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	Lead-free Solder Materials


FINAL REPORT
Period: from April 2002 to March 2007
(Start date of the Action: 11.03.2002)
(Last update: June 2007)
This Report is prepared by the Management Committee of the Action and presented to the relevant Domain Committee or directly to the Committee of Senior Officials.

The report is a "cumulative" report, i.e. it is updated annually and covers the period beginning from the start date of the Action.
CONTENTS
1.
Overview: action identification data


See "Action Identification Data" at the end of this document

2.
Objectives
The main objective of Action 531 is to increase the basic knowledge on possible alloy systems that can be used as lead-free solder materials and to provide a scientific basis for a decision which of these materials to use for different soldering purposes in order to replace the currently used lead-containing solders in the future.

In addition to and complementing this main objective, the proposed COST Action will also contribute in accomplishing the following tasks.

2.1 Establishment of a database of knowledge on possible lead-free solder materials and soldering processes
Although a lot of specific information has been published on the subject of lead-free soldering this knowledge is widely dispersed and thus difficult to use. Therefore it is proposed to do a thorough and critical compilation of the existing information as a first step within this COST Action. As far as possible, all data should be collected and stored in a standardized format. They will be complemented by the results of research contributed during the action. It is also intended that this database would attract the deposition of previously unpublished results from various possible sources. All collected information would be subjected to scrutiny by experts in the respective areas for comments on accuracy, reliability, etc., of the data.

The database should contain all necessary information on physical, chemical, electrical, mechanical, technological, ... properties of the possible solder materials and the corresponding joints.

2.2 Providing the expertise for selecting particular materials for specific purposes

To create such a database needs a truly interdisciplinary effort. Scientists from various fields will have to contribute to provide the comprehensive knowledge necessary to select the optimum material for particular soldering purposes. Therefore, this COST Action would bring together a panel of scientific experts that would be able to act as a consulting body for industrial partners - subject, of course, to any non-disclosure constraints. Thus the industrial partners would clearly benefit from the availability of this database providing them with the necessary information for selecting the optimum material to obtain reliable and competitive lead-free solder joints.

3.
TECHNICAL DESCRIPTION AND IMPLEMENTATION 

The scientific program of Action 531 addresses basic scientific research on various properties of possible lead-free solder materials as well as problems of their practical application and their durability during actual use in all kinds of equipment and their recycling. The action brings together European researchers from universities, research institutions, and industrial research centers working on the development of new lead-free solder materials. It is designed to encourage the exchange of scientific and technological knowledge between these groups and to present new opportunities for co-operations.

The scientific program was originally structured into six Working Groups (WG). These working groups form the framework of the Action. The structure of the Action is flexible enough to incorporate projects focusing on materials properties or rather on application topics. 

Working Group 1

This working group evaluates all possible metallic systems which can be taken into consideration for lead-free solder materials. It started with a careful literature search. The main criteria besides the environmental impact are the melting temperature of the alloys. For solders used in the electronics industry the melting temperature must be in the range between 100 and 250°C depending on the particular application.

Since the information in the open literature is by no means complete it is necessary to carry out experimental work on various possible systems which might be candidates for this type of solders. For these investigations different experimental techniques are used. In order to obtain the thermodynamic data which are necessary to determine the stability of the alloy systems as well as to carry out theoretical calculations, standard thermochemical methods are applied, like vapor pressure measurements, emf (electromotive force) measurements, calorimetry and DSC (differential scanning calorimetry) measurements. Phase diagrams and melting temperatures of the alloys are determined with standard experimental methods, like thermal analysis (e.g DTA, differential thermal analysis), different X-ray techniques, electron probe microanalysis (EPMA) and metallographic methods.

In advanced electronic devices different substrates for the solders are used. These substrates are in many cases thin films of Cu, Ni or Pd and other PGM (platinum group metal) elements. Therefore it is necessary to investigate the interconnection of the solder with the substrate, the diffusion processes which occur and the type of intermetallic compounds that might be formed. Working Group 1 deals also with this problem and attempts to determine the corresponding multinary phase diagrams.

Working Group 2

Working group 2 carries out the theoretical modeling of the phase diagrams. Using the data from the literature as well as new data from Working Group 1, the phase diagrams of the new solder materials are optimized using the so-called CALPHAD (calculation of phase diagrams) method. This provides an optimum version of the phase diagram which is consistent with the thermodynamic data for the respective alloy system. Likewise, this Working Group is also responsible for providing optimized versions of the phase diagrams that relate to the contacts between solder materials and substrates (see above).

Besides the phase diagram calculations, the participants within this Working Group try to provide estimates of different physical properties, like surface tension, wettability, electrical properties, and others.

Working Group 3

The task of this Working Group is the synthesis of alloys suggested by Working Groups 1 and 2. For these alloys the researchers determine the necessary physical and mechanical properties. They measure the wettability, surface tension, and viscosity of the liquid alloys at different temperatures.

This group investigates also the mechanical behavior of the solid solder materials and of solder joints. The main work assignment is to determine ductility, strength, and fatigue of the solid alloys as well as to evaluate the thermally induced stress, the thermal mismatch, and the interfacial shearing stress in the joints at different temperatures.

Another important topic in this group is the investigation of the electrical properties of the different materials.

Working Group 4

One main task of this Working Group is to determine the oxidation behavior of possible solder materials under standard conditions but also at different temperatures and under different environmental conditions. Another problem are the electrochemical reactions which can occur. If the strength of the solder to conductor bond exceeds the strength of the metal-metal conductor bond, the solder will easily consume the conductor. This will not only cause a high electrical resistivity but could also lead to a significant embrittlement of the solder joint. A task that is also addressed by Working Group 4 are possible interactions between the lead-free solders and different materials that might be used as fluxes in actual soldering processes.

This Working Group includes one additional important aspect: a thorough evaluation of the physiological and toxicological properties of possible new solder materials as well as of any detrimental consequences for the environment due to their processing, recycling or deposition.

By decision of the Management Committee during its meeting on June 14, 2003, in Brno, Working Group 3 and Working Group 4 were combined. From then on they will be called Working Group 3-4 (WG3-4).

Working Group 5

This is the Working Group responsible for reliability investigations. Reliability is the ability of a product to function under given conditions and for a period of time without exceeding acceptable failure levels. The group investigates and tests the reliability of the new materials under different working conditions. The solder joints are subjected to thermal shock and high frequency, multiple cyclic loads to investigate overload failure and age hardening. Since thermomechanical fatigue is one of the main causes of failure in service this problem is likewise addressed in this group. With all these data it should be possible to provide predictions on thermal-cycle fatigue-life and life time.

Different theoretical approaches will provide the basis for model calculations to predict the reliability and possible life time of the solder joints, to develop creep-fatigue-models as well as models for damage modes.

Working Group 6

Since the electronic parts are getting smaller and smaller the newly developed solder materials must also be tested for different packaging applications like, for example, the flip chip technique. Furthermore, the Working Group addresses also various aspects of processing (like cooling times, manufacturability, etc.) that determine the applicability of alloy systems. Likewise it is responsible for testing the solders for their possible use in different soldering methods like the reflow, wave or laser technique. It will also be necessary to consider various aspects of recycling, possibly in a close interaction with scientists of Working Group 4.

By decision of the Management Committee during its meeting on June 14, 2003, in Brno, Working Group 5 and Working Group 6 were combined. From then on they will be called Working Group 5-6 (WG5-6).
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Management Committee
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Members (as of March 2007):

