung und 
Oberflächenfunktionalisierung
von Kunststoffbauteilen für 
die Medizintechnik
Aachener Laserseminar »Laser-
verfahren in der Medizintechnik«,
Fraunhofer ILT, Aachen

17.11.2005 - A. Gillner
Laserverfahren in der Medizin-
technik - Etabliert und trotzdem
nicht abgehakt, Ideen für die
Zukunft
Aachener Laserseminar »Laser-
verfahren in der Medizintechnik«,
Fraunhofer ILT, Aachen

17.11.2005 - A. Gasser
Laser cladding for mould 
applications
Expolaser 2005, Piacenza, Italien

22.11.2005 - R. Poprawe
Faserlaser für Messtechnik 
und Materialbearbeitung
Faserlaserworkshop, Fraunhofer-
Institut für Werkstoff- und Strahl-
technik IWS, Dresden

25.11.2005 - T. Mans, C. Wessling
Laser in der Zahnheilkunde
AGLAC, Fraunhofer ILT / Aditec,
Aachen 

30.11.2005 - S. Kaierle
Autonome Laserbearbeitung
Abschlusskolloquium SFB 368
»Autonome Produktionszellen«,
WZL RWTH Aachen, Aachen

14.12.2005 - S. Kaierle
Process control in heavy 
section welding for ship building
applications
IIW Meeting Workgroup 
Shipbuilding, Hamburg

14.12.2005 - R. Noll
Laser explosives detector - 
stand-off detection of surface
contaminations with explosives
residues using laser spectroscopic
methods
NATO Advanced Research 
Workshop, Pfinztal

Lectures 



11.04. - 15.04.2005
Hannover
Hannover Messe 2005
International industry fair
The micro technology department
of the Fraunhofer ILT exhibited at
the joint stand hosted by IVAM. ILT
topic: Lasers in micro technology. 

26.04. - 29.04.2005
Sinsheim
Microsys
2nd Convention Trade Fair for
Microsystems Technology and 
Ultra-Precision Manufacturing
The micro technology department
of the Fraunhofer ILT was one of
the exhibitors. ILT topic: Lasers in
micro technology.

29.04. - 04.05.2005
Cologne
INTERZUM
International trade fair for furniture
production and indoor construction
The Coopération Laser Franco-
Allemande CLFA was one of the
exhibitors. CLFA topic: Laser-assisted
sewing.

13.06. - 16.06.2005
Munich
LASER 2005. World of Photonics
and World of Photonics 
Congress 2005
International trade show and 
international congress
The Fraunhofer ILT was present at
the joint Fraunhofer stand. ILT
topics: Made-to-measure innovative
laser beam sources, innovative 
processing systems (combined 
processing head for cutting and
welding, scanner for robot-assisted
remote processing), modeling and
simulation software for laser mate-
rial processing (cutting and drilling),
Shadow® plant for optimal joining
of precision components, helical
drilling optics for precision laser
drilling.

12.09. - 17.09.2005
Essen
Schweissen & Schneiden 2005
16th world fair for joining, 
separating and coating
The cutting and joining department
of the Fraunhofer ILT was present 
at the stand of Severt GmbH. ILT
topic: Combined processing head in
a robot cell for 3-dimensional cutt-
ing and welding without retooling.

14.09. - 21.09.2005 
Hannover
EMO Hannover 2005
The world’s leading industrial 
technology exhibition
The cutting and joining department
of the Fraunhofer ILT was present 
at the Rofin Group stand. ILT topic:
Combined processing head fiber-
linked with a 3-kW disk laser for
robot-guided cutting und welding
without retooling.

18.10. - 20.10.2005
Essen
parts2clean
Trade fair for industrial parts clean-
ing and drying
The cutting and joining department
of the Fraunhofer ILT was present 
at the joint Fraunhofer stand. ILT
topic: Laser cleaning technology.

13.11. - 16.11.2005
Chicago
FABTECH International
The cutting and joining department
of the Fraunhofer ILT was present 
at the stand of Visotek Inc. 
ILT topic: Combined processing
head for 3-dimensional cutting 
and welding without retooling.

14.11. - 18.11.2005
Paris
EUROPLAST
13° Salon International des 
Plastiques, du Caoutchouc et des
Matériaux Composites
The Coopération Laser Franco-Alle-
mande CLFA shared an exhibition
booth with inno-shape GmbH, a
Fraunhofer ILT spin-off. CLFA topic:
Applications for plastics welding
and for a selective laser melting
process.

