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There are less than five months to go before the implementation of the RoHS (Restriction of the Use 
of Certain Hazardous Substances in Electrical and Electronic Equipment) Directive across the 
European Community. From 1 July 2006 all electrical and electronic products put onto the market in 
Europe will have to comply with this legislation. The single biggest effect of the directive will be to 
outlaw the use of lead-based solders for all assemblies with only a few exceptions. 
 
Most large manufacturers have been planning and preparing for this change for some time, 
however many SMEs across Europe are only now beginning to gear up to the challenge of the next 
few months. 
A recent Leadout survey showed that SMEs across Europe know about the legislation and its 
impact, but haven’t yet addressed how they will implement changes to their procedures to bring 
them into compliance.  
 
Key issues 
The change to lead-free assembling gives rise a number of challenges, these include: 
 
·  Materials selection and compatibility 
·  Processing and equipment capability 
·  Manufacturing yields and throughput 
·  Functional performance  
·  Establishment of reliability performance and baselines 
·  Health and safety  
 
The key change in going from leaded to lead-free soldering and central theme through all these 
issues is that of complexity. The vast majority of manufacturers and assemblers have historically 
had to deal with tin/lead alloys as the dominant materials for pcb finishes, component finishes and 
solders. Variations in performance could be traced to assembly and processing procedures and 
how close (or far) the product had been to an optimum manufacturing cycle. 
 
 

 Low -Cost Lead -Free Soldering  
 Technology to Improve the 
 Competitiveness of European SMEs  
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Complexity 
In the new area of lead-free manufacturing there are likely to be up to five common board finish 
types, maybe six or more common component termination platings and at least three main solder 
alloy families in use. This simplistic analysis shows there are at least 90 combinations before one 
factors in unfamiliar processing requirements and the natural variations from suppliers. 
 
Whilst the above could be thought of as difficult, complex or even daunting it is a challenge that has 
to be addressed. The reality is that suppliers in particular have already done a lot of the 
groundwork, the number of combinations that give significant problems from a processing, or more 
likely a reliability perspective are likely to be very much in the minority. The key for most 
manufacturers will be assisted materials selection, familiarisation with handling and processing and 
the establishment of baseline data to help make appropriate and informed decisions in the future. 
 
Materials and equipment suppliers, research organisations and Industrial Advisory Groups as well 
as initiatives such as the LEADOUT project are all valuable sources of information to assist 
European SMEs tackle the forthcoming challenges. 
 
Time is running short but there is help out there, just pick up the link and go for 
www.leadoutproject.com. 
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In 2005, the Leadout project surveyed European electronics assembly SMEs regarding the ‘RoHS’ 
legislation and their concerns over the enforced manufacturing changes. The results presented 
below are generated from 96 SME responses covering 11 European countries. 
 
As would be expected, almost all the surveyed SMEs were aware of the legislation and nearly three 
quarters said that they had started to move towards compliance. When asked about sources of 
information, nearly 40% of responses referred to materials suppliers, 25% mentioned the trade 
press and a further 25% relied on information from independent technology organisations. Despite 
the large amount of information that is in the public domain, the responses also suggested that 
companies were still thirsty for more, particularly regarding the technical understanding of the new 
materials and their processing. Highlighted materials issues included solder alloy choice, design 
issues, component availability, and fluxing requirements. These choices reflect the unfamiliarity of 
engineers with these new materials as well as the reliance on the supply chain to offer lead-free 
materials and components. Surprisingly, concerns over the supply chain itself generally ranked very 
low, along with patent issues and the use of alternative joining materials such as conductive 
adhesives. 
 
Regarding the manufacturing process, solderability concerns and the need for new equipment were 
raised by over half the respondents, the latter point relating to the higher thermal input and control 
needed for reflow soldering and the corrosion/contamination risks with wave soldering. Inspection 
was another area that received significant input, particularly as most companies use it as a first 
quality control stage for a soldered assembly. This may be related to a suggestion that there maybe 
a reduced confidence in inspection to distinguish between sound and defective lead-free joints 
because of their different surface appearance. 
 
