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1. Introduction 

This document accompanies the first edition of the BRIDLE project e-Newsletter. This is the first in a series of 

four planned e-Newsletter, which will be published approximately every nine months during the project. A brief 

overview of the contents is given in Section 2, followed by details of distribution and publication in Section 3. 

2. e-Newsletter Contents 

The first edition of the e-Newsletter was prepared during May 2013, with its distribution being delayed slightly 

to June 2013. This was as a result of the time taken to finalise the e-Newsletter design and for checking to ensure 

that no sensitive information was included. However, this design will now be used for all forthcoming e-

Newsletters, thereby creating a consistent project identity and also reducing the time required to typeset each 

edition. Additionally, a procedure is now in place for reviewing future content prior to typesetting. In summary, 

this edition contains the following items / articles:  

 Welcome from the project coordinator 

 Welcome from the editor 

 Introduction to the BRIDLE project 

 Aims, objectives and approach of the project 

 Advances, novelty and innovation of the project 

 List of the consortium members  

 Partner profile of DILAS Diodenlaser GmbH 

 Article “The Next generation of Diode Lasers” 

 Details about the project website and where to find out more 

 Advertisement for the High Power Diode Lasers & Systems Meeting 

A copy of the e-Newsletter is attached as an appendix to this document. It is also available for download at 

http://www.bridle.eu.  

3. e-Newsletter Distribution  

This first edition of the e-Newsletter was distributed on 18
th

 June 2013 to more than 550 people outside of the 

consortium. The distribution list was compiled from lists of partners‟ contacts and through web searches for 

appropriate recipients (e.g. scientific magazine / trade journal editors, lasers and photonics companies, laser and 

photonics research groups / labs, etc.). The e-Newsletter is also available for download from the project website, 

where users can also sign up to receive future editions by email. Please see http://www.bridle.eu and click on 

„Downloads‟ for more details.   

4. Summary 

This document has summarised all issues related to the preparation and publication of the first project e-

Newsletter. The second edition is planned for publication in February 2014 and will be reported in D8.5. Any 

feedback received on this first edition will also be reported in D8.5. 

http://www.bridle.eu/
http://www.bridle.eu/
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e-Newsletter Issue 1 

June 2013 

“Brilliant Industrial Diode Laser” 

What is BRIDLE? 

BRIDLE is a 3-year EC-funded project, which seeks to 

harness the power and efficiency of diode lasers to 

develop an affordable direct diode laser source for 

industrial applications requiring the cutting and welding 

of sheet metal. BRIDLE will develop a sequence of 

increasingly high brilliance demonstrators, each of 

which will target a specific industrial application. The 

final system will enable direct diode lasers to penetrate 

the lucrative metal processing market. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Read more about our aims and objectives on page 2 and 

turn to page 4 for an article which discusses how 

BRIDLE is addressing the challenges associated with 

developing the next generation of diode lasers. 

Welcome from the Coordinator! 

Dear Reader,  

 

 

 

 

 

 

From their early beginnings, through the telecoms 

revolution and the rise of the internet, diode lasers are 

found today in a diverse range of applications, including 

medicine, manufacturing and entertainment, to name 

just a few. However, diode lasers are still developing 

and diode laser systems and applications are evolving.  

Last year, also saw the start of the EC-funded BRIDLE 

project – a three year research effort targeting dramatic 

improvements in the brilliance of high-power direct 

diode laser systems, which will result in an affordable 

direct diode laser source for industrial applications 

requiring the cutting and welding of sheet metal. 

We are making good progress so far and this newsletter 

will tell you more about our objectives and progress. I 

hope that you find it both interesting and informative! 

Thomas Brand, Project Coordinator 

Welcome from the Editor! 

 

 

 

 

 

 

 

During the project, we plan to publish an e-Newsletter 

every 9 months to keep you up to date about the project. 

By visiting www.bridle.eu you can subscribe to receive 

future newsletters and find out more about our progress. 

Details of how to contact us can also be found on our 

website or general enquiries can be directed to the 

address below.  
Steve Bull, Editor 

Email: editor@bridle.eu 

 

Welcome to the first issue of the 

BRIDLE project e-Newsletter! Last 

year marked the 50th anniversary of 

the diode laser – a device which, 

through rapid developments over the 

last half century, has changed many 

aspects of the world we live in today. 

Firstly, a warm welcome to you all! 

My colleagues and I are very excited 

to bring you news of the BRIDLE 

project. I hope that you will enjoy 

reading about our work, visit our web 

pages to find out more and contact us 

with any comments and questions. 

Typical beam parameters for different laser systems and 

materials processing applications. Performance targets of 

some of the different BRIDLE modules are also marked. 