15.11. - 18.11.2005
Munich
Productronica
International trade fair for the 
electronics manufacturing industry
The micro technology department
of the Fraunhofer ILT was one of
the exhibitors. ILT topic: Lasers in
micro technology.
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13.01.2005
Chair for Laser Technology 
LLT at RWTH Aachen 
Lecture in association with the
RWTH Colloquium on Laser
Technology
Prof. F. Krausz, Max-Planck-Institut
für Quantenoptik, Garching
»Attosekundenphysik: Ein Blick ins
Innere der Atome«

20.01.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with the
RWTH Colloquium on Laser
Technology
Dr. T. Tschentscher, DESY, Hamburg
»X-ray free-electron lasers: New
light for new science«

27.01.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser
Technology
Prof. C. Fotakis, IESL, F.O.R.T.H.,
Heraklion, Greece
»Novel aspects of materials pro-
cessing by ultrafast lasers: From
Electronic to biological and art 
conservation applications«

13.04.2005
Plymouth, Michigan, USA
»Open house CLT«
Laser technology was the predo-
minant topic on open day at the
Center for Laser Technology in 
Plymouth, Michigan. The center
opened its doors to the public
during the Automotive Laser 
Applications Workshop ALAW.

Over 100 visitors from research,
industry and the media were able
to learn about the center’s latest
research findings. The CLT staff
were on hand to answer questions
from their international guests. 
Live demonstrations were given of
robot-guided remote welding with
a 6-kW CO2 laser, and of a specially
developed scanner head capable 
of producing 250 welds per minute.

Microtechnology applications for
marking, welding and hardening
were demonstrated. A 25 W fiber
laser, linked with a 2D scanning
system, impressively showed the
wide variety of possible colors on
titanium during a marking process.

The flexibility of glass fiber guided
diode lasers was another key topic.
The plastic bonding, hardening,
bending and paint removing pro-
cesses were carried out using a 
250 W laser in a single continuous
process. Glass panels were welded
at the CLT with the aid of a 100 W
sealed CO2 laser.

A further attraction was the presen-
tation of a fiber laser with flexible
pulse parameters. Its applications in
microtechnology include ablation,
drilling and welding. The structure
of optical systems was illustrated by
a computerized animation.

14.04.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser
Technology
Prof. J. Meyer-ter-Vehn, Max-
Planck-Institut für Quantenoptik,
Garching
»Relativistische Laserplasmen und
Teilchenbeschleunigung«

28.04.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser
Technology
Prof. D. N. Payne, Optoelectronics
Research Centre, University of 
Southampton, Southampton, UK
»Fiber and planar waveguide
lasers«

29.04.2005, Brussels
18th seminar of the »Aix Laser
People«
Alumni club meeting of the Fraun-
hofer ILT and the Chair for Laser
Technology LLT, featuring a guided
tour of the European Parliament led
by European MP Armin Laschet and
a visit to the VDI’s EU office with 
a lecture by Dr. Jörg Niehoff of the
VDI Brussels office on »The German
engineers’ lobby in Brussels« and 
a lecture by Professor Reinhart
Poprawe, Fraunhofer ILT, on 
»Photonics to benefit Europe«. 
Dr. Rainer Zimmermann, head 
of the European Commission’s
»Nanoelectronics and Photonics«
department, gave the participants 
a glimpse behind the scenes of 
the EU agency with his talk on
»Chains of communication and
program planning in the European
Commission - a book with seven
seals?«.

02.05.2005, Aachen
Unihits for Kids
Forum organized by the Chair 
for Laser Technology LLT and the
Fraunhofer ILT to give advice on
scientific careers to students at the
Gymnasium Filder Benden, Moers.

09.05.2005, Aachen
Aachen Laser Seminar 
»Drilling with laser radiation«
Seminar organized by Carl Hanser
Publishers, Munich in association
with the Fraunhofer Institute 
for Laser Technology ILT, Aachen.
Additional information:
www.aachenerlaserseminare.de

10.05. -11.05.2005, Aachen
Aachen Laser Seminar »Laser
processing in the fields of 
precision engineering and
microtechnology - Joining and
structuring with precision«
Seminar organized by Carl Hanser
Publishers, Munich in association
with the Fraunhofer Institute for
Laser Technology ILT, Aachen.
Additional information:
www.aachenerlaserseminare.de