Over 75% of the SMEs considered the reliability of soldered assemblies to be a key concern. The 
new solder alloys, together with the new plating combinations and processing conditions do not 
have a long track record in the industry, and so it was no surprise that companies were concerned 
that the forthcoming changes may detrimentally affect the performance of their product. 
 
The responses to environmental concerns were fairly evenly split between emissions generation, 
increased energy consumption, increased defect levels (waste) and waste disposal. 
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The questionnaire responses led to a refining of the research outputs of Leadout, which are 
designed to match many of these key areas. Soldering trials using actual products will ensure that a 
wide range of alloys/platings are encountered, reliability trials will help establish the integrity of the 
new material/process combinations and the photolibrary will allow companies to inspect the joints 
with a greater degree of confidence.  These results, together with the ongoing environmental 
programme and the generation of training material, will assist European SMEs in the 
implementation of the new soldering technologies. 
�
������������������$���
������������������������ !�� "��#�

 
 
There have been a number of programmes working on the selection of alternative lead-free solder 
alloys and their metallurgical and physical properties but no significant work has been found on the 
practical applications and the implementation in small to medium volume PCB assembly. 
 
Over recent years solder manufacturers have developed viable lead-free solders, fluxes and solder 
pastes which meet the general requirements of the PCB industry. However they also stressed the 
need for improved soldering equipment specifications. These are required because the increased 
soldering temperatures of lead-free solders are very close to the maximum temperatures tolerated 
by many electronic components, thus creating a reduced process window. 
This is of particular concern to SMEs in the electronics industry who may not be able to buy new 
higher specification soldering systems. These can be helped by researching the many combinations 
of lead-free materials and developing more robust soldering processes. 
 
We are aware of reflow, wave and manual soldering technologies being used by larger companies. 
These firms have the resource and research capability to trial new materials and process settings, 
and are able to transfer their internal findings to production. Often, suppliers to these companies are 
notified of the new requirements without actually receiving technical assistance. For the SME with 
restricted resource and less adaptable equipment, the barrier for making the technical changes is 
therefore relatively higher, as they have less ability to create or leverage internal knowledge for their 
own benefit. The largest problem SMEs face is the modifications to their production to give high 
yield assembly processes. In many cases these processes will be particular to the SME, because of 
the type of equipment, production volumes and specific requirements from customers, and so it is 
very difficult for small companies to pick off-the-shelf solutions that are a match for their existing 
facilities and staff. 
 
For most electronics assembly SMEs, the current state of the art is tin-lead soldering with 
conventional processes and materials. A need for the implementation of research projects, will 
guide SMEs in the use of appropriate materials, recommend process window settings/tolerances, 
show how the changes affect inspection and product reliability, and in general give SMEs the 
confidence to implement the technology with the minimum detrimental effects for their 
competitiveness. By the end of 2006, SME assemblers will need lead-free soldering with 
appropriate processes, materials and expertise. 
 
There is still a lot of issues to be researched  (e.g. Temperature sensitivity, compatibility of lead-free 
solders with components and board finishing, process atmosphere in particular for the case of wave 
soldering,  intermetallics characterisation and influence, NDT assessment in particular  equipment- 
x-ray equipment reconfiguration, components lead replacement coatings, environment assessment 
during production, testing and standards, etc.) and developed (process yield, process window, 
quality criteria) the technical implementation still requires a large amount of attention.  
In related projects that have been performed or at the moment are running in the field of Lead-free, 
only few of these projects are focused n SMEs and involved in dissemination to outside companies.  
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Some of them are : 
 

�  IMECAT, IMEC (Belgium), Evaluation of lead-free soldering for different applications, [1] 
�  DESREL, Univ. of Limerick, (Ireland), National Project: Design for Reliability of Lead-Free 

Solders Interconnects for Portable/Wearable Applications.[2] 
�  NORDISK INDUSTRIFOND, IVF, (Sweden), Nordic Lead-Free Project, Networking for 

