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Abstract. The evolution of the world towards the digital society requires the 
development of many connected objects, the basis of the Internet of Things 
(IoT), with a very wide spectrum of applications. These connected objects are 
based on communication protocols, embedded software but more fundamentally 
on the hardware that corresponds to the physical realization of the objects. Mi-
croelectronic technologies are therefore at the heart of all these devices and sys-
tems. This exponential evolution, is the result of more than fifty years of in-
creasing integration, which is becoming very complex and combining many 
technological approaches and multidisciplinary architectures. The future indus-
try 4.0 requires skills and competencies in microelectronic design and techno-
logical fabrication. At the same time, investments in manufacturing plants and 
design software follow the same exponential cost trend. To meet the needs of 
the industry, training must be constantly updated with good know-how on dedi-
cated tools and equipment. To achieve this objective, higher education must be 
organized to provide students with knowledge and skills. A dedicated organiza-
tion must be set up with common platforms that allow technological equipment 
and Computer-Aided-design tools (CAD) to be shared. This paper deals with 
the French national network which has proven its effectiveness in higher educa-
tion in microelectronic engineering for more than thirty years. After a presenta-
tion of its organization and objectives, several examples of innovative practical 
work covering the different fields of application are given. 

Keywords: Microelectronics, Higher Education structuring, Industry 4.0., En-
gineering. 

1 Introduction 

Everybody knows that the XXI century will be the era of the fourth industrial revolu-
tion with the progressive introduction of digital society, with connected objects, smart 
objects, and new manufacturing governed by robotics, internet of things and artificial 
intelligence. They are all included in the Internet of Things (IoT). The production 
should be performed by the so-called industry 4.0. This means the development of 
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computer sciences associated to new objects and systems that can fulfil the adequate 
missions thanks to new technologies.  

The core of these objects and tools capable of integrating software is microelec-
tronics. In practice, the real evolution towards this new world has been possible 
thanks to the fabulous evolution of microelectronic technologies, based on the inte-
gration of billions of transistors per circuit. This evolution has made it possible to 
store billions of data, to process these data with more than one hundred billion opera-
tions per second but also to communicate them with such a flow. In addition, microe-
lectronics technological processes are capable of developing sensors and actuators 
that are the links between the real and physical world and digital space. Behind this 
physical evolution, huge teams of engineers, technicians and researchers have been 
working since the early 1960s. The new industry 4.0 plants, requires skills and com-
petencies not only in robotics and production management, but also in microelectron-
ic design and technological manufacturing. The challenge is to meet the needs of the 
industry. Practical training must be constantly updated with good knowledge of dedi-
cated tools and equipment. To achieve this objective, higher education must provide 
students with knowledge and skills on increasingly expensive tools. A dedicated and 
strongly industry-related organization must be set up with common platforms allow-
ing the sharing of technological equipment and CAD tools. This article deals with the 
French national microelectronics network (CNFM [1-2]) that has proven its worth in 
higher education in microelectronics engineering for more than thirty years. After a 
presentation of the context, the organization and objectives are highlighted and sever-
al examples of innovative practical work are given. 

2 Trends of the microelectronics industry 

2.1 Evolution of the integration in microelectronics 

The world evolution towards a digital society is highly dependent on microelectronic 
technologies, which are therefore at the heart of all devices and systems involved in 
IoT. This evolution, exponential in practice, is the result of more than fifty years of 
increasing integration, which is becoming very complex and combines many techno-
logical approaches and multidisciplinary architectures. Figure 1 shows the evolution 
of integration into a chip predicted by G. Moore and called Moore's Law [3] and the 
recent evolution of systems that include systems on a chip or in a package that grow 
exponentially in a similar way to Moore's Law [4] and thus allow connected objects to 
be created. 

 
2.2 Towards a digital society: connected objects 

As we have already presented [5], connected objects make it possible to analyze and 
control many aspects of society's needs remotely. They are first of all composed of 
on-site functions such as sensors, actuators, and signal processing as shown Figure 1, 
and at remote sites, of a transmitter and receiver, a signal processing system and a 
remote control system. 
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Fig. 1. Evolution of the integration during the last sixty years. The density of transistors per die 
increased exponentially following the prediction of G. Moore [3]. Since 1995, the integration 
had started a new exponential evolution [4], the density of transistors reaching 1013. 

 
Fig. 2 Simplified architecture of a connected object with on-site component and remote com-
ponent (after O. Bonnaud et al. [5]). It is mainly composed of sensors, actuators, signal con-
verters, processor, emitter-receiver, visualization, alarms and controls, and energy harvesting. 