12.05. -13.05.2005, Aachen
Aachen Laser Seminar »Laser
processing of plastics: a multi-
faceted technology - welding,
structuring, cutting, marking«
Seminar organized by Carl Hanser
Publishers, Munich in association
with the Fraunhofer Institute 
for Laser Technology ILT, Aachen.
Additional information:
www.aachenerlaserseminare.de

02.06.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser 
Technology
Dr. C. Rullière, CEA/CESTA, 
Le Barp, France
»The Laser Megajoule: Design and
progress«

09.06.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser
Technology
Prof. K.-I. Ueda, University of Elec-
tro-Communications, Tokyo, Japan
»What is the real potential of cera-
mic lasers?«

15.06.2005, Munich
19th seminar of the »Aix Laser
People«
the alumni club of the Fraunhofer
ILT and the Chair for Laser Techno-
logy LLT, with a stage debate on 
the topic of »Living and working 
in Switzerland«. Participants in 
the debate:
- Dipl.-Phys. Georg Endler, 

TERGON GmbH Ergo Chair 
Factory, Montet (CH)

- Dr.-Ing. Joachim Kubaink, 
RUAG Electronics, Bern (CH)

- Dr. Joachim Hertzberg, LASAG 
AG, Thun (CH)

- Dipl.-Ing. Oliver Hinz, Leister 
Process Technologies, 
Kägiswill (CH)

- Dr. Jochen Stollenwerk, formerly 
TRUMPF Laser Marking Systems 
AG, Grüsch (CH)

- Dipl.-Phys. Axel Bauer, 
Fraunhofer ILT (who chaired 
the debate). 
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23.06.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with the
RWTH Colloquium on Laser 
Technology
Prof. R. Steiner, Universität Ulm, ILM
»Perspektiven der Laseranwen-
dungen in der diagnostischen und 
therapeutischen Medizin«

30.06.2005
Evry, France
Journée Industrielle Laser & 
Poudre
The annual laser conference of the
French Club Laser & Procédés was
hosted by the CLFA this year. From
June 8 to 10, 2005, nearly 100
laser manufacturers, users and 
researchers from all over France
met to exchange notes at the École
des Mines de Paris. The main topic
of this year’s symposium was laser
applications for thin materials. At 
a panel discussion on the European
Research Area, the upcoming issues
in the field of photonics were 
discussed with experts from the
French research ministry, the 
German embassy in Paris, the VDI
and the European Laser Institute. 
A visit to the production facilities 
of the aviation company Dassault
rounded off the day.

06.09. - 09.09.2005, Aachen
Euro-Mediterranean Symposium
on Laser-Induced Breakdown
Spectroscopy - EMSLIBS 2005
The third EMSLIBS 2005 - a biennial
international symposium on the
subject of laser-induced breakdown
spectroscopy (LIBS) - was held in
Germany for the first time in 2005
at the Fraunhofer Institute for Laser
Technology. The main emphasis of
the symposium was on LIBS appli-
cations for industrial and security
applications. The event began 
with a well-attended introductory
meeting for interested representa-
tives of research and industry. The
roughly 100 participants were given
a broad survey of the issue in three
lectures, addressing the physics 
of LIBS plasma, the equipment
necessary for LIBS experiments, and
the potential applications of LIBS. 

The symposium itself, which took
place over the next three days, was
attended by about 140 people. The 
current research findings and LIBS
applications were presented and
discussed in nine blocks of lectures
and a poster session. 

All in all, 46 lectures - 9 of them 
by specially invited speakers - and
61 poster presentations were held.
The conference was opened by 
Dr. Dieter Sommer, head of the
chemical laboratories at Thyssen
Krupp Stahl AG. Two sessions 
focused on LIBS for industrial appli-
cations, for example the online 
analysis of metal founding or the
sorting of scrap aluminum and
minerals. Other sessions addressed
basic aspects of LIBS, such as LIBS
with femtosecond lasers, dual 
pulses or combined techniques. 

A further emphasis was placed 
on LIBS applications for security
applications such as the detection
of explosives - even over long
distances - and the identification 
of land mines. A highlight of the
event was a tour of the ILT’s LIBS
aluminum scrap sorting plant,
which has been set up for trial 
operations on the facilities of
RWTH Aachen University.

20 companies took part in an in-
dustrial exhibition held concurrently
with the conference. The various
events were attended by about 
180 people altogether, almost 
twice as many as at EMSLIBS 2003.
This underscores the growing inte-
rest in LIBS on the part of industry
and research.