	Prof. Adolf MIKULA
	Universitaet Wien
	Austria

	Prof. Herbert IPSER
	Universitaet Wien
	Austria

	Prof. Patrick WOLLANTS
	K.U. Leuven
	Belgium

	Prof. Gueorgui P. VASSILEV
	University of Sofia
	Bulgaria

	Prof. Evgeni S. DOBREV
	University of Sofia
	Bulgaria

	Dr. Ales KROUPA
	IPM – CAS, Brno
	Czech Republic

	Prof. Jan VRESTAL
	Masaryk University Brno
	Czech Republic

	Prof. Marko HÄMÄLÄINEN
	Helsinki University of Technology
	Finland

	Prof. Jorma KIVILAHTI
	Helsinki University of Technology
	Finland

	Prof. Bernard LEGENDRE
	Université Paris Sud
	France

	Prof. Jean-Georges GASSER
	Université de Metz 
	France

	Dr. Suzana FRIES
	ACCESS eV / RWTH Aachen
	Germany

	Prof. Jürgen VILLAIN
	FH Augsburg
	Germany

	Prof. Dimitrios E. KARALEKAS
	University of Piraeus
	Greece

	Dr. László BENCZE
	Eötvös Loránd University
	Hungary

	Dr. Finbarr WALDRON
	National Microelectronics Res. Cent.
	Ireland

	Prof. Gabriella BORZONE
	Universitá di Genova 
	Italy

	Prof. Daniele GOZZI
	Universitá di Roma “La Sapienza”
	Italy

	Dr. Alexandre A. KODENTSOV
	Eindhoven Technical University
	Netherlands

	Dr. Natalia SOBCZAK 
	Foundry Research Institute
	Poland

	Prof. Leszek ZABDYR
	Inst. Met. Mater. Sci., Polish Acad. Sci.
	Poland

	Prof. Fernando Portela 
de Sousa CASTRO
	Universidade do Minho
	Portugal

	Prof. Luis Filipe MALHEIROS
	Universidade do Porto
	Portugal

	No MC member nominated
	
	Romania

	Prof. Dragana ZIVKOVIC
	University of Belgrade
	Serbia and Montenegro

	Dr. Pavol SEBO
	Inst. Mater. Mach. Mech., Slovak AS
	Slovakia

	Prof. Arkadij POPOVIC
	Institute Josef Stefan, Ljubljana
	Slovenia

	Prof. Juan DURAN
	CSIC-CENIM, Madrid
	Spain

	José Mª. Gómez de SALAZAR
	UCM
	Spain

	Prof. John LIU
	Chalmers University of Technology 
	Sweden

	Prof. Bo SUNDMAN
	Royal Institute of Technology, KTH
	Sweden

	Prof. John BOTSIS
	Swiss Fed. Inst. Of Technol. Lausanne 
	Switzerland

	Dr. Jolanta JANCZAK-RUSCH
	EMPA Dübendorf
	Switzerland

	Dr. Andy WATSON
	University of Leeds
	United Kingdom

	Prof. William PLUMBRIDGE
	The Open University 
	United Kingdom


4.2 Participating Institutions (as of November 2006)

	Inst. F. Anorgan. Chemie-Materialchemie, Univ. Wien
	Wien
	Austria

	Institut fuer Materialphysik, Universitaet Wien
	Wien
	Austria

	Inst. Of Metal Science, Bulgarian Academy of Sciences
	Sofia
	Bulgaria

	University of Sofia
	Sofia
	Bulgaria

	University of Plovdiv
	Plovdiv
	Bulgaria

	Inst. of Physics of Materials, Czech Acad. of Science
	Brno
	Czech Republic

	Masaryk University
	Brno
	Czech Republic

	VSB-TU Ostrava 
	Ostrava
	Czech Republic

	Helsinki University of Technology
	Espoo
	Finland

	Université Aix-Marseille I
	Marseille
	France

	Universite Henri Poincare, Nancy 1
	Vandoeuvre
	France

	Institut National Polytechnique de Grenoble
	Grenoble
	France

	Lab. des Matériaux et Microélectronique de Provence
	Marseille
	France

	Université Henri Poincare
	Nancy
	France

	Lab. de Phys. des Liqu. et des Interfaces, Univ. Metz
	Metz
	France

	Materials Science International Services GmbH
	Stuttgart
	Germany

	ACCESS Materials & Processes
	Aachen
	Germany

	Technische Universität Chemnitz
	Chemnitz
	Germany

	Dresden University of Technology
	Dresden
	Germany

	Fraunhofer Institut IZM
	Berlin
	Germany

	Fachhochschule Augsburg
	Augsburg
	Germany

	Eötvös Loránd University
	Budapest
	Hungary

	Universitá di Genova
	Genova
	Italy

	Università di Roma "La Sapienza"
	Rome
	Italy

	National Research Council of Italy
	Genova
	Italy

	Istituto Italiano della Saldatura
	Genova
	Italy

	OMODEO A&S Metalleghe SpA
	Milano
	Italy

	Eindhoven University of Technology
	Eindhoven
	Netherlands

	Inst. of Met. Mater. Sci., Polish Academy of Science
	Krakow
	Poland

	AGH – University of Science and Technology
	Krakow
	Poland

	Foundry Research Institute
	Krakow
	Poland

	Motor Transport Institute (MTI)
	Warszaw
	Poland

	University of Minho
	Guimaraes
	Portugal

	University of Porto
	Porto
	Portugal

	Engº Paulo Bré
	Porto
	Portugal

	University of Belgrade
	Bor 
	Serbia 

	Inst. Mater. Machine Mech., Slovak Acad. of Sciences 
	Bratislava
	Slovakia

	Jozef Stefan Institute
	Ljubljana
	Slovenia

	EMPA
	Dübendorf
	Switzerland

	Swiss Federal Institute of Technology
	Lausanne
	Switzerland

	University of Leeds
	Leeds
	United Kingdom

	National Physical Laboratory
	Teddington
	United Kingdom

	The Open University
	Milton Keynes
	United Kingdom



4.3
Meetings of the Management Committee


March 11, 2002, Brussels, Belgium



September 14, 2002, Rome, Italy



June 14, 2003, Brno, Czech Republic



February 14, 2004, Heathrow, England



September 18, 2004, Vienna, Austria



February 26, 2005, Lausanne, Switzerland



February 25, 2006, Genoa, Italy



October 28, 2006, Brno, Czech Republic



May 19, 2007, Vienna, Austria


4.4
Meetings of the Working Groups


July 1, 2002, Paris, France / WG1+WG2 



December 9, 2002, Brussels, Belgium / WG 3 



January 14, 2003, Berlin, Germany / WG 5 



June 13, 2003, Brno, Czech Republic / WG1+WG2



December 8, 2003, Brussels, Belgium / WG3-4+WG5-6



February 13, 2004, Teddington, England / WG1+WG2



June 5, 2004, Warsaw, Poland / WG3-4+WG5-6



October 25, 2004, Porto, Portugal / WG1+WG2



January 17, 2005, Vienna, Austria / WG5-6



February 24-25, 2005, Lausanne, Switzerland / 






   Midterm Meeting / Joint WG1+2+3-4+5-6



May 7, 2005, Krakow, Poland / WG1+WG2



November 27-28, 2005, Berlin, Germany / WG3-4+5-6



February 23-24, 2006, Genoa, Italy / Joint WG1+2+3-4+5-6



August 25-26, 2006, Gothenburg, Sweden / WG3-4+5-6



April 23-24, 2007, Krakow, Poland / WG1+WG2



May 17-18, 2007, Vienna, Austria / Joint WG1+2+3-4+5-6

4.5
Short-term scientific missions
A total of 59 Short Term Scientific Missions were finished in the entire period ending with March 2007.

A detailed list is given in Appendix A.

5.
RESULTS

5.1. First Year

The first year of operation of this COST Action was characterized by inviting Expressions of Interest (57 as of February 2003, see Annex I) and putting together a first series of Group Projects (7 as of February 2003, see Annex II). Most potential participants were trying to obtain the necessary funding for their contributed research. 

In an early meeting representatives of WG 1 and WG 2 agreed on the binary and ternary systems of interest for lead-free soldering for which additional experimental research is necessary; likewise they defined those systems that need to be modeled and those for which the modeling needs to be improved. Since then, various research groups have initiated experimental work to obtain the corresponding phase diagram information and to provide the necessary thermochemical data for a modeling of the systems to create optimized versions of the corresponding phase diagrams. In particular, the following systems are currently under investigation: Ag-Bi-Sn, Ag-Cu-In, Ag-Cu-Sn and Ag-Sn+(Cu, Ni, Au, Pd), In-Sn-X, 
Ag-In-Sn+(Ni, Pd), Bi-Sn-X, Sn-Zn-X. 

5.2. Second Year

In the second year, two more countries signed the Memorandum of Understanding increasing the total number to 19 countries. Two more Group Projects (GP8 and 9) were proposed with increasing participation from WG3-4 and WG5-6. However, due to the economic problems in some of the COST member countries a considerable number of participants were still without adequate funding. 

In a joint meeting of WG1 and WG2 the alloy systems to be investigated and optimized were redefined in the following way: Ag-Cu-Sn+(Au, Ni, Pd), Ag-Bi-Sn+Ni, Bi-Sn-Zn+Pd, 
Ag-In-Sn+(Au-Cu-Pd), In-Sn-Zn+Pd. Construction of a literature data bank on “Lead-free Soldering” was initiated; it will be permanently updated and will be accessible to all participants of COST 531 through the Action homepage. At the same time, work on the construction of a data bank was started which will contain thermodynamic and phase diagram data for relevant solder systems in parametric form. This is being done in close cooperation with SGTE (Scientific Group Thermodata Europe), and its content will also be accessible for all participants of COST 531.

Although financial funds were still lacking some work had also been initiated on physical and mechanical properties of solders and solder joints as well as on reliability and packaging issues, as defined in meetings of WG3 and WG5.

Five Short Term Scientific Missions were successfully finished in 2003, involving a number of young scientists from three different countries. By October 2003, work was going on on two Master Theses and five Doctoral Theses with COST 531-related topics, involving young scientists from six different countries.

5.3. Third Year

One more country signed the Memorandum of Understanding in the third year bringing the total number of participating countries to 20. In the same time the scientific activity increased considerably as can be seen from the manpower involved listed in Chapter 7.

Work on the COST 531 Thermodynamic Database continued, and all relevant binary alloy systems (based on the elements Ag, Au, Bi, Cu, In, Ni(P), Pb, Pd, Sb, Sn, Zn) were included in an optimized and consistent version. The database was tested with most of the commercially available software systems. It can be accessed, password protected, through the Action homepage. In a next step, the most important ternary systems are being included.

One additional Group Project (GP 10) was initiated which increases the total number to ten (see Annex II). This Group Project deals with important topics of Working Group 5-6, in particular with the so-called “size effect”: It is found that various mechanical properties of real materials (real solder joints) start to change when the dimensions fall below certain limits in the range of several hundred micrometers. As an example, this is shown in Figure 1 as an example for the ultimate tensile strength of a Sn-Ag-Cu solder joint. The UTS increases significantly with decreasing size of the solder gap which, however, results at the same time in an increase of the brittleness. This may become a serious problem if electronic packages are continuously made smaller.

[image: image5.wmf]
Fig. 1: Ultimate tensile strength and fracture strain as a function of the size of the solder gap

In the third year, results were also obtained on the wetting properties of various types of solders by different groups of researchers. As an example, Fig. 2 shows wetting tests with Sn-Ag-In solders on copper substrates. The corresponding samples were used afterwards for shear tests to obtain information on the strength and reliability of corresponding solder joints.

A total of 14 Short Term Scientific Missions were finished in 2004 involving 12 (mostly young) scientists from seven participating countries (see Appendix A). By November 2004, work is going on on about 12-14 Master and PhD Theses within the participating research groups (see Appendix B). 
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Fig. 2: Wetting experiments with a Sn-Ag-In solder on copper substrates and corresponding shear modulus of the resulting joints.

Various research groups out of COST 531 became partners in the FP6 Coordination Action ELFNET (European Lead-Free Soldering Network) widening thus the European cooperation on this topic. The contract was signed by the European Commission in April 2004. Through this a continuous interaction is guaranteed between COST 531 and the ELFNET network which consists of universities, research institutions, as well as industrial partners from 19 European countries (for more information see the ELFNET homepage at http://www.europeanleadfree.net/).

5.4. Fourth Year

Another two countries signed the Memorandum of Understanding in the fourth year, increasing thereby the number of participating countries to 22. In addition, two more institutions from non-COST countries were officially accepted as participants in the Action. The scientific activity continued on a similar level as in the previous year, and the corresponding manpower is listed in Chapter 7.

Within Working Groups 1 and 2, an updated version of the COST 531 Thermodynamic Database (Version 2) was created which includes a number of additional binary systems and, for the first time, also some of the important ternary systems. The database is continuously checked for consistency, it is accessible, password protected, through the Action homepage.

Within Working Groups 3-4 and 5-6, work on a Database of Physical and Mechanical Properties of Lead-free Solder Alloys was initiated in close cooperation with ELFNET. In a first version, the corresponding data for the Sn-Ag-Cu (“SAC”) solder family are being collected. It includes properties of solder alloys of various compositions as well as of entire solder joints with different substrates. 

A total of 17 Short Term Scientific Missions were finished in 2005 involving 14 scientists from seven participating countries and ten different hosts in eight countries. By December 2005, work was going on on about 15 Master and PhD Theses within the participating research groups (see Appendix B).

