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Abstract

The  number  of  SME’s  in  Portugal  accordingly with the European Union definition is around  200 000,  employing   around 1 700 000 people, with a business of 120,800 M€. These companies represent 99,5% of the total number companies, 74,7% of employment and 60% of the total turnover generated in Portugal.

Concerning the electric and electronic sector, 115 companies are affiliated of ANIMEE (Portuguese Association of Manufacturers of Electrical and Electronic Equipment), employing around 39 000 workers where 50% are SME’s.

With a total production in 2003 of around 4 670 M€, the electric and electronic sector represents 1,4% of the Gross National product. The total exportation is around 3 780 M€ representing 12,8% of the national goods export. In the other hand, Portugal imports about 5 660 K€ of components and equipments.

This industrial sector has an relevant weight in the Portuguese economy, and therefore the implementation of lead free soldering and lead free products becomes a serious issue towards the European Directive 2002/95/EC implementation in July 2006

Most of the multinational and large companies placed in Portugal are already implementing lead free technology or testing lead free materials whilst and likely in other EU countries, SME’s are still not fully aware of this need at a short time of the European Directive enters into force. The awareness and  dissemination of this technology becomes a priority national activity within the electric and electronic  industrial sector followed by a suitable benchmarking process as well as qualified training.  

Within this scope, ISQ has being providing technical support to the Portuguese electronic industry in the awareness, dissemination as well as technical support in the implementation of Lead-free process. ISQ involvement in international Lead free soldering related projects as ELFNET and C3P provides the suitable link for transfer of knowledge and benchmarking between the European and American expertise within Lead free soldering field. 

*ISQ, Instituto de Soldadura e Qualidade

  TAGUSPARK

  OEIRAS,   PORTUGAL
** ISEL – Instituto Superior de Engenharia de Lisboa (Departamento de Engenharia de Lisboa)

Rua Conselheiro Emidio Navarro

1950-062 Lisboa, Portugal

1 - Overview of the Portuguese Electric and Electronic Industry

The Portuguese Association of Manufacturers of Electrical and Electronic Equipment ANIMEE is a national association which main objective is to represent the interests of the electric and electronic sector, energy and telecommunication as well as to develop the Portuguese economy. In pursuit of this aim, ANIMEE has studied and defended the development of industrial and commercial activity, has encouraged technological research and provided vocational training for the electric and electronic sector.

ANIMEE represents approximately 115 private companies of this area of activity, which employ about 39.000 workers, with a total invoice of 4.600 M€ in 2003 of which 3.750 M€ were exported. Their main affiliates are placed across the country, particularly in Lisbon, Oporto, Braga, Setúbal and respective surrounding areas. Figure 1 presents the geographic distribution of the electric and electronic industry in Portugal.
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These companies are divided, within ANIMEE, into four main groups 

· Electrical Equipment and Energy; 

· Electronics and Information Technology, Informatics;

· Telecommunications and Medical Imaging;

· Consumer Electrical and Electronic Equipment; 

The main manufacturing branches are showed in figure 2.



Figure 2 – Electric and Electronic industry main manufacturing branches and production distribution.

Currently, the electric and electronic sector represents 1,4 % of the Gross National Product with 12,8 % of the national Goods Exports. The Top Ten Exports countries as well as the ten main exported products are presented in Table 1.

With a growing production evolution, the Portuguese electric and electronic equipment industry depends a lot of the foreigner market to sustain the growth. More than 75% of its output goes to the foreigner market (Fig. 3)

Figure 3 – Electric and Electronic market evolution in Portugal (production in Million of Euros)

Table 1 – Top Ten export products and countries (Source: Animee Annual Review)
	Exports Top Ten Countries
	Top Ten Exported Products

	Country
	%
	

	Germany
	34
	Wiring Harnesses

	Spain
	13
	Car Radios

	United Kingdom
	9
	Semiconductors – Memories

	United States
	9
	Electronic Ass. for DP Equipment

	France
	8
	Tantalum Capacitors

	Belgium
	6
	Relays

	Italy
	4
	Transformers

	Netherlands
	2
	Liquid Immersed Transformers

	Angola
	2
	TV cameras

	Hungary
	1
	Mobile phones

	Others
	12
	


From the ANIMEE affiliated members universe, 50% are considered Small and Medium Entreprises (SMEs) accordingly with the European Union Definition
. The remaining are large multinational  companies represented and installed in Portugal.