EMSLIBS 2005 was backed by
numerous sponsors and the follo-
wing institutions: DFG, ARL-ERO,
NATO and the Fraunhofer-Gesell-
schaft.

A collection of papers from the
conference, which are subject to
customary peer review, will be
published by Springer in the peri-
odical »Analytical and Bioanalytical
Chemistry« in May 2006.

More information at:
http://www.ilt.fraunhofer.de/
emslibs2005/.

20.10.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser
Technology
Dr. N. Lichtenstein, Bookham Tech-
nology plc., Zürich, Switzerland
»High brightness laser diodes«

20.10.2005
Chair for Laser Technology LLT 
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser
Technology
Prof. D. Bohn, RWTH Aachen, 
Institut für Gas- und Dampfturbinen
»Innovative Technologien für 
ein GuD-Kraftwerk mit einem 
Wirkungsgrad über 65%«

21.10.2005, Aachen
20th seminar of the »Aix Laser
People«
Alumni club meeting of the Fraun-
hofer ILT and the Chair for Laser
Technology LLT. Lectures were held
by Dr. Konstantin Boucke of the
Fraunhofer ILT on the topic of
“New developments in the field of
laser components at the Fraunhofer
ILT” and by Dipl.-Ing. Volker Krause
from the Laserline Gesellschaft für
Entwicklung und Vertrieb von
Diodenlasern GmbH in Mülheim on
the subject of »Laserline – diode
lasers for manufacturing technolo-
gy«. Afterwards, members toured
the facilities of CEROBEAR GmbH in
Herzogenrath.

03.11.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser
Technology
Prof. I. Miyamoto, Osaka University,
Japan
»Recent status of laser materials
processing in Japan«

10.11.2005
Chair for Laser Technology LLT 
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser 
Technology
Prof. D. R. Hall, Heriot Watt 
University, Edinburgh, UK
»Planar waveguide architecture 
for high average power solid state
lasers«

14.11.2005, Aachen
Aachen Laser Seminar »Innova-
tive laser cutting and welding
processes for metal processing«
Seminar organized by Carl Hanser
Publishers, Munich in association
with the Fraunhofer Institute for
Laser Technology ILT, Aachen.
Additional information:
www.aachenerlaserseminare.de

15.11. - 16.11.2005, Aachen
Aachen Laser Seminar »Online
process monitoring in the field
of laser joining technology« 
and »Efficient laser beam 
welding by seam control and
seam inspection«
Seminar organized by Carl Hanser
Publishers, Munich in association
with the Fraunhofer Institute 
for Laser Technology ILT, Aachen.
Additional information:
www.aachenerlaserseminare.de

16.11.2005, Aachen
Aachen Laser Seminar »Lasers 
in toolroom«
Seminar organized by Carl Hanser
Publishers, Munich in association
with the Fraunhofer Institute for
Laser Technology ILT, Aachen.
Additional information:
www.aachenerlaserseminare.de
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17.11.2005, Aachen
Aachen Laser Seminar 
»Lasers in the field of medical
technology«
Seminar organized by Carl Hanser
Publishers, Munich in association
with the Fraunhofer Institute 
for Laser Technology ILT, Aachen.
Additional information:
www.aachenerlaserseminare.de

17.11.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser
Technology
Dr. R. Wünsch, Forschungszentrum
Rossendorf
»Der Rossendorfer Freie-Elektronen
Laser an der Strahlungsquelle ELBE«

24.11.2005, Aachen
Unihits for Kids
Forum organized by the Chair 
for Laser Technology LLT and the
Fraunhofer ILT to give advice on
scientific careers to students at 
the Franz-Meyer-Gymnasium, 
Mönchengladbach.

01.12.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser
Technology
Prof. T. Elsässer, Forschungsverbund
Berlin e. V.
»Vom fernen Infrarot bis in 
den Röntgenbereich - Erzeugung 
und Anwendung ultrakurzer 
Lichtimpulse« 

08.12.2005
Chair for Laser Technology LLT
at RWTH Aachen 
Lecture in association with 
the RWTH Colloquium on Laser
Technology
Dr. A. Voß, Universität Stuttgart,
Institut für Strahlwerkzeuge
»Der Scheibenlaser: Stand der 
Technik und Perspektiven« 

16.12.2005, Aachen
Unihits for Kids
Forum organized by the Chair 
for Laser Technology LLT and the
Fraunhofer ILT to give advice on
scientific careers to students at the
Otto-Hahn-Gymnasium, Monheim
am Rhein.

