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Introduction
To respond to the needs of the industry for training new skills of the engineers in the multidisciplinary nanoelectronics, the NanoEl project was designed. 

The preliminary need analysis showed that there are few individual research teams, laboratories or companies that can reasonably claim to be able to respond to the technological challenges. Even the big companies in the sector work with a common use of R&D resources. No one university can afford the necessary infrastructure, clean rooms, technology and experts in all fields of the multidisciplinary science of nanotechnology. To responds to the needs identified for training new skills for new jobs, in this project three (four with HEIG-VD) European universities share their infrastructure, technological and human resources and recognise the common certified, based on ECTS, modules, to be used in the partners’ MSc programmes in nanotechnologies.
This report identifies and analyses the specific needs and requirements of students, university teachers, engineers, managers of enterprises in the sector with regard to the content of training materials in NanoEl. 

Background 
The project addresses the needs of training new skills for new jobs and the needs of sharing facilities and expertise in high-technologies. The problems addressed by the project and the solutions proposed are in conformity with the conclusions and suggestions of the studies financed by the EC:

- "Investing in the Future of Jobs and Skills Scenarios, implications and options in anticipation of future skills and knowledge needs", DG EMPL project VC/2007/0866, “Comprehensive Sectoral Analysis of Emerging Competences and Economic Activities in the European Union”, May 2009.

- "New Skills for New Jobs, matching labour market and skills needs", {COM(2008) 868 final}.

The preliminary need analysis at the stage of the project design was done for each target audience:

- the students in micro- and nanoelectronics. They need high-quality educational materials, and continually brought up-to-date courses, because of the essence of nanotechnologies - the most rapidly advancing sector now a day. They need education related to their further work and for the complexity of the knowledge and skills necessary to perform successfully the tasks in this multidisciplinary science determines the needs of “practical training”. 

- their teachers. They need infrastructure, modern equipment and facilities for teaching nanotechnologies, they need techniques for course delivery allowing easy changes and upgrade because of the fast developing science of the subject matter, i.e. ICT-based materials.

- university management. It is convinced of the necessity of European dimensions in higher education, particularly with regards to curricular development, interinstitutional cooperation, virtual mobility of students and academic staff, and integrated programmes of study, training and research.

From institutional point of view the targets are the higher education institutions providing accredited MSc. degrees in micro- and nanoelectronics. As no one university can afford the extremely expensive infrastructures, equipment and maintenance of clean rooms for nanotechnology, collaboration and sharing of facilities and teachers’ expertise is of high institutional interest for the universities.

Purposes    

The results of the problem definition and preliminary need analysis were summarised above. The first activity in the project was a more precise user need analysis to provide the most appropriate educational resources for meeting them.

The needs analysis objective was to analyse the educational needs in nanoelectronics and nano-bioelectronics through problem and job/content analysis, and to define the necessary knowledge, skills and competencies for engineers in the sector in terms of learning outcomes. 
Limitations  
The well known problem with questionnaires is the non-responsiveness. To overcome it, interviews have been used as well.
Questions 
What knowledge and skills should provide the courses in nanoelectronics?
What skill levels of employees in the sector are the most important?
Sample
The target groups concerned are: 

· students in micro- nanoelectronics engineering education, professionals from SME in microelectronics, educated but unemployed people (e.g. engineers, physicists, chemists) looking for additional training and retraining for employment;
· university teachers and trainers in HRD departments, managers in SME,  universities and colleges, experts in public unemployment and social work institutions, producers of training materials.
The samples included students and teachers at the partner institutions, engineers and managers from SMEs :

· students at POLITO, TUS, INPG and trainees at CIME NaoTech;

· professionals from SMEs in micro- nanolelectronics and microsystems, electronics packaging and communication: ST Microelectronics, ST Microelectronics, NXP (Philips), E2V, ATMEL, Infineon (Siemens), EPIQ, MASHO, Hybrid Systems, Sensata etc.;

· teachers in micro- nanoelectronics.

Instrumentation
· Literature study;

· On-line survey;

· Interviews.
Results   
Literature study conclusions
In the so called “literature study” only few papers and documents were used because of the essence of the emerging science of nanoelectronics and the lack of publications (see the references). Main sources were the university sites, the industry publications and the European initiatives. 

Educational programmes at university level are influenced by several different factors: major factors are the research based technology development of the subjects included in the programmes, the need for relevant industrial competences, and the general trends in development of university programmes (Bologna model, internationalisation). Much attention is given to the technology roadmap. Less attention has been paid to the influence on education of changes in industry and in academia.

The role of universities has always been different from the role of industry and research institutes, the main and most fundamental difference being that a key mission for universities is the provision of academic educational programmes. The university programmes are typically strongly regulated by national governments. In addition, universities perform long-term research and fundamental research beyond the perspectives of research institutes and industry.