Nordic Country SME´s,[3] 
�  BLEI-FREIE ELECTRONIK, Technolab GmbH, (Germany), implementation of lead-free 

soldering,[4] 
�  COST 531, Vienna University, University based European Lead-free soldering network, [5] 
�  EUREKA LEADFREE, EMPA, Switzerland, reliability of lead-free solder joints,[6] 
�  EFSOT, Fraunhofer IZM (Germany), basic lead-free technology linked to work in progress in 

Japan and Korea with emphasis on environmental aspects [7] 
�  PROTIN, Philips – Lead.-Free/Halogen free packaging for semiconductor devices, involving 

3 major component manufacturers.[8] 
�  INNOLOT (Germany) – Environmental solutions for the application of new solders, 

supported by larger companies like BOSCH.[9] 
�  LFS for SMEs – Lead-free Soldering also for Small and Medium sized Entreprises CRAFT, 

TNO, Netherlands [10] 
�  ELFNET Network, ITRI (UK) – European Lead-free Soldering Network [11] 
�  GREENROSE-Removal of Hazardous Substances in Electronics, ABELIA (NO) [12] 
�  LEADOUT-Low Cost Lead-Free Soldering Technology to Improve Competitiveness of 

European SMEs, ISQ (P), TWI (UK) [13] 
 
All these projects are related to lead-free soldering technology and include developing, testing of 
solders, reliability and some implementation and dissemination in the involved companies.  
 
A cooperative CRAFT Project Lead-free for European SMEs, has started under the 5th Framework 
Programme – April 2003, focused on Lead-free technology for SMEs. This project aims to develop 
cost-efficient methods and alternative processes (vapour phase and laser) to adjust typical SME 
production processes to the necessary lead-free materials.  
 
ELFNET – the European Lead-Free Soldering Network began in 2000 and is a large consortium of 
organisations, Research Institutes and Industrial companies who aims to exchange technical 
information. National Network members are expected to provide information support to national 
industry regarding implementation. ISQ and INASMET, partners of LEADOUT project are the 
national members of this network for Lead-Free implementation in Portugal and Spain, respectively.  
 
Two other recent technical projects dedicated to SMEs have started in the end of 2004, 
GREENROSE and LEADOUT. These projects leadership by Industrial Associations are focussed in 
supporting European SMEs in the implementation of LFS technology.  
 
Additional information regarding the above mentioned projects and some others can be found in the 
ELFNET Web site [14]. 
 
Conclusions 
 
Lead removal affects all the European Electronic Sector and on the 1st July 2006 all SMEs in the 
sector will have to supply lead-free products. This is clearly a problem of a European dimension. 
There is a Directive that foresees the banishment of the use of lead in electronics and this logically 
needs a common effort at European level, more than an individual concern in each country, region 
or even in each company. 
 
The European electronics industry is very diverse in size and sectors. It has some of the very 
largest multi-national manufacturing companies but also many thousands of SMEs. Products vary 
from safety critical aerospace systems to electronic toys and large telecommunication systems to 
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Photo 2: Wave of SnPb in a wave soldering 
equipment. 

the smallest mobile phones. Yet the basic design still involves soldering standard electronic 
components to a PCB, even though the operating system of the resulting assembly may be vastly 
different. 
There is still little information available in particular to SMEs in Europe on lead-free PCB process 
conditions and assembly yields because there has been insufficient work conducted on low and 
medium volume assembly using equipment suitable for SMEs. The result is that most SMEs are 
less prepared for the changeover to lead-free materials and may have technical problems making 
the transition. 
In addition to the economic pressures in the Electronic market resulted from the negative World 
Economy evolution forecast within the sector these companies are directly threatened not only by 
the inability to comply with the Directive but most of all by their inability to forthcoming customer 
demands in due time.  
European current large projects as ELFNET, LEADOUT and GRENROSE are merging efforts to 
support the European Electric and Electronic Industry in the changeover towards a more clean 
European Environment. 
The changeover to lead-free should not only be considered as a result of the EC Directive but  also 
be faced as a step forward to the European Sustainable Development and Competitiveness of the 
electric and electronic industry towards other markets. Large companies are about or already 
putting on the market products using lead-free technology. Support to European SMEs is necessary 
if they are to effectively compete or even supplying  these companies. 