22.12.2005, Aachen
21st seminar of the »Aix Laser
People«
Alumni club meeting of the Fraun-
hofer ILT and the Chair for Laser
Technology LLT. Lectures were held
by Dipl.-Ing. Gerhard Backes of the
Chair for Laser Technology LLT on
the topic of »Activities of the Chair
for Laser Technology in the field 
of surface technology« and by Dr.
Christoph Over from the inno-shape
GmbH in Aachen on the subject 
of »inno-shape GmbH - innovative
services in the field of rapid proto-
typing and rapid manufacturing«.
Afterwards, members toured the
facilities of inno-shape GmbH.
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»Your partner for innovation«
(German/English)
This brochure provides a concise over-
view of the Fraunhofer ILT. In addition
to presenting a summary of European
R&D projects conducted by the ILT, the
brochure also contains a short profile
of the institute as well as a list of refe-
rence customers.

»Services and Contacts 2006/7« 
(German/English)
This brochure gives an overview of 
current services offered and contacts
within the Institute. It also introduces
focal points of each division of the
Fraunhofer ILT.

Annual Report 2005
(German/English)
The annual report presents a compre-
hensive look at the R&D activities of
the Fraunhofer ILT for the respective
business year. Lists of scientific publi-
cations and lectures as well as patents,
dissertations, conferences and trade
fairs are also included. The English ver-
sion can only be found on our website
at: www.ilt.fraunhofer.de.

Proceedings of the Aachen Collo-
quium for Laser Technology AKL’04
The technical proceedings of the
Aachen Colloquium for Laser Techno-
logy AKL’04 (April 28-30, 2004) 
contains reports from 34 laser manu-
facturers and users outlining the latest
developments and technology trends
in industries such as optics, automobile,
metal production, tool and die making,
electrical and electronic engineering,
plastics and glass. Practical case studies
highlight various laser processes such
as laser metrology, laser microengineer-
ing, laser beam welding/cutting and
laser surface technology. 

Proceedings of the AKL’04 Laser
Business Conference
The proceedings of the Laser Business
Conference, which took place on
28.04.04 in Aachen with a panel of
ten experts in financial services, tech-
nology marketing, intellectual property
rights and business consulting, are
addressed primarily toward managers
of expanding high-tech firms and 
newly established small companies.
The publication provides a succinct
overview of the emerging trends and
opportunities offered by laser techno-
logy in production engineering, com-
munication engineering and medical
engineering. At the same time, it also
sheds light on many financial, legal
and marketing questions confronting
businesses at various stages of their evo-
lution. 

Programme of the Aachen Collo-
quium for Laser Technology AKL’06
03. - 05. May 2006. The programme 
for AKL’06 can be obtained by calling
+49 (0)241/8906-109 (fax -121) 
or via Internet at
www.ilt.fraunhofer.de/akl06.

Technical Brochure »High-Power
Diode Lasers« (German only)
This technical brochure outlines the
various development activities of the
Fraunhofer ILT in the area of high-
power diode lasers. Included are
developments such as the design of
special components for laser cooling,
diode laser bar packaging, diode laser
burn-in characterization and the optical
design and development of complete
diode laser modules.
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Technical Brochure »LASIM® -
Laser Simulator for Training« 
(German/English)
This technical brochure gives an 
overview of the advantages of using
multimedia software to train laser
users and students. It introduces the
application fields, program contents
and the system demands of the LASIM®

software. This was developed at the
Fraunhofer ILT for the training of laser
welding and cutting. The LASIM® CD
ROM with corresponding program
instructions is available at the Fraunhofer
ILT.

Technical brochure »Laser Tech-
nology for Surface Modification
and Forming« (German only)
This technical brochure provides an
overview of how lasers are employed
in the area of surface modification and
forming. Included are processes such
as deburring, melting and forming,
polishing, roughening, structuring and
activation, re-crystallization, annealing
and fine pearlitizing.

Technical brochure »Laser 
Technology for Wear and Corrosion 
Protection« (German only)
Wear and corrosion protection can be
created by various laser processes. This
technical brochure provides insights
into processes such as martenistic sur-
face hardening, remelting, deposition
welding, alloying and dispersion.

Technical Brochure: »Laser Beam
Deposition Welding« (only German)
This technical brochure provides an
introduction to the processes and
systems used in laser beam deposition
welding. It also elucidates the differen-
ces between conventional powder
feed nozzles and those used in laser
beam deposition welding.