The companies breakdown per production and employment brackets is given in Table 2.

Table 2 – Companies Breakdown (per production and employment brackets)  Source: ANIMEE Annual Directory

	Range of Production 

(Million of Euros)
	Number of Companies
	Employment Brackets

(number of employees)
	Number of Companies

	Up to 1,25
	24
	Up to 50
	52

	From more than 1,25 to 5
	28
	From 51 to 100
	14

	From more than 5 to 12,5
	16
	From 101 to 400
	29

	From more than 12,5 to 25
	15
	From 401 to 1000
	9

	From more than 25 top 50
	8
	More than 1000
	11

	From more  than 50 to 100
	10
	
	

	more than 100 
	14
	
	

	
	115
	TOTAL
	115


The electronic industry has for several years been subject to both market pull and increasing legislative requirements towards the development of alternative joining technologies, designated as “Clean Technologies” and based on lead-free solders.  This change has now been formalised in European Directive related with the use of hazardous substances (RoHS)
 that came into force on 13th February 2003, and is applicable to companies in the electronic sector. According to this directive, the use of lead, mercury, hexavalent chromium, cadmium and bromide-based flame-retardants will be banned from 1st July 2006 like in the other EU15 countries

This fact has pushed the electronic industry towards the development of test programmes towards lead-free soldering pastes. 

The introduction of new soldering pastes and therefore a new and/or reformulated technology raises some main issues as:

- Introduction of new fluxes and adequate solder pastes,

- Introduction of new or refurbished equipments;

- Adequate processes;

- Inspection and Quality Assurance policy.

- Standardisation

- Qualification and Training

2. Current needs of SME´s
The removal of lead from the electronic production processes leads to the reformulation of the overall industrial soldering process.

This can be faced as a rather easy task within large scale electronic productions, typical example of large companies production series. In most of the cases, SMEs production is foccussed on small series and/or manual soldering processes situations where the implementation of lead free becomes more complex. The change to lead-free will be particularly significant for SMEs, who in general use manual or less sophisticated assembly equipment than large volume companies and who do not have the resources to establish in advance the required process routes and subsequent reliability data. 

This type of small to medium volume assembly will have significantly different demands and solutions than that proposed to date for large companies.

Some of the main difficulties SMEs face in installing lead-free technology into their processes are:

· Cost, e.g. more expensive materials, resource time for process set-up, defect costs, reapproval costs;

· What decision to make regarding alloy choice and board finish choice;

· Poor availability of lead-free components, especially integrated circuit devices, and what plating finish to choose;

· Effective, timely retraining of production staff;

· Lack of knowledge concerning the reliability of lead-free builds when compared to existing products.

In general, the major needs of SME´s, after an industrial evaluation and if possible case by case, are mainly focussed on the requirement for technical assistance for the implementation of lead-free soldering processes. In fact, large companies in Portugal as Pioneer and Infenion have already implemented lead-free production lines or some like Blaupunkt are presently running testing programmes while some SMEs have now starting tests programmes as a result of their main clients demands and others did not yet started. 

There is a general lack of knowledge regarding the requirements for implementation of lead-free soldering technology among the SMEs at European level. The equipment suppliers as well as the solder manufacturers appears as the main awareness and dissemination channels and most of the cases becomes the technical support for lead-free implementation at the SMEs production lines. 

The role of R&D Institutions and TT centers as ISQ and INEGI are becoming more and more important in providing technical support and training to the national electric and electronic industry specially to SMEs, in implementation of lead-free soldering processes in order to ensure a consistent and independent process implementation as well as to promote, process benchmarking and quality assurance through the development of new standards and qualification of the overall process.  

ISQ as an engineering service provider institution is being quite active in the field of Lead-free soldering at national and international level, with strong collaborations with ANIMEE as well as with equipment suppliers in order to get closer of the national industry. At International level, the participation in ELFNET (European Lead-Free Soldering Network)
 and the activities related with C3P (Lead-free Soldering Project) has promoted awareness, dissemination and technology transfer to the Portuguese industry as well.

National surveys related with the needs of electric and electronic companies regarding the implementation of lead-free technology has leaded to two different needs: Technical and training needs. 