5.5. Fifth Year

The last year was characterized by the attempts to finalize the research work within the different laboratories that were actively contributing and to start preparing the publication of the different databases and handbooks (see also chapter 6.2.) that would reflect the outcome of the Action. In particular, COST 531 will provide the following:
· “Atlas of Phase Diagrams and Thermodynamic Properties for Lead-free Solder Alloys” (to be published at the end of 2007); it was prepared in cooperation with SGTE and contains 55 binary and 20 of the most important ternary alloy systems relevant to lead-free soldering out of the eleven elements Ag, Au, Bi, Cu, In, Ni, Pb, Pd, Sb, Sn, and Zn in an optimized form. This is the result of the combined effort of Working Groups 1 and 2.
· “Handbook of Physical and Mechanical Properties of Lead-free Solder Alloys” (to be published end of 2007); it was prepared in cooperation with ELFNET, and it covers the corresponding properties of Sn-Ag, Sn-Cu, and Sn-Ag-Cu (SAC) solders and their corresponding joints. It contains some of the work of Working Groups 3-4 and 5-6 and collects additionally a considerable amount of literature information.
· “SURDAT Database of Lead-free Soldering Materials” which covers density, surface tension, molar volume, viscosity and electrical properties of relevant pure metals and selected binary, ternary and quaternary systems; it was prepared within Working Group 3-4 by IMIM PAN, Kraków, Poland, in cooperation with ELFNET, and it is available from the COST 531 homepage.
· “ATLAS of Microstructures of Pb-free solders and solder joints” (to be published as a book at the end of 2007); it was prepared within Working Group 3-4 by the Foundry Research Institute and the Motor Transport Institute in Poland and contains examples of microstructures of various solder/substrate combinations.
· “Synt@all” (SYNthesis of ALLoys) (to be published as a CD at the end of 2007); it was prepared with input from different Working Groups as well as from literature by the Foundry Research Institute and the Motor Transport Institute in Poland.
6.
DISSEMINATION OF RESULTS


6.1
Publications and Reports


6.1.1. Publications in peer-reviewed journals



207 publications in peer-reviewed journals (a detailed list is given in Appendix B)



6.1.2. Other publications



39 other publications (a detailed list is given in Appendix B)



6.1.3. Reports



25 reports (a detailed list is given in Appendix B)


6.1.4. Contributions to conferences



291 contributions to conferences (a detailed list is given in Appendix B)



6.1.5. Invited lectures



43 invited lectures (a detailed list is given in Appendix B)



6.1.6. Theses



54 theses (a detailed list is given in Appendix B)



6.1.7. Books



3 books (see Appendix B)

6.2
Databases and Publications
6.2.1. COST 531 Thermodynamic Database (in cooperation with SGTE) 
to be published as “Atlas of Phase Diagrams and Thermodynamic Properties for Lead-free Solder Alloys” (will be published end of 2007) 
6.2.2. “Handbook of Physical and Mechanical Properties of Lead-free Solder Alloys”
(covering Sn-Ag, Sn-Cu, and Sn-Ag-Cu solders; in cooperation with ELFNET)
(will be published end of 2007)

6.2.3. “SURDAT Database of Lead-free Soldering Materials” 
(covers density, surface tension, molar volume, viscosity and electrical properties of relevant pure metals and selected binary, ternary and quaternary systems; prepared by IMIM PAN, Kraków, Poland, in cooperation with ELFNET)
available on-line via http://www.imim.pl/index.php?id=215 or http://www.univie.ac.at/cost531/
6.2.4. “ATLAS of Microstructures of  Pb-free solders and solder joints”
(prepared by Foundry Research Institute and Motor Transport Institute in Poland); (will be published as a book end of 2007)

6.2.5. “Synt@all” (SYNthesis of ALLoys)
(prepared by Foundry Research Institute and Motor Transport Institute in Poland); (will be published as a CD end of 2007)


6.3
Conferences and Workshops
Several conferences and workshops were organized (a detailed list is given in Appendix B)


6.4
Web site


http://www.univie.ac.at/cost531/
The web site provides all necessary information for COST Action 531 (MoU, Call for Proposals, Expressions of Interest, Group Projects, Management Committee, dates of different meetings, …) as well as a number of useful links. 


6.5
Scientific and Technical Cooperation


(List briefly cooperation and contacts established with scientific institutions, with other research programmes, especially in the EU framework programme, and with potential users)

a) Expressions of Interest submitted to the Framework Program 6 with involvement of COST 531 participants 

· PERFECT (Producing Environmentally-friendly, Reliable and Competitive Electronics) - Integrated Project

· CONNECT (European Electronics Interconnection Network) - Network of Excellence

· Nano’s in LFS (The role of Nanoparticles and Nanodroplets in the physical and mechanical performance of industrial Lead-free Solders) - Integrated Project

b) Formal Agreement with SGTE (Scientific Group Thermodata Europe) to exchange information on critically assessed binary and ternary alloy systems

c) Coordination Action ELFNET (European Lead-Free NETwork) within Framework Program 6 with involvement of COST 531 participants (contract signed April 2004)

d) Cooperation and contacts with industrial bodies, including the leading electronics companies, through

	· Helsinki University of Technology
	Espoo
	Finland

	· University Paul Verlaine
	Metz
	France

	· ACCESS Materials & Processes
	Aachen
	Germany

	· Fraunhofer Institut IZM
	Berlin
	Germany

	· Istituto Italiano della Saldatura
	Genova
	Italy

	· OMODEO A&S Metalleghe SpA
	Milano
	Italy

	· Eindhoven University of Technology
	Eindhoven
	Netherlands

	· Motor Transport Institute (MTI)
	Warszaw
	Poland

	· Foundry Research Institute (FRI)
	Kraków
	Poland

	· EMPA
	Dübendorf
	Switzerland

	· Swiss Federal Institute of Technology
	Lausanne
	Switzerland

	· The Open University
	Milton Keynes
	United Kingdom

	· Universidade do Minho/
	Campus de Azurém
	Portugal

	· Universidade do Porto
	Porto
	Portugal



6.6
Transfer of results


(List briefly cooperation and contacts established with the Commission, with normalization and standardization bodies and with operators and manufacturers)



Some transfer of scientific results to the electronics industries through

	· Helsinki University of Technology
	Espoo
	Finland

	· Fraunhofer Institut IZM
	Berlin
	Germany

	· Eindhoven University of Technology
	Eindhoven
	Netherlands

	· Universidade do Minho
	Campus de Azurém
	Portugal

	· Universidade do Porto
	Porto
	Portugal


7.
ECONOMIC DIMENSION


Total Manpower


2002:


12 Scientists / 6 Technicians / 6 Students (in person-years)


2003:


20 Scientists / 10 Technicians / 11 Students (in person-years)


2004:


38.5 Scientists / 16 Technicians / 27 Students (in person years)


2005:


38.5 Scientists / 16.5 Technicians / 21 Students (in person years)


2006:


30.0 Scientists / 8.5 Technicians / 12.5 Students (in person years)


Total April 2002 till March 2007:


139.0 Scientists / 57.0 Technicians / 77.5 Students (in person years)


Funds from the Commission


(List funds received from the Commission for each year and for the entire duration of the action utilized for Secretariat, Publications, workshop and Seminars, MC meetings, Short-Terms scientific missions, other and Total)


2002:


Meetings:

30 000 €


STSM:


         0 €


Total:


30 000 €


2003:


Meetings:

51 824 €


STSM:


11 500 €


Total:


63 324 €


2004:


Meetings:

32 845 €


STSM:


         0 €


Total:


32 845 €


2005:


Meetings:

46 981 €


STSM:


  6 620 €


Total:


53 601 €


2006:


Meetings:

49 847 €


STSM:


24 464 €


General Support:
2 000 €


Total:


76 311 €


2007:


Meetings:

32 000 €


STSM:


  1 595 €


Total:


33 595 €

8.
SELF EVALUATION (only in the last annual progress report)

According to the Memorandum of Understanding, the main objective of COST 531 was 
“… to increase the basic knowledge on possible alloy systems that can be used as lead-free solder materials and to provide a scientific basis for a decision which of these materials to use for different soldering purposes in order to replace the currently used lead-containing solders in the future …”. It is believed that the Action achieved this objective to a large extent since it is without doubt that the (European) basic knowledge on lead-free soldering has been largely increased and that it has been truly possible to greatly improve the scientific basis for decisions which of these materials to choose for different soldering purposes.

In addition, it is also believed that COST 531 has been able to establish a truly European Database on possible lead-free solder materials and soldering processes which contains invaluable information on different properties of possible solder materials and of the corresponding joints obtained from these solders and various substrates. This can be seen from the number of databases and publications coming out of the Action (see Chapter 6.2.). With this Database COST 531 provides the expertise for selecting particular materials for specific soldering purposes considering the materials properties as well as physiological and environmental aspects (cf. Technical Annex, pp. 5-6). Of course, it is clear that such a Database cannot be complete – and will never be really complete. This has to do with the sheer unlimited amount of necessary data and the limited resources of time and people within COST 531, but it has also to do with the continuous scientific development.
The basis for the success of COST 531 was the creation of a network of dedicated scientists and research groups from many European countries which allowed combining the efforts of many people in the true COST philosophy. 
COST 531 started in a very difficult time (transfer of the COST program from the Commission to ESF) with very limited funding in the first year(s). In addition, it turned out that several countries that had signed the Memorandum of Understanding started cooperating only late in the Action (Belgium, Sweden) or did not contribute to the research at all (Ireland, Romania, Spain). In the case of Romania, this was particularly surprising since the country joined the Action very late (May 2005) but afterwards never nominated even delegates to the Management Committee. In a number of countries, most prominently in Germany, some of the participants did not receive the necessary funding, and their proposed Group Projects (GP 6 and GP 9, see Annex II) never materialized although they would have been a perfect addition to the other Group Projects.