Technical Brochure: »Rapid Proto-
typing and Rapid Manufacturing 
of Metal Parts« (only German)
This brochure describes the selective
laser melting process developed at the
Fraunhofer ILT which enables complex
metal parts to be manufactured directly
from 3D CAD data. It also provides
examples of applications of the laser
beam generation technique.

Technical Brochure: »Lasers in
Microstructuring« (German/English)
This technical brochure describes 
processes such as laser ablation, 
precision cutting, drilling and laser-
assisted microforming.

»Laser Ablation, 
Cleaning and Marking«
This technical brochure outlines 
the advantages of the different laser
processes and the wealth of potential
applications.

»Systems and Equipment 
for Laser Materials Processing«
This technical brochure highlights the
systems engineering solutions available
to Fraunhofer ILT customers. They
encompass the planning, development
and installation of complete laser 
facilities and process monitoring and
control systems, complemented by fea-
sibility studies, training and education
seminars and consulting services.

»Quality Assurance in Laser Materi-
als Processing«
This technical brochure explains the
potential for process monitoring and
control in laser materials processing. It
also outlines the services available from
the Fraunhofer ILT for the development
of such monitoring systems.
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Technical Brochure: 
»Lasers in Mounting and Connecting
Techniques« (German/English) 
This technical brochure gives an over-
view of the use of laser technology in
mounting and connecting techniques.
Micro joining processes such as laser
beam bonding and laser beam solder-
ing are demonstrated. 

Technical Brochure: »Lasers 
in Plastics and Paper Processing«
(German/English)
This technical brochure describes the
use of lasers in the processing of plastics,
composite materials, paperand glass.

Technical Brochure: »Lasers in Life
Science« (German/English)
This technical brochure deals with
applications of laser technology in
medical engineering. It also describes
the use of lasers as tools in microreac-
tion processes and biotechnology.

Technical Brochure: »Material 
Analysis and Identification with
Laser Radiation« (German/English)
This technical brochure describes the
processes and systems for analyzing
the composition of materials with laser
radiation, which were developed at the
Fraunhofer ILT. The initial testing of 
different materials, testing for mixed
products, sorting of materials as well
as online analysis of melting problems
can be solved quickly and reliably with
the laser.

Technical brochure »Surfaces and
Layer Analysis« (only German)
The technical brochure offers an over-
view of the present measuring methods
for surface analysis at the Fraunhofer
ILT and the LLT at the RWTH Aachen.
This includes different spectroscopy
processes, the ellipsometer and metallo-
graphic measuring methods.

»Laser Technology Courses 
at RWTH Aachen«
Information brochure 2004/2005
This brochure summarizes the laser
technology courses available at RWTH
Aachen in the 2004/2005 academic
year and is designed specifically for 
students of mechanical and electrical
engineering as well as physics. The 
brochure details the courses and lectures
on laser technology available to students
within their major field of study that are
taught by the individual RWTH chairs
under the auspices of the Fraunhofer ILT.

Information Brochure »Networks 
of Competence« (German/English)
»Networks of Competence« was set
up on the initiative of the BMBF and
serves as an international marketing
instrument and presentation showcase
for the most highly skilled networks of
competence in Germany. Its Internet
portal, at: www.kompetenznetze.de,
with its efficient search engine and
many useful links, provides an ideal
information source and communica-
tion platform for individuals and orga-
nizations in Germany and elsewhere
looking for information and potential
working partners.

Information Brochure »European
Laser Institute ELI« (only English)
This brochure provides information on
the European network of recognized
centers of R&D in laser technology
coordinated by the Fraunhofer ILT. 
The members of this network have set
themselves the goal of making existing
laser know-how in Europe accessible
to all interested parties in industry 
and science. The project is sponsored
by the European Commission. Further
information can also be found at:
www.europeanlaserinstitute.org.

Product and Project Data
Descriptions of projects from the
Fraunhofer ILT annual reports and 
specific product information can be
downloaded from our website at:
www.ilt.fraunhofer.de.
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»Laser technology for manufac-
turing« by Reinhart Poprawe              

Principles, prospects and examples 
for the innovative engineer.