Master programmes following the Bologna model are generally two-year's programmes corresponding to 120 ECTS credits. Some universities favour rather broad programmes (e.g. computer science, electrical engineering, physics) with specialisation options within the programme. Other universities define the specialisations such as nanoelectronics as individual programmes. In both cases, a structuring of nanoelectronics as outlined above is in place, also for master programmes, and master programmes are traditionally structured in a more stringent way than PhD programmes. This implies less student mobility and fewer possibilities for the students to obtain credits from summer schools and workshops. The student mobility would rather be on a semester basis with students following one or two semesters at a university different from their home university. Alternatively, the students may select to obtain the master degree from a university different from their home university or university where they obtained the bachelor degree. It cannot be expected that all universities (or even a majority of universities) will be able to offer a full range of nanoelectronics master programmes. One reason is that the number of students selecting nanoelectronics at each university cannot be expected to be high enough to justify a full programme. Thus, some specialisation and diversification between universities may prove necessary with some universities being strong in e.g. the physics of nanoelectronics and others being strong in e.g. the design of giga-scale systems. This trend in university specialisation can be expected to continue and be more pronounced in the future with still more different specialisations being defined and university programmes being more dependent on close interactions with research centres and industry. 

The design of nanoelectronics systems provides tremendous challenges to industry and academia. Universities need to invest a huge effort to restructure their related engineering curricula, which is only possible in close co-operations with industry and other universities. And this is the objective of the NanoEl project.
Survey results

Universities and enterprises in the sector of micro- nanoelectronics were reached to participate in the on-line survey for needs analysis and competences definition (including the largest companies in the sector: ST Microelectronics, NXP (Philips), E2V, ATMEL, Infineon (Siemens).

We have collected 85 answers. This is a reasonable score considering the short delay available for this analysis in order to start the courses development as soon as possible and in the time frame of the project. Some of these answers were incomplete and in order to have reliable results, we decided to take into account only fully completed answers. If we consider that most of the answers have been provided by managers leading large teams, the analysis should cover the needs of about 14500 persons.

We applied a weighting to the answers according to the number of employees reporting to the person answering the survey. But a direct weighting doesn't give a usable result as some responsible of human resource may answer for many thousands of persons. We have then limited the weighting to a reasonable value in order to have statistical results not depending on the answer of one or two people.
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It is important to notice that about 40% of the persons who answered the questionnaire are group leaders or general managers. Repartition of others is almost homogeneous between technicians, engineers and teachers.

We can conclude that the results from this survey are very representative of the real global needs. 
Interest in the different courses:

Next graphic shows the short term interest, with the following metrics:

· No need 
0

· Low 

1

· Average
2

· High

3

· Mandatory 
4

Short term needs
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Long term needs
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Expected level of skills.

This graphic take into account the number of employees as specified in the survey
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Many interesting conclusions have bee made:

· All the proposed courses are considered to fulfill a more than average need. We can conclude that the university world is closed  to the industry needs.

· Globally the skills expected among employees are closed from the industry needs… except for some topics like advanced lithography: everybody agrees to say that it is very important but enterprises do not really need employees with any competency in this domain. This can be explained by the fact that this task is generally subcontracted to external suppliers.

· Personal interest may be a little bit far from real needs: for example bioelectronics is ranked #1 as a personal interest but there is no real need at least for a short term.

· A topic like design of nanoscale ICs is not considered as a top priority request but when taking into account the number of people involved in this task, it becomes one of the most important demand in terms of expected skills. 
Summary of interviews with the educators 
In addition, non-structured interviews were done with the teachers and managers about the long term needs of knowledge and skills, i.e. the topics that are still at laboratory experiment level but that in the next years will be needed by the industry. Their summarised suggestions were to include the courses on bioelectronics, carbon nanotubes and an introduction to nanosensors.
The administrative staff (which are lecturers, too) interests are directed to the organizational impact of the teleteaching on the organization. They are interested in how the courses taught at distance will fit in the regular curriculum, how the telelearning will be organized with the available equipment, the students and tutors background, whether the presence of tutor will be necessary during the course. They expressed fears for the accessibility of course materials, especially the synchronous communication, because of the, very rarely, but still occurring interruptions in the telecommunications.

Conclusions
After a detailed analysis of the needs, both in term of interest and in term of potential trainees, a selection has been made among the proposed topics:
· Microsystem design and characterization, 
· Bioelectronics, 
· MOS fabrication and characterization, 
· Introduction to nanosensors, 
· CNT as electrode materials, 
· CAD for nanoscale transistors, 
· ULSI devices and novel simulation techniques, 

· Scanning probe microscopy applications for nanoelectronics.

Recommendations related to the training content which is focused by the NanoEl project were to regularly (at least once per year) up-date the training materials because of the rapid development of nanoelectronics.

Next activity is the definition of learning outcomes for the knowledge, skills and competences in the form of Competence Matrix.
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