In conclusion, the Management Committee of COST 531 is convinced that, despite some problems as explained above, the Action has been a successful one which has achieved most of its goals.
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Appendix A

Short Term Scientific Missions

	
	Applicant
	from
	to
	Period
	Topic

	1
	Christoph Luef
	Vienna
	Eindhoven 
(A. Kodentsov)
	04.08.-29.08.2003
	Silver-Indium-Tin Alloys as Possible Lead-free Solder Alloys

	2
	Adéla Zemanová 
	Brno
	Vienna (H. Ipser)
	01.10.-15.10.2003
	Calorimetric Techniques for Phase Identification

	3
	Andy Watson 
	Leeds
	Genoa (R. Ferro)
	25.10.-31.10.2003
	Thermodynamic Assessment of Potential Lead-free Solder Alloys

	4
	Andy Watson 
	Leeds
	Brno (J. Vrestal)
	10.11.-14.11.2003
	Calculation of Thermodynamic Properties for Lead-free Alloys

	5
	Jan Vrestal 
	Brno
	Leeds (A. Watson)
	01.12.-07.12.2003
	Thermodynamic Aspects of Lead-free Alloys

	6
	Aloke Paul
	Eindhoven
	Vienna (H. Ipser)
	02.02.-01.03.2004
	Interfacial reactions in Sn-Ag-Cu based solder interconnects and multilayer assemblies

	7
	Alan Dinsdale
	Teddington
	Brno (J. Vrestal)
	04.05.-11.05.2004
	To develop, implement and test a thermodynamic database for lead-free solder systems for COST531

	8
	Andy Watson
	Leeds 
	Brno (J. Vrestal)
	04.05.-11.05.2004
	To develop, implement and test a thermodynamic database for lead-free solder systems for COST531

	9
	Wojciech Gierlotka
	Krakow
	Brno (J. Vrestal)
	01.06.-30.06.2004
	Calculation of ternary Ag-In-Sb phase diagram with ThermoCalc Software

	10
	Anna Wierzbicka
	Krakow
	Leeds (A. Watson)
	09.06.-04.07.2004
	Thermodynamic properties of ternary liquid Ag-Cu-In alloys by high-temperature solution calorimetry

	11
	Laszlo Bencze
	Budapest
	Ljubljana (A. Popovic)
	01.11.-14.11.2004 
	Thermodynamic properties and phase equilibria of silver ternary alloys with indium, antimony and tin

	12
	Andy Watson
	Leeds
	Vienna (H. Ipser)
	18.09.-24.09.2004
	To extend, implement and test a thermodynamic database for lead-free solder systems for COST531

	13
	Alan Dinsdale
	Teddington
	Vienna (H. Ipser)
	18.09.-24.09.2004
	To extend, implement and test a thermodynamic database for lead-free solder systems for COST531

	14
	Ales Kroupa
	Brno
	Vienna (H. Ipser)
	18.09.-24.09.2004
	To extend, implement and test a thermodynamic database for lead-free solder systems for COST531

	15
	Agnieszka Betzwar
	Vienna
	Berlin (B. Michel)
	27.09.-01.10.2004
	Tests with solder joints of two lead free Sn In Ag , Sn Ag based alloys and copper foil as substrate with various solder gaps

	16
	Golta Khatibi
	Vienna
	Berlin (B. Michel)
	27.09.-01.10.2004
	Tests with solder joints of two lead free Sn In Ag , Sn Ag based alloys and copper foil as substrate with various solder gaps

	17
	Gueorgui Vassilev
	Sofia
	Guimaraes (D. Soares)
	20.10.-19.11.2004
	Microstructure and phase equilibria of Sn-Zn-X and Sn-Bi-X alloys for new lead-free solders

	18
	Jana Houserova
	Brno
	Leeds (A. Watson)
	01.11.-10.11.2004
	Investigation of the thermodynamic properties of the Pd-Bi system using a combination of experimental calorimetry and ab initio theoretical methods

	19
	J. Wojewoda
	Krakow
	Eindhoven 
(A. Kodentsov)
	15.11.-15.12.2004
	Investigation of the growth of the intermetallic phases in the Cu/In-22at%Bi/Cu interconnection

	20
	Souad MHIAOUI 
	Metz
	Chemnitz
	21.03.-20.04.2005
	Viscosity and surface tension of different  lead-free solders

	21
	Dominika Jendrzejczyk
	Krakow
	Genova
(G. Borzone)
	15.05.-15.06.2005
	Calorimetric measurements on 
Sn-Ag-Cu-In solder alloys

	22
	J. Wojewoda
	Krakow
	Eindhoven 
(A. Kodentsov)
	30.05.-28.06.2005
	Diffusion couple measurements in the Cu-Ni-Sn system

	23
	Wojciech Gierlotka
	Krakow
	Helsinki
(M. Hämäläinen)
	01.06.-30.06.2005
	Calculation of In-Sn-O phase diagram to understand the interaction of Cu-In-Sn with oxygen 

	24
	Ales Kroupa
	Brno
	Kraków (L. Zabdyr)
	01.05.-08.05.2005
	Expansion of the COST 531 Thermodynamic Database to include ternary systems

	25
	Jan Vrestal
	Brno
	Kraków (L. Zabdyr)
	01.05.-08.05.2005
	Expansion of the COST 531 Thermodynamic Database to include ternary systems

	26
	Alan Dinsdale
	Teddington
	Kraków (L. Zabdyr)
	01.05.-08.05.2005
	Expansion of the COST 531 Thermodynamic Database to include ternary systems

	27
	Andy Watson
	Leeds
	Kraków (L. Zabdyr)
	01.05.-08.05.2005
	Expansion of the COST 531 Thermodynamic Database to include ternary systems

	28
	Jiri Vizdal
	Brno
	Kraków (L. Zabdyr)
	01.05.-08.05.2005
	Expansion of the COST 531 Thermodynamic Database to include ternary systems

	29
	Adela Zemanova
	Brno
	Kraków (L. Zabdyr)
	01.05.-08.05.2005
	Expansion of the COST 531 Thermodynamic Database to include ternary systems

	30
	Dimitrios Karalekas
	Piraeus
	Lausanne (J. Botsis)
	02.10.-15.10.2005
	Measurement of strain field evolution in lead-free solder joints

	31
	Kristina Lilova
	Sofia
	Nancy (P. Steinmetz / 
J.-C. Gachon))
	01.07.-31.07.2005
	Enthalpies of formation of Sn-Zn-Ni alloys and phase equilibrium studies

	32
	Agnieszka Betzwar
	Vienna
	Berlin (B. Michel)
	21.08.-27.08.2005
	Mechanical size effect – mechanical strain field measurements of miniaturized solder joints

	33
	Sabine Knott
	Vienna
	Krakow (N. Sobczak)
	16.10.-22.10.2005
	Wetting measurements in Sn-Zn-X (X=Ag,Al) systems

	34
	Jiri Vizdal
	Brno
	Porto (H. Braga)
	18.09.-01.10.2005
	Thermodynamic optimization of the 
Bi-Sn-Zn solder system

	35
	A. Dinsdale
	Teddington
	Brno (A. Kroupa)
	19.10.-26.10.2005
	Expansion of the COST 531 Thermodynamic Database to include ternary systems

	36
	A. Watson
	Leeds
	Brno (A. Kroupa)
	19.10.-26.10.2005
	Expansion of the COST 531 Thermodynamic Database to include ternary systems

	37
	L. Bencze
	Budapest
	Ljubljana (A. Popovic)
	01.01.-31.01.2006
	Thermodynamic properties of binary In-Sn and Ag-In-Sn alloys

	38
	G. Garzel
	Kraków 
	Brno (A. Kroupa)
	13.03.-22.03.2006
	Thermodynamic reassessment of the Ag-Bi-Sn system

	39
	S. Mhiaoui
	Metz
	Chemnitz (W. Hoyer)
	01.04.-30.04.2006
	Investigation of wetting properties of lead- and lead-free solders

	40
	A. Dinsdale
	Teddington 
	Kraków (L. Zabdyr)
	22.04.-29.04.2006
	Expansion and implementation of the COST 531 Thermodynamic Database for lead-free solder systems

	41
	A. Kroupa
	Brno
	Kraków (L. Zabdyr)
	22.04.-29.04.2006
	Expansion and implementation of the COST 531 Thermodynamic Database for lead-free solder systems

	42
	J. Vrestal
	Brno
	Kraków (L. Zabdyr)
	22.04.-29.04.2006
	Expansion and implementation of the COST 531 Thermodynamic Database for lead-free solder systems

	43
	A. Zemanova
	Brno
	Kraków (L. Zabdyr)
	22.04.-29.04.2006
	Expansion and implementation of the COST 531 Thermodynamic Database for lead-free solder systems

	44
	J. Vizdal 
	Brno
	Kraków (L. Zabdyr)
	22.04.-29.04.2006
	Expansion and implementation of the COST 531 Thermodynamic Database for lead-free solder systems

	45
	A. Watson
	Leeds
	Kraków (L. Zabdyr)
	22.04.-29.04.2006
	Expansion and implementation of the COST 531 Thermodynamic Database for lead-free solder systems

	46
	J. Pstrus
	Kraków 
	Bratislava (P. Sebo)
	15.05.-03.06.2006
	Measurement of contact angles of Sn-Ag-Cu-In alloys

	47
	W. Plumbridge
	Milton Keynes
	Vienna (H. Ipser)
	12.06.-17.06.2006
	Mechanical behaviour of micro joints in electronics

	48
	K. Lilova
	Sofia
	Nancy (P. Steinmetz)
	01.06.-30.06.2006
	Enthalpies of formation and phase equilibria studies of Sn-Bi-Ni

	49
	W. Plumbridge
	Milton Keynes
	Kraków (N. Sobczak)
	04.09.-09.09.2006
	Comparison of measurements of strength of samples by tension and by shear of sessile drop samples

	50
	R. Nowak
	Kraków
	Vienna (A. Mikula)
	27.03.-19.04.2006
	Calorimetric studies of the effect of alloying additions on interaction in Sn-Zn-Ag system

	51
	A. Dinsdale
	Teddington
	Brno (A. Kroupa)
	26.10.-03.11.2006
	Analysis and critical assessment of datasets for ternary systems to develop an expanded version of the COST 531 Thermodynamic Database

	52
	A. Watson
	Leeds
	Brno (A. Kroupa)
	26.10.-03.11.2006
	Analysis and critical assessment of datasets for ternary systems to develop an expanded version of the COST 531 Thermodynamic Database

	53
	C. Schmetterer
	Vienna
	Eindhoven 
(A. Kodentsov)
	30.10.-30.11.2006
	Investigation of binary Ni-P and ternaryNi-P-Sn samples by DTA, XRD, SEM, and EPMA

	54
	St. Amore
	Genova
	Vienna (H. Ipser)
	10.12.-15.12.2006
	Drop calorimetric measurements of enthalpies of mixing of some binary and ternary liquid alloys of relevance for lead-free soldering

	55
	A. Watson
	Leeds
	Genova (G. Borzone)
	03.12.-08.12.2006
	Thermodynamic assessment of the Au-In-Sn system

	56
	A. Kudyba
	Kraków
	Augsburg (J. Villain)
	27.11.-15.12.2006
	Investigation of the nano-hardness of different phases in model solder-substrate samples

	57
	Suzana Fries
	Aachen
	Teddington 
(A. Dinsdale)
	02.12.-08.12.2006
	Crystallography and thermodynamic modeling compatibility

	58
	A. Watson
	Leeds
	Brno (A. Kroupa)
	04.02.-09.02.2007
	Analysis and critical assessment of datasets for ternary systems to develop a final version of the COST 531 Thermodynamic Database

	59
	A. Dinsdale
	Teddington
	Brno (A. Kroupa)
	04.02.-09.02.2007
	Analysis and critical assessment of datasets for ternary systems to develop a final version of the COST 531 Thermodynamic Database
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	K. Zeng, V. Vuorinen, and J.K. Kivilahti, Interfacial Phase Formation in Lead-free Sn-Ag-Cu Solder Joints with Ni/Au Coated Boards, IEEE Transactions on Component, Packaging and Manufacturing Technology 25 (2002), 162 167.