2.3 Multidisciplinarity of the fields of applications 

The most important interest of connected objects is related to the wide spectrum of 
their applications. All the major areas of modern society are concerned. These include 
communications and information, health, safety, environment, energy, transport, agri-
culture, manufacturing in industry 4.0. As a result, future designers of these objects 
must have skills and abilities in the field of microelectronics, but also be able to work 
in teams with specialists in the fields of application [6]. 

 
2.4 Heterogeneous integration toward systems on chip and systems in package 

The connected objects must integrate new functions adapted to the application fields. 
These functions can have physical, chemical, and biological-based detectors and actu-
ators combining a large variety of architectures and physical elements (optical, me-
chanical) thermal dependence devices, chemical or biological functionalization. In 
many cases, they need also an energy autonomy; this means integration of batteries or 
electrical charge storage, and energy harvesting cells. This is becoming possible 
thanks to a heterogeneous integration (figure 3) [7]. It is clear that the third dimension 
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(3D) takes more and more importance at the level of ULSI (Ultra large Scale Integra-
tion) for example with CoolcubTM [8]) or in packaging that combines several technol-
ogies as thin film technologies or Micro-Electro-Mechanical systems (MEMS). 

 

 
Fig. 3. Diversity of the heterogeneous integration (After B. Bottoms [9]). Many functions are 
integrated involving several technologies and 3D stacking. 

In summary, new device and packaging architectures are needed to meet future 
market demand and to develop connected objects for industry 4.0. The consequence is 
that in 2018 the world's microelectronics activities represented an income of more 
than 480 billion US dollars, while the global activities involving microelectronic de-
vices represented more than 6.8 billion US dollars as shown in Figure 4 [10]. The 
challenge is today to have competences and skills adapted to the development of fu-
ture technologies and to the future market. An effort must be made in the Higher Edu-
cation and more especially in microelectronic engineering.  

 

 
Fig. 4. Relative importance of microelectronics activities for developing future objects in the 
global activities. The amplifying ration is close to 16 (After G. Matheron [10], with updating in 
2017). 

3 Higher education meeting the industry needs 

3.1 Evolution of the knowledge acquisition in the digital environment 

With the development of computer equipment, combined with the increase in storage 
capacity, communications and Internet, many new tools dedicated to online higher 
education have been created. One can mention the massive open online courses 
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(MOOC's) and the whole family of these online tools [11]. Several tools have been 
developed in the field of microelectronics [12] and have been discussed within the 
microelectronics community about the opportunity and threat of the global dissemina-
tion of these tools. Indeed, if MOOCs are good theoretical learning tools and can 
change the way-people learn [13], they have a low effectiveness for the acquisition of 
know-how, which is an essential skill for engineers [14]. 

 
3.2 The know-how: a mandatory complement of the knowledge 

Indeed, the use of MOOCs has some limitations in engineering sciences. In the field 
of micro and nanoelectronics, the online presentation of the electrical behavior of an 
integrated circuit remains essentially virtual. Due to their complexity, it is almost 
impossible to take into account all the physical and environmental parameters that can 
affect their electrical behavior. The simulation models are always approximate. A 
characterization of the actual (and physical) product is required to warranty the final 
properties of the circuits. Thus, practice is the key to understanding and acquiring 
skills [15]. It is fundamental for innovation [16], and producing innovative objects. 

 
3.3 Needs of mutualization of the microelectronics engineering training 

As mentioned above, the field of microelectronics and nanotechnology is undergoing 
a huge evolution towards complexity, heterogeneity of technologies and multidisci-
plinarity. The corresponding practice requires very expensive tools and equipment, 
both in CAD using dedicated software and in cleanroom manufacturing processes, or 
in physical characterization and electrical testing. The only appropriate solution is to 
organize a network with several platforms common to several academic institutions in 
the same area and to share expenses between users. This approach is realistic in the 
context of a national network that can obtain several financial supports from public 
agencies, the Ministry of Higher Education and industrial partners. 

4 The French National network for microelectronics education 

4.1 Constitution of the CNFM network: academic/industry partnership 

The microelectronic higher education in France is organized through a 35-year old 
national network, the National Coordination for Education in Microelectronics and 
Nanotechnologies, recognized by the Higher Education Ministry [1]. This network is 
composed of twelve academic members that have in charge the twelve common cen-
ters spread over the French territory as shown figure 5. It also includes two represen-
tations of industrial organizations and especially the most representative association 
ACSIEL Alliance Electronics consortium [17]. The industrial partners consider the 
training activities as an important factor for maintaining and developing electronics in 
France, and thus provide the network with valuable advice necessary. 
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Fig. 5. French academic and industrial activities in microelectronics. The 12 CNFM common 
centers (red labels) manage platforms for practice training.  