�
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Foreground 
 
The aim of the LEADOUT project is the removal of Lead from solders and pastes in electronic 
circuits, so it is important to study the Environmental aspects of this change. In fact, the aim of the 
RoHS Directive is the protection of the Environment. That is why it is essential to quantify the 
Environmental effect of the present SnPb solders and pastes and to compare them with the Lead 
Free solders and pastes that will be used in the near future. 
 
Objective 
 
The main objective of the emission measurements is to know one of the kinds of wastes generated 
along the assembling of electronic circuits, that is, fumes and slags mainly, to do their chemical 
analysis (metals, and organics from fluxes). and to quantify these contents  
 

First of all, emissions have been performed for 
Reflow and Wave processes working with SnPb 
pastes and solders and at a PCB manufacturer. Once 
Lead Free is implemented industrially at the SME´s of 
the consortium new emission measurements will be 
performed. With both data, emissions from SnPb 
soldering and Lead Free process a further study will 
be performed in order to compare both processes 
and to quantify how better, from a Environmental 
point of view; is the selected Lead Free solders and 
pastes comparing to the present SnPb. In fact, in 
order to select the good Lead Free solders and 
pastes not only the technical aspects will be   
considered, but economical and Environmental 
aspects will also be taken into account. 
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The LCA (Life Cycle Analysis) is the tool that is being used to manage all Environmental aspects 
and will allow us to compare both processes in a quantitative way in terms of energy consumption, 
recyclability, leachability, toxicity and Environmental effects of Lead Free solders, etc.  
Besides the mentioned measurements, workers occupational exposure to lead, formaldehyde and 
isopropyl alcohol will also be measured and evaluated. 
 
Emission measurements performed 
 
Emission measurements have been performed for 
Wave (63/37 SnPb) and Reflow (62/36/2 SnPbAg) 
soldering processes at two LEADOUT Assemblers of 
the consortium, and at the PCB manufacturer (63/37 
SnPb) of LEADOUT consortium. 
 
The mass balance for Wave process shows that 68% 
of the initial SnPb is on the PCB, 32% in the slag and 
only 0.04% in the fumes. 
 
Following table shows the emission measurement 
results obtained: 
        Photo 3: Emission measurements at wave 
 
 

SME PARAMETER WAVE REFLOW HASL TA LUFT 
2002 LIMIT 

Pb (mg/h) 25 5 - 2500 
Sn (mg/h) 110 50 - 5000 
Ag (mg/h) - <2 - NLA 

IDK 

TOC (gC/h) 70 1 - 500 
Pb (mg/h) 8 7 - 2500 
Sn (mg/h) 640 1000 - 5000 
Ag (mg/h) - <5 - NLA 

ALCAD 

TOC (gC/h) 350 5 - 500 
Pb (mg/h) - - 35 2500 
Sn (mg/h) - - 2300 5000 
Ag (mg/h) - - - NLA 

ZUBELZU 

TOC (gC/h) - - 12 500 
 
TOC: Total organic Carbon expresses the VOC´s (Volatile Organic Compounds) coming from 
fluxes. 
NLA: Not Limit Available. 
 
 
Conclusion 
 
Data obtained show that in all the measurements performed none of the parameters surpasses the 
German TA LUFT 2002 limits. 
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The Project Benchmarking 
 
One of the main objectives of the LEADOUT Project is to provide the benchmarking of the Lead-
Free soldering process, in order to improve the European competitiveness of the electrical and 
electronic industry, especially SMEs. 
 
The Parts Per Million  (PPM) Opportunities, also known as Defects Per Million Opportunities  
(DPMO) is a method to measure the amount of defects occurring on a Printed Circuit Board (PCB). 
The stages of the manufacturing process that are monitored includes: screen printing, component 
placement, reflow soldering and wave soldering (Figure1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1  - PPM monitoring at the different stages of the process (Courtesy of Bob Willis) 
 
Considering: 
 
- Screen printing: the opportunities are the total numbers of apertures printed . 
- Placement: the opportunities are the total number of components placed . 
- Reflow and wave soldering: the opportunities are the total number of joints soldered . 
 