Aims – Objectives – Approach  

The BRIDLE project seeks to deliver a technological 

breakthrough in cost effective, high-brilliance diode 

lasers for industrial applications. Using advanced high-

power diode laser technologies and beam combination 

architectures, dramatic improvements in performance, 

cost, manufacturability and future scalability will be 

achieved. A sequence of increasingly high brilliance 

demonstrators is planned, each targeting a specific 

application and culminating in the overall goal of an 

affordable diode laser source with >2kW output power 

from a Φ100μm optical fibre and an efficiency >40% for 

applications requiring sheet metal cutting and welding. 

Modular, scalable and forward compatible 

BRIDLE's approach begins with high brilliance mini-

bars with 2-3x higher brilliance than the best broad-area 

emitters. Spectral beam combining then provides a 

further 30-40x increase of the total brilliance. Advanced 

coherent beam combining techniques are also being 

pursued to develop phase-coupled arrays with a nearly 

diffraction limited output to facilitate further significant 

improvements in both spatial and spectral brilliance. 

Manufacturability and cost scaling 

Within BRIDLE, state-of-the-art simulation tools are 

being used to optimise designs for laser bars and 

systems. The cost and complexity of the optical system 

are reduced by integrating optics inside the mini-bars. 

Efficient, extremely low vertical divergence structures 

will lead to low-cost, smile-insensitive assembly and 

low-loss optical coupling. The chosen packaging and 

beam combining methods will allow simple fabrication 

and good thermal management. 

e-Newsletter Issue 1 – June 2013 
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The modular approach of BRIDLE and typical applications to which BRIDLE laser modules will be suited. 

Advances – Novelty – Innovation 

To realise our vision, BRIDLE targets many novel and 

innovative technical and scientific advances, including: 

• Mini-bars with chirped-DBR mirrors for low-cost 

spectral multiplexing without need for external 

cavity wavelength stabilisation. 

• High-brilliance tapered laser diode mini-bars with 

extremely low divergence. 

• Near-single-mode narrow-stripe broad-area diode 

lasers, using innovative integrated mode filters. 

• High-power single-mode ridge waveguide lasers 

in array formats for coherent beam combining. 

• Detailed evaluations of external cavity phase 

locking configurations for diode arrays, including 

passive and active phase-locking approaches. 

• Identification and control of the factors affecting 

emitter phase locking in practical laser arrays. 

• Demonstration of the first system-level design 

tool for high-power diode laser sources, which 

bidirectionally couples the simulation of the laser 

array with optical design software. 

• Development of a highly efficient and compact 

dense wavelength division multiplexing device 

based on volume gratings, reflective gratings or 

dichroic mirrors. 

• High-power integrated multi-mode fibre beam 

combiners. 

• Packaging for individually addressable diode 

lasers based on either p-side down mounting or a 

segmented PCB structure on the heatsink. 



Finding out more about BRIDLE 

More information about BRIDLE can be found on our 

dedicated project website, www.bridle.eu. Here you 

will find more in depth information about the project 

aims, objectives and latest results, as well as about the 

individual project partners. Various contact details are 

provided should you wish to get in contact with the 

team. You can also sign up to receive future issues of 

our e-Newsletters, download extra copies of this issue 

and browse a list of our publications and presentations. 

We look forward to hearing from you if you have any 

comments about our project, website or e-Newsletter. 

Next e-Newsletter (Issue 2): February 2014 

The main components of DILAS’ high power diode 

laser packages and high power diode laser sources are 

the heatsink for thermal management, micro-optics and 

beam shaping optics. Depending on the application, the 

high power diode laser can be packaged within a sealed 

housing with fibre coupler, fibre, processing optics, etc. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Activities within BRIDLE 

Within the project, DILAS are responsible for the 

overall project coordination, providing automated bar 

mounting and characterisation capabilities to the 

consortium and for the specification, design and 

production of incoherently coupled diode laser modules. 

Further Information 

Further information about DILAS can be found on their 

website, www.dilas.com. Further information about 

their role in BRIDLE can be obtained by contacting: 

  Dr. Thomas Brand Dr. Andreas Unger 

  Tel: +49 6131 9226 147 Tel: +49 6131 9226 459 

  Email: t.brand@dilas.de  Email: a.unger@dilas.de  
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Meet the Team… 

The BRIDLE consortium consists of seven institutions, 

led by DILAS Diodenlaser GmbH. The partners are: 

•  DILAS Diodenlaser GmbH (Germany) 

•  Fraunhofer-Institut für Lasertechnik (Germany) 

•  Modulight, Inc. (Finland) 

•  Ferdinand-Braun-Institut, Leibniz-Institut für 

 Höchstfrequenztechnik (Germany) 

•  University of Nottingham (United Kingdom) 

•  Centre National de la Recherche Scientifique – 

 Institut d'Optique (France) 

•  Bystronic Laser AG (Switzerland) 

Over the course of the project, our e-Newsletters will 

profile each partner – the first can be found below. 