Applied laser technology is too wide-
ranging a topic to be covered in a
single volume. For this reason, the
book places special emphasis on laser
technology as used in manufacturing
applications, particularly present-day
machining processes used in produc-
tion technology. The phenomena
occurring in laser-based materials pro-
cessing are quantified by formulae and
illustrated with corresponding models
that are readily understood by the 
trained engineer or physicist. These
basic principles enable the different
types of machining operations to be
systematically characterized, permitting
the various applications to be illustra-
ted using a common scientific basis. 
Of more practical significance are the
processes described for various machin-
ing operations, which explain in simple
terms the basic principles and key
quantitative interrelationships between
the process parameters. The numerous
examples are intended to spark the
reader’s creativity and help to inspire
new applications.

Contents
Introduction, behavior of electromag-
netic radiation at interfaces, absorption
of laser radiation, energy transfer and
thermal conduction, thermomechanics,
phase transformation, melting pool
flows, laser-induced ablation, plasma
physics, laser radiation sources, surface
technologies, forming, rapid prototyp-
ing, rapid tooling, joining, ablation and
drilling, cutting, systems engineering,
laser measuring technologies.
Appendices: A: optics, B: continuum
mechanics, C: laser-induced ablation,
D: plasma physics, E: explanation 
of symbols and constants, F: color 
images, index

2005. XVII, 526 pages, 353 illustrations
(VDI publication), ISBN 3-540-21406-2

The book can be ordered from:

Springer Kundenservice
Haberstraße 7
69126 Heidelberg
Telefon: ++49 (0)6221/345 -0
Fax: ++49 (0)6221/345 -4229
SDC-bookorder@springer-sbm.com
www.springer.de
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Video »Laser - the Extraordinary
Light for Material Processing« 
(German/English)

This training video was made at the
Bergische Universität – Gesamthoch-
schule Wuppertal in cooperation with
the VDI-Technologiezentrum in Düssel-
dorf, the Fraunhofer ILT and other laser
centers and companies and a new pro-
duction was made in 2000. It delivers
an overview of all important laser
machining processes and was specially
made for use at colleges, universities,
technical colleges, vocational schools
and internal company training. This
especially applies to manufacturing
engineering courses of study. The VHS
video is 42 minutes long and is avail-
able in both English and German from
the Bergische Universität - Gesamt-
hochschule Wuppertal, Fachbereich D,
Abteilung Maschinenbau. 

Contact:
Prof. Helmut Richter
Phone: ++49 (0)202 / 439 -2042
richterh@uni-wuppertal.de

CD-Rom »Laser Technology« 
(German only)

This CD-ROM is a collection of graphics,
pictures and videos from the lectures
Laser Technology I and II by Prof. 
Dr. rer. nat. Reinhart Poprawe M.A.
and a new revised version was produced
in 2003. 

It was produced by the Department 
for Laser Technology LLT in the machine
faculty at the Technical University
Aachen RWTH in close cooperation
with the Fraunhofer Institute for Laser
Technology ILT. 

It contains the basics of laser technology
as well as physical and technical pro-
cesses for modern manufacturing pro-
cesses. Furthermore, the current state
of economic use of laser and industrial
applications is demonstrated in nume-
rous examples. 

The program runs using Acrobat Reader
5.0 on computers with Microsoft 
Windows 95 OSR 2.0, Windows 98 SE,
Windows Millenium Edition, Windows
NT 4.0 with Service Pack, Windows
2000, Windows XP and MacOSX 
(64 MB Ram (random access memory)
as well as 30 MB free fixed-disk storage).

The printing and use of unaltered 
graphics and pictures is only allowed
for educational purposes.

Further information and order forms
for the CD-ROM »Laser Technology«
are available through the laser 
technology association AKL e.V., 
Steinbachstraße 15, 52074 Aachen.

Contact:
Diana Heinrichs
Phone: ++49 (0)241 / 8906 -122
Fax: ++49 (0)241 / 8906 -112
heinrichs@ilt.fraunhofer.de
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Multimedia Software LASIM®

(German/Englisch)

LASIM® is a multimedia training 
program for laser cutting and welding.
The combination of text, pictures,
sound and animation within the multi-
media software has opened new 
horizons in laser training. In the theo-
retical part of the curriculum, compli-
cated processes and models are vividly
presented. This contributes to a better
understanding of the material. In the
practical part of the training, nume-
rous experiments can be made through
simulations. The user can personally
set the process parameters without
causing problems in the real laser
system.

By installing several computer worksta-
tions, personnel costs can be reduced.
Furthermore, the multimedia program
is suited for private study. The laser
user is able to work on experiments on
the virtual system at any time. 