	3. 
	H. Yu and J.K. Kivilahti, Thermal Modelling of Reflow Process,  Soldering and Surface Mount Technology, 14 (2002), 38-44.
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	B. Michel, H. Walter, A new testing technique for evaluation of lead-free solder interconnects in high temperature electronics, High Temperature Electronics Conference, Sept. 4-9, 2005, Paris, France.

	18. 
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	A. Mitovski, Thermodynamic analysis and phase equilibria investigation in Ag-In-Sn system (B. Sci. Thesis) University of Belgrade, Technical Faculty, Bor, Serbia and Montenegro (2005).
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	Elogne Zoro, Contribution a l’Elaboration de Nouveaux Materiaux de Soudure sans Plomb: Etude Experimentale et Evaluation Thermodynamique des Systemes Ternaires Ag-Au-Bi/Sb (PhD Thesis), Universite Paris-Sud XI, December 2005.
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	T. Lanata, Studio delle condizioni di ossidazione di metalli liquidi: estensione all’Indio (Tesi di Laurea in Ingegneria Chimica e di Processo), Università di Genova, November 2005.
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	T.T. Mattila, Reliability of High-Density Lead-Free Solder Interconnections under Thermal Cycling and Mechanical Shock Loading, Doctoral Dissertation, Helsinki University of Technology, Espoo, Finland (2005) (http://lib.tkk.fi/Diss/2005/isbn9512279843/).
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	Souad Mhiaoui, Lead Free Solders: influence of additives and nanoparticles on the physical properties of lead free solders (PhD Thesis), University Paul Verlaine of Metz, France, (2006).
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	L. Gomidželović, Comparative thermodynamic analysis and phase equilibria investigation in Au-In-Sb system (M.Sc. Thesis), University of Belgrade, Technical Faculty, Bor, Serbia (2006 submitted).
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	D. Janjić, Thermodynamic analysis and phase equilibria investigation in Ga-Sb-Pb system (B.Sc. Thesis), University of Belgrade, Technical Faculty, Bor, Serbia, (2006).
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	Kristina Lilova, Calorimetric and phase diagram studies of systems constituted by transition metals with Sn and Bi (PhD Thesis), University of Nancy, France, and University of Sofia, Bulgaria (to be defended in 2007).
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	Evgeni Dobrev, Phase diagrams of prospective tin-based solder systems (PhD Thesis), University of Montpellier, France, and University of Sofia, Bulgaria (to be defended in 2007).
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	Stefano Amore, Studio di leghe bassofondenti per saldature esentia da Pb (PhD Thesis), University of Genoa, Italy (2007).
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	Jiri Vizdal, Phase equilibria in the lead-free solder systems (PhD Thesis), Technical University Brno,  (2006).

	44. 
	A. Kudyba, Effect of alloying additions on wetting properties, interface structure and bonding of solder/Cu couples (PhD Thesis). Foundry Research Institute, Krakow, Poland (final PhD exam planned in 2008).

	45. 
	Anna Wierzbicka, Thermodynamic Properties of Ag-Cu-In Alloys in Potential Applications as Lead-Free Solders, Institute of Metallurgy and Materials Science, Polish Academy of Sciences, Krakow, Poland (2006)

	46. 
	Grzegorz Garzeł, Phase Equilibria in the Ternary Ag-Bi-Sn Alloys, Institute of Metallurgy and Materials Science, Polish Academy of Sciences, Krakow, Poland (2007).

	47. 
	Zuoan Li, Thermodynamic and Physicochemical Investigations of Lead-free Solders, University of Vienna (2007).

	48. 
	J. Wojewoda-Budka, Structural characterization of diffusional soldering of copper by indium alloys, IMMS PAS, Krakow (2007).

	49. 
	J. Pstrus, Physicochemical properties of lead-free Sn-Zn-In alloys, IMMS PAS Krakow (started 2003).

	50. 
	Vesa Vuorinen, Interfacial Reactions Between Sn-Based Solders and Common Metallisations Used in Electronics, Doctoral Dissertation, Helsinki University of Technology, Espoo, Finland (2006) (http://lib.tkk.fi/Diss/2006/isbn9512285274/).

	51. 
	Hao Yu, Combined Thermal, Thermodynamic and Kinetic Modelling for the Reliability of High-Density Lead-Free Solder Interconnections, Doctoral Dissertation, Helsinki University of Technology, Espoo, Finland (2006) (http://lib.tkk.fi/Diss/2006/isbn9512284642/).

	52. 
	Pekka Marjamäki, Vibration test as a new method for studying the mechanical reliability of solder interconnections under shock loading conditions, Doctoral Dissertation, Helsinki University of Technology, Espoo, Finland (2007) (http://lib.tkk.fi/Diss/2007/isbn9789512287352/).

	53. 
	Essi Kaloinen, Reliability of SnAgCu Interconnections with Minor Additions of Ni or Bi under Mechanical Shock Loading at Different Temperatures, Dept. of Materials Science and Engineering, Helsinki University of Technology (2007).

	54. 
	Lauri Suotula, Large Amplitude Vibration Testing of Electronic Assemblies at Different Temperatures, Dept. of Electrical and Communications Engineering, Helsinki University of Technology (2007).




6.1.7. Books

	1. 
	W.J. Plumbridge, R.J. Matela, A. Westwater, Structural Integrity and Reliability in Electronics – Enhancing Performance in a Lead-Free Environment, ISBN: 1-4020-1765-0, Kluwer, 2004.

	2. 
	N. Sobczak, R. Asthana, M. Singh (Editors), High-Temperature Capillarity and Interfacial Phenomena, published in Current Opinion in Solid State & Materials Science, vol. 9, Elsevier, 2006.

	3. 
	N. Sobczak, K. Pietrzak, A. Kudyba, R. Nowak, J. Sobczak, A. Wojciechowski, ATLAS of microstructures of solder alloys and solder/metal interfaces, Part I: Optical Microscopy, Motor Transport Institute, Warsaw, 2007.

	4. 
	N. Sobczak, K. Pietrzak, E. Sienicki J. Sobczak, A. Wojciechowski, ATLAS of microstructures of solder alloys and solder/metal interfaces, Part II: Scanning Electron Microscopy, Motor Transport Institute, Warsaw, 2007.



6.2
Conferences and Workshops
	1. 
	Research consortium “Impact of Miniaturization on Manufacturing and Reliability of Electronics” consisting of the Lab. of Electronics Production Technology (HUT) and its industrial partners Nokia Mobile Phones, Nokia Networks, Elcoteq Networks, Aspocomp Group, Atotech GmbH, Multicore Solders and Alpha Metals has organized three workshops including the topics of the WG3

	2. 
	B. Michel and co-workers, SMT Nürnberg, 17. 6. 2004, Organization of the Workshop „Zuverlässigkeit von Mikro- bis Nano – moderne Meßtechnik und Simulation”

	3. 
	B. Michel and co-workers, Materials Week Munich, 21.-23.9.2004, Organization of the Workshop “Nano- and Micromechanics”

	4. 
	H. Ipser, A. Mikula, and co-workers, COST 531 Workshop, within: Thermodynamics of Alloys – TOFA 2004, September 12-17, 2004, Vienna, Austria.

	5. 
	J. Botsis and co-workers, COST 531 Midterm Meeting, February 24-25, 2005, Lausanne, Switzerland.

	6. 
	J. Janczak-Rusch, J. Botsis, and H. Ipser (Organizers), E-MRS Fall Meeting 2005, Symposium H “Filler metals, solders and joints for the next generation”, Sept. 5-8, 2005, Warsaw, Poland. 

	7. 
	D. Zivkovic and co-workers, III Yugoslav Symposium on thermodynamics and phase equilibria, Technical Faculty in Bor, 24 June 2005, Bor, Serbia and Montenegro.

	8. 
	B. Michel (Organizer), Conference “MicroCar 2005“, 21/22 June 2005, (Special Workshops on "High Temperature Electronics" and "Reliability" where the problems of solder joints for lead-free materials were an important topic), Leipzig, Germany.

	9. 
	C. R. Kao, K. N. Subramanian, W. Plumbridge (Organizers), Lead-Free and Lead-Bearing Solders Symposium, Materials Science & Technology 2004 Conference, September 26-30, 2004, New Orleans, LA, USA.

	10. 
	D. Swenson, S. Chada, S. W. Chen, C. R. Kao, H. M. Lee, S. E. Mohney, K. Suganuma (Organizers), Phase Stability, Phase Transformations, and Reactive Phase Formation in Electronic Materials IV Symposium, The Minerals, Metals & Materials Society 2005 Annual Meeting, February 13-17, 2005, San Francisco, CA, USA.

	11. 
	Eric J. Cotts C. R. Kao Mark A. Palmer K. N. Subramanian Paul T. Vianco M. Nair (Organizer), Current Topic in Electronic Packaging: Pb-Free Solders, Thermal Management Symposium, Materials Science & Technology 2005 Conference, September 25-28, 2005, Pittsburgh, PA, USA. 

	12. 
	K. Suganuma, D. Swenson, S. Chada, S. W. Chen, C. R. Kao, H. M. Lee, S. E. Mohney (Organizer), Phase Stability, Phase Transformations, and Reactive Phase Formation in Electronic Materials V Symposium, March 12-16, 2006, The Minerals, Metals & Materials Society 2006 Annual Meeting, San Antonio, TX, USA.

	13. 
	D. Zivkovic, Z. Zivkovic (Organizer), II Round Table THERPHAD (Thermodynamics and Phase Diagrams), June 30 -  July 2, 2006, Zaječar, Serbia. 