DILAS Diodenlaser GmbH 

DILAS, the diode laser company, is focused on 

delivering innovative technologies and advanced 

product solutions in the high power diode laser field. 

Founded in 1994 in Mainz, Germany with operations in 

Tucson, AZ, and Nanjing, China, DILAS designs, 

develops and manufactures high power, high brightness 

semiconductor laser components, modules and systems, 

including fibre coupled products with total output 

powers in the multiple kilowatt range. With more than 

300 employees, DILAS is part of the Rofin Sinar 

Technologies, Europe group (Barcelona, Spain).  

 

 

 

 

 

 

DILAS is a leader in designing and manufacturing high 

power diode lasers by combining modular diode laser 

components. The flexibility of this concept allows the 

realisation of customer specific solutions for a wide 

range of applications. Scalability of the optical output 

power is a major advantage of our packaging concept. 

Nearly all of our diode laser products rely on the same 

design principles: from a simple unlensed diode laser 

stack to a complete multi-kilowatt laser source for 

material processing.  

View of DILAS Headquarters in Mainz, Germany 

DILAS high-power diode laser module based  

on a single baseplate (200W / 200μm / NA 0.22) 



The Next Generation of Diode Lasers 

Improved chip structures provide better beam quality  

for the direct use of diode lasers in the kilowatt power range 
 

Thomas Brand & Andreas Unger 

DILAS Diodenlaser GmbH, Germany 

 
Diode lasers can achieve exceptional efficiency in the generation of laser light, but for some potential applications the 

achievable beam quality is just not enough. The BRIDLE project, funded by the European Commission as part of FP7, 

aims to deliver a solution.  

 

Compared to other laser types, high performance diode lasers achieve an unsurpassed electro-optical efficiency of up 

to 70 percent. However, their beam quality has been shown to be somewhat less impressive. While the radiation 

emitted from a small waveguide structure in the vertical (fast) direction is almost diffraction limited with high 

divergence, wide stripe emitters exhibit higher order transversal modes in the lateral (slow) direction with a 

corresponding deterioration in beam quality.  

 

In order to satisfactorily propagate the many beams from, for example, the large number of emitters comprising a laser 

bar, to the processing location and onto the work piece, considerable micro-optical beam shaping is needed to 

effectively combine and focus the power emitted. The results are increased costs, a loss of power and a significant 

reduction in efficiency, to only 50 or 55 percent. When attempting to compete with solid-state or fibre lasers, sooner or 

later a limit is reached at which the effort and cost involved can no longer be justified. The BRIDLE project is 

currently trying to remove these limits using various means. 

 

Direct use of high performance diode lasers  
 

While diode laser modules up to 100W have long been established for soldering applications and plastics welding, the 

situation for the high power range remains undecided. For surface processing (curing, overlay welding or hard 

soldering) high powers in the kW range are required, but moderate beam qualities of >40mm.mrad suffice, making 

laser diodes the ideal solution. Systems with up to 11kW of continuous wave output power and with a homogenised 

55x20mm² beam profile have been used for surface processing applications [1]. Diode lasers can also be used for deep 

welding, and systems with over 2kW of output power and a beam quality of 20mm.mrad are commercially available 

and widely used. These are increasingly displacing conventional solid-state lasers from their traditional applications. 
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CO2 lasers, however, (with an efficiency of less than 

20 percent) still dominate the more significant market 

for thin sheet cutting applications (Fig. 1), and with 

fibre lasers also playing an increasingly dominant role 

here, this field has largely remained out of reach for 

diode lasers. Fibre lasers now achieve an overall 

efficiency of between 30 and 35 percent, with 80 to 

85 percent of the optical pump power of the laser 

diodes being converted into usable radiation close to 

the dominant mode. To achieve the requisite beam 

quality of 5mm.mrad required for cutting with laser 

diodes at a comparable or better overall efficiency, so 

too with a power of several kilowatts, still calls for 

considerable effort and new scaling solutions.  

Figure 1: Thin sheet cutting with a laser  

(Source: Bystronic Laser AG)  



The first systems that may well be able to meet these requirements have already been released by DirectPhotonics, 

Berlin, and TeraDiode, Wilmington, USA. DirectPhotonics combines a large number of individual emitters to give an 

output power of 2kW that is then transmitted in a 100µm fibre and yields an overall efficiency exceeding 30% [2]. 

TeraDiode uses laser bars combined with external diffractive resonators and also achieves 2kW out of a 100µm fibre 

[3]. The complexity of the beam shaping and the need for external resonators, however, have a negative impact on 

total efficiency, system reliability and, last but not least, on costs. The aim of BRIDLE is to identify the point, beyond 

which it is more practical to use a diode-pumped laser instead of the laser diodes themselves.  