Technical needs

The main issues to be considered before the introduction of lead free soldering is:

· Selection of the most adequate tin alloy to be used accordingly with the process (wave, reflow, manual) ;

· Design concerns

· PCB design concerns

· Process control (includes the replacement or refurbishment of the actual equipment as well as inspection tests)

Selection of the alloy

There is more than one hundred pantent lead free alloys  which has to be selected accordingly with the type of product and process. All of them represents an increase of the temperature during the soldering process. The national industry seems to be more found of Sn-Ag-Cu system and for manual soldering the SnCu and SnAg are the selected ones.

Design Concerns (components) and PCB

Good weldability, resistance to the new temperature and reability of the component. Cracking of the board due to heat problems resistance and compatability with the PCB coating

Process Control

Introduction of new equipments or refurbishment of older ones. This aspect is highly dependent on the type of process. It has been found that the reflow soldering process equipment seems to be easily converted to lead-free depending on the existing number of furnace thermal zones. A minimum of five-six thermal zones are required to guarantee the cooling time and thermal gradient associated to the reduction of the conveyor speed and nitrogen atmosphere. The wave soldering equipment  requires additional refurbishment or even replacement of the old one. 

Tools and new procedures for manual soldering are required. Revision of standards for process control. Mixture of different tin alloys in the process should be carefully prevented.

Training needs

The differences in the lead-free soldering processes and inspection of lead-free products requires new quality assurance procedures and applied standards.  

This must be followed by an extensive training period in order that SME´s can implement the quality assurance programmes needed normally if they are providers of large companies.

ISQ, INEGI and ANIMEE already have a strong involvement in training activities providing a range of different content courses related to with soldering technology, and all level of staff from operatives through engineers and designers to managers.

These activities can be further developed and supported using ISQ e-learning and e-Knowledge platforms for training and dissemination. However in some companies the on-job training has to be maintained.

In fact, internet tools are being increasingly implemented to be used by service and industrial companies, as a flexible way of sharing and providing training any time, anywhere. The main benefits of e-learning are: 

-Increased quality and value of learning achieved through a greater learner access and combination of appropriate supporting content, learner collaboration and interaction, and on-line support;

- Increased reach and flexibility enabling learners to engage in the learning process anytime, anyplace and on a just-in-time basis;

- Decreased cost of learning delivery, and reduced travel, subsistence costs and time away from the working place. 

- Increased flexibility and ability to respond to evolving business requirements with rapid roll-out of new and organisational-specific learning to a distributed audience. 

e-Learning represents a significant opportunity for all modern organisations to provide a tailor made training to their staff and therefore increasing the level of qualification of their workers.

It is useful to develop tailor made models to be applied during lead-free training activities. The resources can be easily be allocated, to fulfill the need for using this kind of sharing of knowledge tools. 

The development of training modules adapted to identify needs within the wide community and the delivery of training on-line to SMEs should be faced as the key-objective, to guarantee that procedures  and know-how are capitalized by an increase of the human resources competencies in the area of lead-free soldering. 

4-Conclusions

The electric and electronic industrial sector in Portugal is a growthing  market and the change towards lead-free soldering can be seen as a new generation of electronics components with improved quality standards.  

In fact, industry observers believe individual SMEs could make substantial savings on their existing Sn/Pb production if they were to improve their process yield in-line with the industry average. The savings would be generated by reduction in re-work labour costs, wasted process material, production downtime and scrapping of rejects. This problem will be compounded by the change to lead-free soldering. A benchmarking of the process, by reducing the rate of rejections would increase the competitiveness of  European SMEs and help them gain additional markets at home and abroad. It would also help protect them from the low cost competition from S.E. Asia by improving the final products.

Therefore, it is urgent to carry out awareness activities as well as to provide technical support to European SMEs in order to make a smoothly transition to Lead-free products as a result of a more sustainable environment and moreover to increase their competitiveness. 

By concentrating efforts in the development, implementation and dissemination at a large scale, of an alternative product, environmentally compliant, Europe will contribute to a smooth transition, within a specific sector (electrics and electronics) towards a more effective sustainable development.

The implementation of lead-free products can lead to more high quality companies and therefore to a more competitive industry. 
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Figure 1 – Geographic distribution of the Electric and Electronic Industry in Portugal (Source: ANIMEEE Annual Directory)
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� The EU considers a SMEs a company with a turnover up to 50Meuros and up to 250 employees  (EC recommendation 2003/361/EC).


�RoHS – Removal of Hazardous Substances - Directive 2002/95/EC of the European Parliament and council on restriction of the use of certain hazardous substances.


� ELFNET information can be find at www.europeanleadfree.org
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