	14. 
	G. Bporzone and co-workers, COST 531 Joint Working Group Meeting, February 23-25, 2006, Genoa, Italy.

	15. 
	A. Mikula, H. Ipser, and co-workers, COST 531 Final Meeting, May 17-18, 2007, Vienna, Austria.
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	1
	A1/1+4: Thermodynamic investigations of lead-free solder materials
	Mikula, Prof. Adolf

mikula@
ap.univie.ac.at
	Inst. f. Anorganische Chemie, Universität Wien,
Währingerstr. 42
A-1090 Wien
	A
	emf measurements, calorimetric measure​ments, 
oxidation behavior
	

	1
	A2/1+2: Interaction of the lead-free solder systems Ag-Sn and Ag-Cu-Sn with Ni as contact material: Thermochemical and electrical properties, related phase diagrams and thermochemical calculations
	Flandorfer, Dr. Hans

hans.flandorfer@
univie.ac.at
	Inst. f. Anorganische Chemie, Universität Wien,
Währingerstr. 42
A-1090 Wien
	A
	calorimetric measure​ments;
emf-measurements;
DTA; XRD; EPMA;
phase diagram calculations
	diffusion measurements;
physical properties;
corrosion 

	1
	A5/1+3: Interactions of lead-free solders with Ti-containing metallizations
	Schuster, Prof. Julius C.

julius.schuster@
univie.ac.at
	Institut für Physikalische Chemie
Universität Wien
Währingerstr. 42
A-1090 Wien
	A
	interaction between Sn- and In-based solders and Ti-containing metallizations;
loss of adhesion;
wetting behavior
	reflow and wave soldering under near industry conditions;
adhesion testing;
mechanical testing

	1
	BG1/1+2+3: Phase Diagrams of potential lead-free solders
	Vassilev, Prof. Gueorgui P.

gpvassilev@excite.com
	University of Sofia
Faculty of Chemistry
1, J. Bourchier Ave.
BG-1164 Sofia
	BG
	Thermodynamics;
microstructure;
physical and mechanical properties (surface tension, density, viscosity, thermal fatigue);
electrical properties;

Ti-containing solders
	preparation of materials

	1
	D12/1+3: Investigation of quaternary additions to Sn-Ag-Cu solders
	Wielage, Prof. Bernhard

info@
wsk.tu-chemnitz.de
	Lehrstuhl für Verbundwerkstoffe
Fakultät für Maschinenbau und Verfahrenstechnik
TU Chemnitz
D-09107 Chemnitz
	D
	Cu-Ag-Sn+M (M=Ni, Pd, Au, Fe, Mg);
wetting;
thermodynamics; DTA;
microstructure;
SEM, TEM;
long-time exposure at 120°C, 150°C
	

	1
	D14/1: Crystal structures of inter​metallics in lead-free solder joints
	Grin, Dr. Yuri

grin@cpfs.mpg.de
	Max Planck-Institut für Chemische Physik fester Stoffe
Nöthnitzer Str. 40
D-01187 Dresden
	D
	crystal structure; 
X-ray diffraction (powder and single crystals)
	

	1
	F1/1+2: Multicomponent phase equilibria studies in the systems based on Sb-Zn binaries. Experimental study and modelling
	Record, Dr. Marie-Christine

record@
lpmc.univ-montp2.fr
	Lab. de Physico-chimie de la Matière Condensée
UMR CNRS 5617, cc03
Université Montpellier II
Place E. Bataillon
F-34095 Montpellier
	F
	M-Sb-Zn: X-ray, DTA, DSC, EMPA, metallographie;

phase diagram calculations
	(cooperation with D1/2, D2/2+1)

	1
	F2/1+2: Experimental and calculate phase diagram Au-Ag-Bi-Sb
	Legendre, Prof. Bernard
	
	F
	Au-Ag-Bi, Au-Ag-Sb, Au-Bi-Sb: DSC, X-ray, metallography, EPMA
	

	1
	F3/1+2: Phase Diagrams of potential lead-free solders
	Tédenac, Prof. Jean-Claude

tedenac@
lpmc.univ-montp2.fr
	Univ. of Montpellier 2
Lab. de Physico-Chimie de la Matiére Condensée
Pl. E. Bataillon
F-34095 Montpellier Cedex 05
	F
	Thermodynamics;
microstructure;
X-ray; 
SEM;
microprobe
	preparation of materials

	1
	I1/1+2+3+4: Contribution to the constitutional and technological characterization of selected groups of lead-free alloys as soldering materials
	Ferro, Prof. Riccardo

ferro@chimica.unige.it
	Università di Genova
Dipartimento di Chimica e Chimica Industriale
Via Dodecaneso, 31
I-16132 Genova
	I
	phase diagrams of Bi, In, Sn, Zn based systems – experimental and optimization;
thermodynamic properties;
oxidation behavior;
surface tension;
mechanical properties
	(in cooperation with:
Univ. of Leeds – A. Watson,
Univ. d’Aix-Marseille I – J.P. Bros,
Omodeo – V. Cinelli,
Univ. Roma – D. Gozzi,
ICFAM – CNR – E. Ricci,
Istituto Italiano della Saldatura – C. Rosselini)

	1
	PT1/1+3+4: Properties of lead-free solder alloys for the electronic industry
	Castro, Prof. Fernando;
Soares, Dr. Delfim

dsoares@
dem.uminho.pt
	University of Minho
	PT
	Sn-Bi-Cu and Sn-Zn-Al:
phase equilibria; 
kinetics of oxidation; wettability; 
mechanical properties
	Modeling of phase equilibria

	1
	PL1/1: Thermodynamics of Ag-In, Ag-Ga, and Ag-In-Ga liquid solutions
	Fitzner, Prof. Krzysztof

nmfitzne@imim-pan.krakow.pl
	Lab. of Physical Chemistry, Faculty of Non-Ferrous Metals, AGH, 
30 Mickiewicza Ave.
PL-30-059 Kraków
	PL
	emf measurements
	calorimetric measurements, DTA

	1
	PL3/1:  Diffusion soldering – candidate for a lead-free interconnection technology
	Zieba, Prof. Pawel

nmzieba@
imim-pan.krakow.pl
	Polish Academy of Sciences
Inst. of Metallurgy and Materials Science

PL-XXXXX Kraków
	PL
	diffusion in sandwiched layers (substrate/solder/substrate)
	mechanical testing;
thermal stability

	1
	SLO1/1: Knudsen cell mass spectro​metric determination of activities in selected binary and ternary alloys
	Popovic, Dr. Arkadij

arkadij.popovic@ijs.si
	Jozef Stefan Institute
Jamova 39
SLO-1001 Ljubljana
	SLO
	thermodynamic activities by Knudsen cell mass spectrometry
	

	1
	YU1/1+2: Thermodynamic investigation of some Ga-based lead-free solder materials
	Zivkovic, Dr. Dragana

dzmaca@ptt.yu,
jmm@eunet.yu
dzivkovic@tf.bor.ac.yu
	Dept. of Metallurgy VJ12
Technical Faculty
Univ. of Belgrade
YU-19210 Bor
Yugoslavia
	YU
	thermodynamics (DSC, calorimetry);
Phase diagrams (thermal analysis, XRD)
	thermodynamic investigations

	
	
	
	
	
	
	

	2
	CH1/2+1: Theoretical modelling of phase diagrams and their experimental verification
	Janczak-Rusch, Dr. Jolanta

jolanta.janczak@
empa.ch
	EMPA Dübendorf
Section Surface and Joining Technology
Überlandstrasse 129
CH-8600 Dübendorf
	CH
	theoretical modelling of phase diagrams and kinetics;
experimental verification
	thermochemical data;
alloy production;
experimental verification of phase diagrams

	2
	CZ1/2: Theoretical study of phase diagrams of low-melting binary and ternary alloys, their preparation and characterization
	Drápala, Doc. Jaromír

jaromir.drapala@
vsb.cz
	Technical University of Ostrava
tr. 17. listopadu
CZ-708 33 Ostrava – Poruba

	CZ
	phase diagram calculations in binary and ternary systems (Sn, Cu, Ag, Zn, In, Bi, Sb)
	cooperation with researchers doing experiments

	2
	CZ2/2: Theoretical modeling of phase diagrams of low-melting point alloys
	Vrestál, Prof. Jan

vrestal@
chemi.muni.cz
	Dept. of Theoretical and Physical Chemistry
Masaryk University
Kotlárská 2
CZ-611 37 Brno
	CZ
	phase diagram calculations in tin-based alloys (Sn, Cu, Ag, Zn, In, Bi, Sb)
	cooperation with researchers doing experiments

	2
	CZ3/2+1: The theoretical modelling and experimental study of phase diagrams in selected systems for lead-free soldering
	Kroupa, Dr. Aleš

kroupa@ipm.cz
	Institute of Physics of Materials
AS CR
Zizkova 2
CZ-611 37 Brno
	CZ
	phase diagram calculations in binary and ternary systems (Sn, Cu, Ag, Zn, In, Bi, Sb);
EPMA; metallography
	cooperation with researchers doing experiments and theoretical assessments of multicomponent systems

	2
	D1/2: Development of a thermodynamic database for low melting temperature alloys as support to control environment detrimental materials
	Zinkevich, Dr. Matsvei

zinkevich@mf.mpg.de
	MPI für Metallforschung
PML
Heisenbergstr. 3
D-70569 Stuttgart
	D
	CALPHAD calculations on selected subsystems (Ag, Bi, Cu, Pb, Sb, Sn, Zn)
	experimental support
(cooperation with D2/2+1, F1/1+2)

	2
	D13/2+1+3: Investigation of thermochemical, thermophysical and transformation properties of lead-free solders
	Schneider, Prof. J.

schneider@
mch.rwth-aachen.de
	Lehrstuhl für Werkstoffchemie
RWTH Aachen
Kopernikusstr. 16
D-52074 Aachen
	D
	thermochemical properties;
thermophysical properties; calculation of surface tension and viscosity;
database with kinetic coefficients
	equilibria and diffusion processes (WG 1);
surface tension, viscosity, wettability (WG 3)

	2
	D2/2+1: Thermodynamic modeling of stable and metastable complex solution phases as A2, B2, D03 and D82, appearing in alloys containing Ag, Bi, Cu, In, Pb, Sb, Sn, Zn
	Fries, Dr. Susanna G.

s.g.fries@
access.rwth-aachen.de
	ACCESS e.V.
Materials and Processes
RWTH Aachen
Intzestrasse 5
D-52072 Aachen
	D
	thermodynamic modeling;

	(cooperation with D1/2, F1/1+2)

	
	
	
	
	
	
	

	3
	CDN1/3+5: Accelerated thermal fatigue testing of Sn-Pb and Pb-free solder joints
	Spelt, Prof. Jan K.
	University of Toronto
	CDN
	thermal fatigue;
development of models for strain, stresses, ...;
influence of accelerated testing parameters ...;
assessment of accuracy of available reliability models ...
	