PPM=´ 000,000,1
Baseline

defects Total

 
 
Example: 
 
If the total number of printing defects was 10, and the number of apertures (opportunities) was 5000 
then: 
 

PPM 2000000,000,1
5000
10

=´
 

 
It’s recommended that at least 5 PCBs should be measured. It’s also recommended that a sample 
involves at least 5000 opportunities (maybe more than 5 PCBs) and that each product type should 
be measured separately. 
 
Now follows some examples of defect types for the processes that are monitored: 
- Screen Printing: Paste smearing, misalignment, bridging; Insufficient paste. 
- Placement: Damaged component; wrong component; Reversed component. 
- Reflow Soldering: solder bridging; insufficient solder; Tombstoning. 
- Wave Soldering: Damaged component; Lifted component; Blow holes; Solder balls;  
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The LEADOUT Research Institutes partners are assisting the SME assembler companies of 
LEADOUT on how to collect comparable data on their own manufacturing processes. The 
generated data are being gathered and treated by the Research Institutes to give overall figures for 
the PPM levels currently being achieved using leaded solders, and then how those levels change 
during and after the conversion to lead-free processing. 
 
The results obtained are available monthly on the LEADOUT Web site (www.leadoutproject.com). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2  – Example of the PPM charts obtained monthly in 2005. 
 
 
 
Until now the results obtained so far are positive and companies agreed that they were able to 
monitor process drift, improve the internal quality; and that these data will allow a useful 
benchmarking and a comparison with future results and studies. 
 
Enlarging Benchmarking 
 
The LEADOUT Project aims to enlarge the scope of the PPM to other European Electronic 
Assemblers in order to gather additional information data and therefore more reliable results. The 
contribution of all European Assemblers will bring added value to the Industrial Electronic 
Community and therefore to an increase of the market competitiveness. 
 
Please register yourself at: 
www.leadoutproject.com and express your willingness to join us. 
 
Contact : 
ISQ 
Rolim Carmo 
rdcarmo@isq.pt  
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Dissemination of important information is a key aim of the Leadout project and has two key 
activities. The first has been the setting up of the mechanisms of dissemination including the first 
tranche of publicity. This has been geared at raising the awareness of the electronics SME 
community to the changes that will take place when the RoHS directive comes into force. The 
second activity is the dissemination of information generated within the project to SMEs. 
 
During the first year of the project a wide range of dissemination and awareness activities have 
been undertaken by the project partners. These can be summarised as: 
 
·  34 meetings 
·  12 workshops 
·  4 info-days 
·  23 written articles 
 
The various project meetings held have been attended by well over 530 interested companies. 
Significantly greater number of companies have been made aware of the project through exhibitions 
at which Leadout has been represented. For example, the NEPCON seminars in the UK had over 
700 attendees and contained a presentation by one of the project RTD performers. 
 
Workshops that have been undertaken have been on topics such as “Environment and WEEE” 
which was held in Portugal and had more than 30 delegates, other info-days have also been held in 
Spain and the UK. 
 
 
 

 
 
 
 
                
 
 
 

ENDIEL - 2005             PRODUCTRONICA - 2005      MATELEC - 2004 
 
 
 

 
 
 
 
 
 
 

LEADOUT Infodays
 2005          NASA / C3P Workshop 
       2005 
 
      

 
NEPCON - 2005 
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One of the key deliverables in the project has been the setting up of an internet based system 
for communication. This web-site (www.leadoutproject.com) was successfully set up in mid-2005 
and already has almost 100 registered users and receives in excess of 3000 hits per month. 
 

 
 
As a tool for disseminating information this web-site has already proven its worth. Amongst the data 
being uploaded on the web-site are the PPM study results which show production yields and will 
track changes during the implementation of lead-free soldering. An example of the data given is 
shown below: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
From a wider perspective a “Defect of the Month” is also profiled. This feature provides assemblers 
with images of the most common defects associated with lead-free processing and provides a real 
pictorial example, see below. This is of particular value, as SME assemblers have raised their 
concerns regarding pass/fail criteria during inspection when surveyed by the project (see elsewhere 
in this Newsletter). 
 