 

The chip is the key 
 

The ultimate foundations for realising high beam quality are laid down during chip design. Typical wide stripe 

emitters for direct use have a width of 100µm, can reliably emit up to 10W at a beam quality of 4mm.mrad, and are 

positioned with relatively high lateral spacing in order to provide sufficiently good focusing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Power scaling 
 

The significantly differing beam quality emitted by laser diodes in the fast and slow directions suggests that the first 

step is to fill the acceptance angle of a glass fibre in the fast direction by optical stacking. This involves physically 

positioning the beams emitted by the individual emitters (after two axis collimation) above one another in the vertical 

direction until the same beam quality is achieved in the vertical dimension as in the lateral dimension. The combined 

projection onto the end of the fibre then leads to superposition and ideally to an efficient utilisation of the fibre.  

 

Depending on the emitter structure used, this enables several (5 to 15) individual emitters or bars to be coupled into a 

fibre, producing output powers in the hundred watt range. If more power is required, one can make use of the 

normally highly polarised nature of laser diode radiation and combine two modules, for example by using a thin film 

polariser.  

 

The remaining degree of freedom is the wavelength. Between 800 and 1100nm, a variety of diode wavelengths are 

now available with high output power and good reliability. In addition to the standard 808nm Nd-pump wavelength, 

880, 915, 940, 980, 1020 and 1060nm are also commercially available. These ranges can be superimposed relatively 

easily using edge filters, with power losses of just a few percent. BRIDLE further aims to combine wide wavelength 

multiplexing with dense multiplexing methods (Fig. 3). 
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BRIDLE intends to use emitters just 30µm wide developed at 

the Ferdinand Braun Institute, Berlin (FBH) that achieve a 

lateral beam quality of less than 2mm.mrad at 7W output [4]. 

This represents a doubling of the brilliance of each individual 

emitter, and correspondingly more of them can then be 

combined. Tapered laser bars, which are also being studied as 

part of BRIDLE, deliver greater brilliance but cannot yet 

achieve the high efficiency required and additionally call for 

significant beam shaping.  

 

Other solutions being investigated in the project include the use 

of ELoD (extremely low vertical divergence) designs, and the 

use of new lateral mode filtering concepts [5]. At the same 

time, fundamental studies into coherent coupling are being 

pursued and utilise individually addressable, single mode ridge 

waveguide laser bars produced by Modulight, Finland (Fig. 2). 

Figure 2: Chip production in a clean room 

(Source: Modulight Inc.)  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When coupling closely adjacent wavelengths, these have to be stabilised to prevent thermally induced drift. The 

wavelength of a non-stabilised laser bar shifts roughly by around 0.3 to 0.5nm/K, meaning that more than 10nm of 

drift can accumulate over the full operating range – with an intended wavelength spacing of just 2 to 3nm between 

emitters, this is much too high. Stabilisation with diffractive structures (volume holographic gratings) or external 

resonators is often used. In BRIDLE, internally stabilised and chirped DBR lasers are to be used instead (Fig. 4), and 

are expected to have significantly higher stability and reproducibility.  

 

Automated production increases reliability 
 

 

 

 

 

 

 

 

 

 

 

 

Summary  
 

The development of diode lasers for direct use is on-going. Greater power in the multi-kilowatt range and, above all, 

improved beam quality well below 10mm.mrad are absolutely essential for cutting applications. With its new chip 

structures, the EU BRIDLE project is taking a huge step forwards in improving the beam quality and is currently 

assessing different methods of power scaling. However, it remains to be seen which approach and to what extent diode 

lasers will be able to commercially compete with CO2 and fibre lasers in this area.  
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With so many components – laser bars, microlenses and various coupling 

mirrors – that need to be adjusted and assembled for a high performance diode 

laser module, and due to the high precision required to prevent losses of beam 

quality and power, it appears essential that manufacturing be automated as far 

as possible (Fig. 5). In addition to reliability considerations, costs clearly play a 

role in moving production of diode laser modules to an automated process. 

High volumes of standardised components are also critical in achieving 

competitiveness. Existing insular solutions in the automation of laser bar and 

microlens assembly and the intermediate measurement and documentation steps 

are currently being combined into a consistent overall process. 

Figure 4: Dense wavelength multiplexing 

on a 5mm wide mini-bar (Source: FBH)  

Figure 3: BRIDLE coupling concept using five-wavelength DBR 

bars and subsequent polarisation coupling (Source: FhG-ILT)  

Figure 5: Assembly of a diode 

laser prototype (Source: DILAS)  



Many of the BRIDLE partners are involved in and will be presenting work from the project at this year’s High Power 

Diode Lasers & Systems Conference, which will be held at PHOTONEX (Ricoh Arena, Coventry, UK) in mid-

October. Additional details can be found in the advertisement below or for more information about the programme 

and how to register, please visit www.photonex.org.  
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