	3
	CDN2/3+5: Microstructural characterization of lead-free Sn-Ag-Cu solder
	Perovic, Prof. Doug D.
	University of Toronto
	CDN
	effects of Pb, Au, Ag, and Pd contamination on microstructure, thermal and mechanical propeties
	

	3
	CH2/3+5+6: Correlation between the properties of lead-free solder materials and the overall behavior of their joints
	Harzenmoser, Dr. Marc

marc.harzenmoser@
empa.ch
	EMPA Dübendorf
Section Surface and Joining Technology
Überlandstrasse 129
CH-8600 Dübendorf
	CH
	mechanical tests (tensile, shear, creep, fatigue);
corrosion; 
non-desdtructive methods to predict joint behavior;
theoretical models to predict joint behavior
	partners applying lead-free solders (microelectronics industry);
partners experienced in modeling and testing solders

	3
	CH3/3+5+6: Formation of intermetallic compounds and whisker growth in lead-free solders
	Egli, Dr. André
	Shipley Scheiz AG
CH-6014 Littau-Lucern
	CH
	EPMA; TEM; XRD; AFM
	(in cooperation with CH2/3+5+6)

	3
	D3/3+6: Control of microstructure formation in lead-free solder joints – “CONTROLDER”
	Schmitz, Dr. G.J.

g.j.schmitz@access.rwth-aachen.de
	ACCESS e.V.
Materials and Processes
RWTH Aachen
Intzestrasse 5
D-52072 Aachen
	D
	experimental investigation of microstructure formation (effects of dopants);
numerical simulations
	information from WGs 1 and 2;
information on boundary conditions from WG 6

	3
	D7/3+5: Determination of mechanical properties of eutectic and non eutectic lead free solder materials or solder joints depending on temperature and strain rate with regard to the microstructure. Reliability of solder joints to fatigue at low mechanical frequency depending on microstructure. Determination of crack behaviour of solder joints (flip chip) using micro waves
	Villain, Prof. Jürgen

villain@lrz.uni-muenchen.de
	Fachbereich Elektrotechnik
Fachgebiet: Werkstoffe und Fertigungsverfahren der Elektrotechnik 
Fachhochschule Augsburg
Baumgartnerstr. 16
D-86161 Augsburg
	D
	stress-strain, creep as a function of temperature and strain rate;
reliability of solder joints to fatigue at low mechanical frequency
	cooperation with A3/5+3, D5/5+3, D4/5

	3
	D9/3+5: Power Electronics
	Lefranc, G.

guy.lefranc@
mchp.siemens.de
	Siemens
CT MS4
Otto-Hahn-Ring 6
D-81739 München
	D
	specimen preparation;
mechanical and electrical properties of high-melting solders;
modeling of creep;

solder layer fatigue;
reliability under temperature/vibration stress;
damage mechanism;
model verification
	

	3
	D10/3+5: constitutive laws and fatigue properties of lead-free solders
	Wiese, Dr. Steffen

wiese@
ihm.et.tu-dresden.de
	TU Dresden
Inst. f. Halbleiter- und Mikrosystemtechnik
Mommsenstr. 13
D-01069 Dresden
	D
	creep shear tests (flip chip solder joints, PCBs);
isothermal fatigue (flip chip);
microstructure of lead-free solders
	

	3
	D14/3: Influence of heat treatment on melt properties
	Hoyer, Prof. Walter

hoyer@physik.tu-chemnitz.de
	TU Chemnitz
Institut f. Physik
D-09107 Chemnitz
	D
	short range order and medium range order in liquid Sn-based binary and ternary alloys (Synchrotron radiation, neutron diffraction);
viscosity, density, surface and interfacial tension
	Small-angle and wide-angle neutron scattering

	3
	E1/3: 
	Duran, Dr. J.
Amo, Dr. J.M.

jduran@cenim.csic.es
	CENIM (CSIC)
Avda. Gregorio del Amo, 8
E-28040 Madrid
	E
	mechanical testing (tensile, shear, creep, fatigue);
metallography, SEM
	

	3
	F4/3: The role of nanoparticles and nanodroplets in the physical and mechanical performance of industrial lead-free solders
	Gasser, Prof. Jean-Georges

gasser@
sciences.univ-metz.fr
	Laboratoire de Physique des Liquides et des Interfaces
Institut de Physique et Chimie
Université de Metz
1 Bd. D.F. Arago
F-57078 Metz
	F
	preparation of melts containing nanograins or nanodroplets;
electrical and thermal cond.; diffusion;
SAXS; SANS;
wettability;
magnetic properties;
microscopy of solders on different levels;
thermal expansion, tensile, shear, creep, fatigue,...;
modeling
	in cooperation with 11 other laboratories in D, F, Russia(?), Ukraine(?)

	3
	F6/3: Microstructural and chemical evolution of lead free solder materials with elaboration and service conditions
	Silvain, Dr. Jean-Francois

silvain@icmcb.u-bordeaux.fr
	ICMCB – CNRS
87, Av. du Dr. Albert Schweitzer
F-33608 Pessac
	F
	microstructure;
chemical characterization;
correlation between microstructure and mechanical behavior;
microstructure under cycling conditions
	

	3
	PL2/3+5: Lead-free solders: the effect of wetting-interface structure-bond strength interrelationship on utility properties of solder joints
	Sobczak, Dr. Jerzy

sobczak@iod.krakow.pl
	Foundry Research Institute
73 Zakopianska St.
PL-38-418 Krakow
	PL
	physical properties;
electrical properties;
mechanical properties;
surface tension, wetting;
microstructure;

reliability investigations
	Thermodynamic calculations;
HR-TEM;
push-off shear tests;
production of real joints under industrial conditions

	3
	PL4/3: Measurements of surface tension and density of the (Ag-Sn-Cu)eut+Sb alloys
	Moser, Prof. Zbigniew

mmmoser@
imim-pan.krakow.pl
	Inst. of Metallurgy and Materials Science
Reymonta St. 25
PL-30-059 Kraków
	PL
	density and surface tension of 
Ag-Sn-Cu-Sb (maximum bubble pressure)
	

	3
	PL5/3: Model for the formation of multi-layers structure during diffusive soldering
	Wolczynski, Prof. Waldemar

nmwolczy@imim-pan.krakow.pl
	Inst. of Metallurgy and Materials Science
Reymonta St. 25
PL-30-059 Kraków
	PL
	modeling of diffusive soldering
	preparation of actual joints

	3
	S1/3+5+2: Wettability and reliability modelling and characterization of lead-free solders
	Liu, Prof. Johan

johan.liu@
me.chalmers.se
	Division for Electronics Production
Chalmers Univ. of Technology
Argongatan 30
S-431 53 Mölndal, Göteborg
	S
	thermodynamic assessment of Ag-Cu-O-Sn;
wettability;
low-cycle fatigue life;
degradation mechanisms;
theoretical prediction of fatigue life
	Determination of oxygen content in solders;
thermodynamic databases

	3
	SK1/3+5: Lead-free solder materials for joining of composite with other materials
	Sebo, Dr. Pavel

ummssebo@savba.sk
	Inst. of Materials and Machine Mechanics
Slovak Academy of Sciences
Ra?ianska 75
SK-831 02 Bratislava 3
	SK
	preparation of alloys and composites;
wettability and surface tension;
metallographic study of joints;
shear strength
	

	3
	UK2/3+5: Properties and life prediction of lead-free solder joints
	Plumbridge, Prof. William J.

W.Plumbridge@
open.ac.uk
	Dept. of Materials Engineering
The Open university
Milton Keynes
MK7 6AA
	UK
	experimental investigation of mechanical properties (tensile/shear, creep, fatigue, thermal cycling) in Ag-Sn, Cu-Sn, Ag-Cu-Sn;
equations for life prediction;
microstructure
	Experience with large-scale PCB evaluation;
special equipment for real joint strength testing;
expertise in FE modeling

	3
	UK3/3+5: Correlation between bulk solder properties and interconnection performance
	Plumbridge, Prof. William J.

W.Plumbridge@
open.ac.uk
	Dept. of Materials Engineering
The Open university
Milton Keynes
MK7 6AA
	UK
	experimental mechanical tests on model joints and actual joints on boards – comparison of data – establishment of correlation factor
	Experience with large-scale PCB evaluation;
special equipment for real joint strength testing;
expertise in FE modeling

	3
	UK4/3+5: Constitutive relationships for the mechanical behaviour of lead-free solders
	Plumbridge, Prof. William J.

W.Plumbridge@
open.ac.uk
	Dept. of Materials Engineering
The Open university
Milton Keynes
MK7 6AA
	UK
	development of history-dependent mechanistic damage equations
	Experience with TEM of solder alloys

	3
	UK5/3+5: The role of intermetallic compounds in the performance of lead-free solder joints
	Plumbridge, Prof. William J.

W.Plumbridge@
open.ac.uk
	Dept. of Materials Engineering
The Open university
Milton Keynes
MK7 6AA
	UK
	Influence of intermetallic compounds thickness on tensile, fatigue, creep and thermomechanical fatigue behavior of model and actual interconnections;
metallography
	Experience with large-scale PCB evaluation;
special equipment for real joint strength testing;
expertise in FE modeling

	
	
	
	
	
	
	

	4
	A4/4: Environmental aspects of lead-free soldering materials
	Krachler, Prof. Regina

regina.krachler@univie.ac.at
	Institut für Anorganische Chemie
Universität Wien
Währingerstr. 42
A-1090 Wien
	A
	simulation of waste disposal (Ag-In-Sn; Ag-In-Pd-Sn);
mobility and chemical behavior of released metal ions;
formation of organo​metallic In- and Sn-compounds
	Speciation of organotin and organoindium compounds in the environment;
modeling of mobility of heavy metals in sediments and soils

	4
	A6/4: Environmental fate of soldering materials disposed in sanitary landfills
	Lorber, Prof. Karl E.

enttech@unileoben.ac.at
	Inst. for Waste Management and Landfill Technologies
University of Leoben
Peter Tunnerstr. 15
A-8700 Leoben
	A
	simulation of disposal of soldering materials and electronic wastes;
mobility of heavy metals ions in soil;
formation of organic and inorganic Sn-, Cu-, Ag-, and Bi-compounds
	Speciation of organotin and organoindium compounds in soil, water and sediments

	
	
	
	
	
	
	

	5
	A3/5+3: Thermo-mechanical properties of lead-free solder materials
	Weiss, Prof. Brigitte

weiss@ap.univie.ac.at
	Inst. of Material Physics
University of Vienna
Strudlhofgasse 4
A-1090 Wien
	A
	Elastic properties; 
elast-plastic properties;
plastic behavior;
creep response;
thermal strain; 
CTE for packaging structures ...
	cooperation with D5/5+3; cooperation with WG 3

	5
	BG2/5: Numerical calculations and computer simulation of different stages of lead-free soldering process
	Drenchev, Dr. Ludmil Borisov

ljudmil.d@ims.bas.bg
	Institute of Metal science
Bulgarian Academy of Science
67, Shipchenski Prohod Street
BG-1574 Sofia
	BG
	Prediction of thermal-cycle fatigue-life and life time
	