Multimedia technology ideally supple-
ments practical training on real laser
systems. In the initial phase, the exer-
cises are conducted at a beginner level.
In the following phases, the user is
able to use the knowledge acquired to
solve concrete problems on real laser
systems.

The advantages of using multimedia
software for training of specialists and
students are obvious:
• Visualization of complex correlations

and process development
• Simulation of a real laser workstation
• Ability to carry out experiments on 

virtual systems with evaluation of 
results

• Unlimited availability and no risk 
from operator error

• Low support costs and suitability 
for private study

• Interactive theoretical and practical 
exercises to strengthen knowledge

The software LASIM® is obtainable
from the Fraunhofer Institute for Laser
Technology in both German and
English. Current information and order
forms are available through the inter-
net site www.ilt.fraunhofer.de.

Contact:
Dr. Dirk Pertring
Phone: 49 (0) 241 / 8906 -210
Fax: 49 (0) 241 / 8906 -121
dirk.petring@ilt.fraunhofer.de
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Information-Service

Sender

_________________________________________
Last Name, First Name

_________________________________________
Company

_________________________________________
Division

_________________________________________
Address

_________________________________________
City/ZIP

_________________________________________
Phone 

_________________________________________
Fax

_________________________________________
E-mail

please fax to:
Fraunhofer ILT
Stefanie Flock
Fax: +49 (0) 241 / 8906 -121

If you would like more information
about the research and development
at the Fraunhofer Institute for Laser
Technology please go to our website 
at www.ilt.fraunhofer.de. Information
can also be ordered using this form.

Brochure: »Your partner 
for innovation«
German
English

Brochure: »Services and 
Contacts 2006/7« 
(German/English)

Annual Report 2005 
(English version only available 
online at www.ilt.fraunhofer.de)

Annual Report 2004 
(English version only available 
online at www.ilt.fraunhofer.de)

Annual Report 2003 
(English version only available 
online at www.ilt.fraunhofer.de)

Annual Report 2002 
(English version only available 
online at www.ilt.fraunhofer.de)

Proceedings of the Aachen 
Colloquium for Laser Technology 
AKL’04 (only German)

Proceedings of the Laser-
Business-Day of the AKL’04 
(only German)

Proceedings of the Aachen 
Colloquium for Laser Technology 
AKL’06 (only German)

Proceedings of the Technology
Business Day TBT’06 
(only German)

Technical Brochure: »Hochleis-
tungsdiodenlaser« (High-Power 
Diode Lasers) (only German)

Technical Brochure:
»LASIM® - Laser Simulator for 
Training«
German
English

Technical Brochure: »Lasertechnik 
für die Oberflächenmodifikation 
und das Umformen« (Laser Tech-
nology for Surface Modification 
and Forming) (only German)

Technical Brochure: »Lasertechnik 
für den Verschleiß- und Korrosions-
schutz« (Laser Technology for 
Wear and Corrosion Protection) 
(only German)

Technical Brochure:
»Laserstrahlauftragschweißen«
(Laser Beam Deposition Welding)
(only German)

Technical Brochure:
»Rapid Prototyping und Rapid 
Manufacturing für Metallbauteile«
(Rapid Prototyping and Rapid 
Manufacturing of Metal Parts) 
(only German)

Technical Brochure:
»Lasers in Microstructuring«
German
English

Technical Brochure:
»Laser Ablation, Cleaning and 
Marking« (only German)

Technical Brochure: »Systems and
Equipment for Laser Materials 
Processing« (only German)

Technical Brochure: »Quality 
Assurance in Laser Materials 
Processing« (only German)



Technical Brochure: »Lasers 
in Mounting and Connecting 
Techniques«
German
English

Technical Brochure: »Lasers in 
Plastics and Paper Processing« 
German
English

Technical Brochure: 
»Lasers in Life Science«
German
English

Technical Brochure: 
»Material Analysis and Identifi-
cation with Laser Radiation«
German
English

Technical Brochure: »Oberflächen-
und Schichtanalyse« (Surfaces 
and Layer Analysis) (only German)

Information Brochure:
»Laser Technology Courses at 
RWTH Aachen 2004/2005«

Information Brochure: 
»Networks of Competence«
(German/English)

Information Brochure: 
»European Laser Institute ELI« 
(only English)

CD-Rom »Lasertechnik« 
(Laser Technology) (only German)

Technical Book »Lasertechnik für
die Fertigung« (Laser Technology
for Manufacturing) (only German)

Multimedia Software LASIM®

German 
English
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