 

 
 

Manual optical inspection can pick up fillet lifting 
which has often been reported on lead-free soldering 
trials. Much of the cause is related to the expansion and 
contraction that occurs during the soldering and 
solidification of lead-free materials. 
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Whilst the Leadout project has already disseminated a lot of background information, much more is 
scheduled to be released over the next few months leading up to the directive implementation date 
and beyond. Forthcoming information will include: 
 
·  Photo-library for inspection 
·  Environmental aspects of lead-free soldering 
·  Training courses (e-based and conventional) 
·  Technology updates 
·  PPM study updates 
 
All the usual dissemination mechanisms will be used including meeting, seminars and workshops. A 
list of upcoming events is given later in this Newsletter, but for further details please contact your 
local Leadout IAG. 
 
LEADOUT IAGs : 
 

  
 
ANIMEE     APEMETA 
Tereza Silva    Ana Cunha 
terezaasilva@animee.pt   tecnico@apemeta.pt 
 

 

 
AETIC              SMART Group 
David Martín Rubio               Bob Willis 
dmartin@aetic.es      technical@smartgroup.org 
 

 
 
MEISZ             CCIAA 
Gábor Benjamin     Ilaria Bonetti 
gaborb@pannoncad.hu   bonetti.ilaria@mi.camcom.it 
 

 
 
DVS                                           JEMI 
Marcus Kubanek             Max WACH 
marcus.kubanek@dvs-hg.de     wach.m@online.fr 
 

 
 
ITEK     EWF 
Carl Thørner    Susana Escala 
cot@di.dk    siescala@isq.pt 
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2nd March, ISLI, Livingston, Scotland 
“Countdown to Lead Free” (SMART Group & Leadout) 
www.smartgroup.org/pdf/lfscotland.pdf 

 
7 – 8th March, The Moller Centre, Cambridge, UK 
MicroTech 2006 (IMAP – UK) 
http://www.imaps.org.uk/_events/MicroTech%202006.html  

 
5 – 6th  April, Munich, Germany 
“ELFNET at SEMICON” (ELFNET) 
http://wps2a.semi.org/wps/portal/_pagr/128/_pa.128/477 
 
25 – 27th April, Malmö, Sweden 
“Towards Implementation of the RoHS Directive” (IPC a nd Soldertec Global) 
www.ipc.org/calendar/2006/LFconf_0406/CFP_LFCopenhagen406.htm  

 

10 – 11th May, Birmingham, UK 
NEPCON NEC (SMART Group) 
www.nepcon.co.uk  

 
30th May to 1st June, Nuremberg, Germany 
System Integration in Micro Electronics – Hybrid Pac kaging 
www.smt-exhibition.com  
 
October, Colorado, USA 
C3P workshop 
www.c3p.org  
 
30th October to 1st November, Frankfurt, Germany 
IPC/JEDEC 
www.ipc.org  
 
 

�
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LEADOUT Project                                                           http://www.leadoutproject.com 
Project Elfnet                                                                  http://www.europeanleadfree.net 
European Union                                                              http://www.europa.eu.int 
 
 
[1] ELFNET Web Site: www.imec.be/IMECAT 
[2] ELFNET Web Site: www.europeanleadfree.net 
[3] ELFNET Web Site: www.ittf.no/prosjekter/none/site/ 
[4] ELFNET Web Site: www.europeanleadfree.net 
[5] ELFNET Web Site: www.univie.ac.at/cost531/  
[6] ELFNET Web Site: www.empa.ch/plugin/template/empa/*/12001/---/l=2 
[7] ELFNET Web Site: www.efsot-europe.info 
[8] ELFNET Web Site: www.europeanleadfree.net 
[9] ELFNET Web Site: www.europeanleadfree.net 
[10] ELFNET Web Site: www.leadfree-technology.org/  
[11] ELFNET Web Site: www.europeanleadfree.net 
[12] GREENROSE Web Site: www.green-rose.info 
[13] LEADOUT Web Site: www.leadoutproject.com 
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