	5
	CDN3/5+6: The effect of the higher soldering temperatures required for lead-free solders on the incidence of conduc​tive anodic filament (CAF) formation 
	Turbini, Dr. Laura J.
	Centre for Microelectronics Assembly and Packaging
University of Toronto
	CDN
	CAF formation with different fluxes;
different test boards;
effect of voltage gradient
	(close interaction with CMAP companies)

	5
	CDN5/5: Metallurgical reactions between lead-free solders and printed board pad finishes
	Corbin, Dr. S.F.

scorbin@
mecheng1.uwaterloo.ca
	Dept. of Mechanical Engineering
University of Waterloo
Waterloo, Ontario
	CDN
	interactions between solders and PCB metal pad finishes (in solid and liquid state)
	experience with mechanical behavior of bulk solder and joint properties (creep, creep-fatigue interactions, reliability)

	5
	D4/5: Microstructural change in solders: computational modeling and experimental verification
	Müller, Prof. Wolfgang H.

wolfgang.h.mueller@
tu-berlin.de
	TU Berlin
Fakultät V
Institut für Mechanik
Einsteinufer 5
D-10587 Berlin
	D
	microstructure modeling (phase field theory, discrete Fourier transform techniques, FE modeling);
experimental homegization techniques;
nano-indentor tests; micro-fatigue tests
	

	5
	D5/5+3: Thermo-mechanical reliability of lead-free solder materials
	Michel, Prof. Bernd

bernd.michel@
izm.fraunhofer.de
	Fraunhofer Institute IZM Berlin
Micro Materials Center
Gustav-Meyer-Allee 25
D-13355 Berlin
	D
	thermo-mechanical testing;
creep and fatigue tests;
development of new testing methods (microdeformation behavior);
thermo-mechanical simulation, fracture analysis, life-time estimations ...
	higher temperature applications;
creep laws for lead-free soldering;
materials testing

	5
	D6/5+3+6: Thermomechanical reliability of lead-free solder materials
	Auerswald, DI Ellen

ellen.auerswald@
izm.fraunhofer.de
	Technical University Berlin
Schwerpunkt Technologien der Mikroperipherik
Sekr. TIB 4/2-1
Gustav-Meyer-Allee 25
D-13355 Berlin
	D
	Fatigue and creep test;
thermal and mechanical simulation of solder materials;
stress and strain analysis
	collaboration within WG 5 (esp. D5/5+3);
collaboration with WG 3 and 6

	5
	D11/5+6: Processability of lead-free solder pastes & influence of assembly process parameters on the reliability of lead-free SMT solder joints
	Wolter, Prof. K.J.
Hagen, DI G.

wolter@
iet.et.tu-dresden.de
hagen@
iet.et.tu-dresden.de
	Dresden University of Technology
Electronics Technology Laboratory
D-01062 Dresden
	D
	processability of lead-free solder pastes;
mechanical prop. (shear strength) of SMT solder joints;
formation of voids;
flux-free soldering
	

	5
	F5/5: Reliability of lead-free solder joints
	Zardini, Prof. Christian

zardini@
ixl.u-bordeaux.fr
	Laboratoire IXL
ENSEIRB
Université Bordeaux 1
CNRS UMR 5128
351 Cours de la Libération
F-33405 Talence Cedex
	F
	aging experiments;
microanalysis;
thermomechanical finite element simulation;
modeling
	contacts with Siemens Munich (Prof. Wolfgang);
participation in HIRONDELLE project (GROWTH, FP5)

	5
	GR1/5: Experimental Investigation and Determination of Strain Distributions in Solder Joints Using Optical Moiré Techniques
	Karalekas, Prof. Dimitris

dkara@unipi.gr
	Dept. of Technol. and Production Systems
University of Piraeus
Karaoli and Dimitriou 80
GR-185 34 Piraeus
	GR
	reliability tests by Moiré interferometry
	

	5
	UK1/5+3: Stress analysis and measurement in soldered interconnections
	Gungor, Dr. Salih

s.gungor@
open.ac.uk
	Dept. of Environmental and Mechanical Engineering
The Open University
Ealton Hall
Milton Keynes, MK7 6AA
	UK
	High-resolution moiré interferometry
	experiences with large scale PCB evaluation;
expertise in FE modeling

	
	
	
	
	
	
	

	6
	CDN4/6: Alternative soldering processes using transient liquid phase sintering
	Corbin, Dr. S.F.

scorbin@
mecheng1.uwaterloo.ca
	Dept. of Mechanical Engineering
University of Waterloo
Waterloo, Ontario
	CDN
	develop and study transient liquid phase sintered solder pastes for use in microelectronic packaging
	experience with mechanical behavior of bulk solder and joint properties (creep, creep-fatigue interactions, reliability)

	6
	D8/6:  Packaging and Assembly
	Albrecht, Dr. J.

hans-juergen.albrect@
blns.siemens.de
	Siemens 
CT MM6, Packaging & Assembly
Siemensdamm 50
D-13629 Berlin
	D
	manufacturing preparation for PCB with lead-free solder;
compatibility with conventional and high-integrated devices;
interaction of solders with board and device metallization;
test set up;
process and technical reliability
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Annex II: GROUP RESEARCH PROJECTS (15.12.2005)

GP1
	Coordinator
	City
	Title

	PL 1-1  Leszek A. Zabdyr
	Krakow
	Physico-chemical properties of some Ag-based ternary alloys as possible materials for lead-free solders

	Partners
	
	

	PL 1-2  Marian Kucharski
	Krakow
	

	UK 1-3  Andy Watson
	Leeds
	

	UK 1-4  Alan Dinsdale
	Teddington
	

	AT 1-5  Hans Flandorfer
	Vienna
	


GP2
	Coordinator
	City
	Title

	IT 2-1  Riccardo Ferro
	Genoa
	Contribution to the constitutional characterisation of lead-free alloys as soldering materials

	Partners
	
	

	UK 2-2  Andy Watson
	Leeds
	

	FR 2-3  Jean Pierre Bros
	Marseilles
	

	IT 2-4  Daniele Gozzi
	Rome
	

	IT 2-5  Enrica Ricci
	Genoa
	

	IT 2-6  Luca Moliterni
	Genoa
	

	IT 2-7  Virginia Cinelli
	Milan
	


GP3
	Coordinator
	City
	Title

	FR 3-1  Fiqiri Hodaj
	Grenoble
	Interfacial reactions in SnAgCu based solder interconnects and multi-layer assemblies

	Partners
	
	

	FR 3-2  Claire Bergman
	Marseilles
	

	NL 3-3  Alexander A. Kondentsov
	Eindhoven
	

	FIN 3-4  Jorma Kivilahti
	Espoo
	

	AT 3-5  Hans Flandorfer
	Vienna
	


GP4
	Coordinator
	City
	Title

	AT 4-1  Herbert Ipser
	Vienna
	Silver-Indium-Tin Alloys as Possible Lead-free Soldering Materials: Interaction with Nickel and Palladium as Substrates

	Partners
	
	

	AT 4-2  Roland Stickler
	Vienna
	

	AT 4-3  Brigitte Weiss
	Vienna
	

	IT 4-4  Gabriella Borzone / Riccardo Ferro
	Genoa
	

	PL 4-5  Leszek Zabdyr
	Kraków
	

	CZ 4-6  Jan Vrestal
	Brno
	

	CZ 4-7  Ales Kroupa
	Brno
	


GP5
	Coordinator
	City
	Title

	PT 5-1  Delfim Soares
	Minho
	Physical and technological properties of Sn-Zn- and Sn-Bi-X based lead-free alloys

	Partners
	
	

	PT 5-2  Luís Malheiros
	Porto
	

	PT 5-3  Paulo Bré
	Porto
	

	FIN 5-4  Marko Hämäläinen
	Espoo
	

	PL 5-5  Leszek Zabdyr
	Kraków
	

	BG 5-6  Gueorgui Vassilev
	Sofia
	

	FR 5-7  Jean-Claude Gachon
	Nancy
	


GP6
	Coordinator
	City
	Title

	DE 6-1  Günter Effenberg
	Stuttgart
	Lead-free tin based solders and coatings, wetting behaviour, interdiffusion, phase equilibria

	Partners
	
	

	UK 6-2  Andy Watson
	Leeds
	

	NL 6-3 Alexander A. Kondentsov
	Eindhoven
	


GP7
	Coordinator
	City
	Title

	PL 7-1  Natalia Sobczak
	Krakow
	Prediction of the next generation of lead-free solders

	Partners
	
	

	CH 7-2  Jolanta Janczak-Rusch
	Dübendorf
	

	SK 7-3  Pavol Sebo
	Bratislava
	

	AT 7-4  Adolf Mikula
	Vienna
	

	BG 7-5  Ludmil Borisov Drenchev
	Sofia
	

	UK 7-6  William J. Plumbridge
	Milton Keynes
	

	CH 7-7  John Botsis
	Lausanne
	


GP8
	Coordinator
	City
	Title

	PL 8-1  Krzysztof Fitzner
	Krakow
	Thermodynamic Properties and Phase Equilibria of Silver Ternary Alloys with Indium, Antimony and Tin

	Partners
	
	

	YU 8-2  Dragana Zivkovic
	Bor
	

	FR 8-3  Jean Claude Gachon
	Nancy
	

	CZ 8-4  Jan Vrestal
	Brno
	

	SI 8-5  Arkadij Popovic
	Ljubljana
	

	CZ 8-6  Jaromir Drapala
	Ostrava
	


GP9
	Coordinator
	City
	Title

	DE 9-1  Georg Schmitz
	Aachen
	Control of Microstructure Evolution and Its Impact on Solder Joint Performance

	Partners
	
	

	UK 9-2  William J. Plumbridge
	Milton Keynes
	

	PL 9-3  K. Pietrzak
	Warsaw
	

	DE 9-4  Bernhard Wielage
	Chemnitz
	

	DE 9-5  Klaus-Jürgen Wolter
	Dresden
	

	CH 9-6  Marc Harzenmoser 
	Duebendorf
	

	CH 9-7  John Botsis
	Lausanne
	

	FR 9-8  Jean-Georges Gasser
	Metz
	


GP10
	Coordinator
	City
	Title

	CH 10-1  John Botsis
	Lausanne
	Identification of mechanical behavior of lead-free materials subjected to structural constraints

	Partners
	
	

	CH 10-2  Marc Harzenmoser
	Duebendorf
	

	AT 10-3  Brigitte Weiss
	Vienna
	

	PL 10-4  Waldemar Wolczynski
	Krakow
	

	DE 10-5  Bernd Michel
	Berlin
	


� EMBED Unknown  ���











Air 493 K


19.68 MPa





Vacuum 433 K


33,19 MPa
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