4.2 The missions and the strategy of the CNFM network 

The very essence of the GIP-CNFM network is to share platforms because of their 
very high equipment and operating costs, but also to share pedagogical approaches 
and good practices towards students trained in initial training or LifeLong Learning 
(LLL). Collaboration within the network exists in several forms, through the sharing 
and common use of technological and design platforms, and through collaborative 
work in the context of national, or international, multi-year projects and through ped-
agogical days and brainstorming seminars. These joint activities allow for the ex-
change of knowledge and practices in order to produce and disseminate knowledge 
and know-how to the entire academic community. 

 
4.3 The main results of the network 

The 12 centers offering many training platforms receive yearly more than 90 degrees 
in its 7 clean rooms and 81 platforms covering most aspects of electronics, i.e. basic 
silicon microelectronic technology and design, low-power electronics, power elec-
tronics, embedded electronics, RF and millimeter wave electronics, MEMS, biologi-
cal MEMS (BioMEMS), organic electronics, thin-film technologies, photovoltaic 
technology. More than 16,000 students are users of the platforms each year, represent-
ing more than 890,000 hours-students per year of training. 
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4.4 Strategy of the CNFM network towards know-how and innovation 

In order to meet societal needs directly related to technological change, the content of 
practical training must be constantly updated. To this end, the management has a poli-
cy oriented towards an innovative approach, both in the content of practical training 
and in pedagogical approaches. In 2011, the network applied for an innovative na-
tional program under the Excellence in Higher Education Initiative. The FINMINA 
project (Innovative Formation in Microelectronics and Nanotechnologies) of the 
CNFM network has been accepted [18]. This is an eight-year project dedicated to 
innovation. This associated financial support enables the twelve joint centers to de-
velop innovative practices mainly oriented towards new technologies for IoT. 

5 Innovative practice  

5.1 Know-how at the heart of the microelectronics field: innovative platforms 

The innovative practice is first of all dedicated to the field of microelectronics and 
nanotechnologies. Indeed, this field is directly connected to the Moore’s Law and 
More than More’s evolution. New software for modeling the elementary devices for 
which the dimension reaches the nanoscale, new tools for CAD able to design very 
complex analog and digital circuits that contain billions of transistors, but also very 
high frequency modules for the transmission a very high flow of digital data, must be 
introduced in the content of the CAD platforms of the network. In addition, the heter-
ogeneous technology assembling that combines many functions involved in connected 
objects must be designed with new multi-physic simulators in order to include in the 
systems sensors and actuators, significant components of the connected objects. All 
the students at the level of master of engineering must have some know-how of these 
tools that are used in the research centers and in the companies. Because the perfor-
mances are directly linked to the fabrication process, the innovative platforms are 
created in order to prepare the students to the novel technologies such as, 3D elemen-
tary devices, optoelectronics involving III-V compound materials, thin film technolo-
gies, large area electronics for displays and energy conversion, flexible electronics, 
and more recently “plastronics”, for the most known ones. Specific training on tech-
nological platforms are thus created and introduced in the menu of the users. 

 
5.2 Concrete examples of innovative practice realized in the centers 

With more than 80 new platforms set up in the twelve microelectronic centers of the 
network since 2012, several training activities are described below. Figure 6 shows a 
selection of achievements designed, manufactured and tested by students as part of 
their initial training or of advanced training. These are mainly master of engineering 
students but also PhD students in further training, or employees of companies in LLL. 
For each achievement, the microelectronics center is mentioned in the figure. 

The diversity of the topics is shown: from integrated devices in bulk silicon tech-
nology to silicon thin film transistors for displays, sensors or actuators [19], flexible 
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electronics or radiofrequency circuits, and three dimension electronic on plastic 
(called “plastronics”, for example [20]). Many other examples are available on the 
website of GIP-CNFM [1]. The topics are mainly involved in the development of the 
connected objects and meet the industry needs. 

 

 
Fig. 6. Selection of achievements made by the students on the training platforms. The type of 
training and the name of the center are mentioned in each picture. The diversity of topics is 
great. Many other examples are available on the CNFM network's website [1]. 

5.3 Contribution of the network to the education of graduate students 

The strategy of innovation is adopted by all the members of the network [21]. Since 
2012, each year, new practice that can be suggested by the industry representatives 
are set-up and proposed to the user formations. The managers of these formations 
progressively introduce the new practice in their menus. Figure 7 shows the signifi-
cant growth of the innovative practice during the seven past years.  

 

 
Fig. 7. Evolution from 2011 to 2018 of the number of users in the twelve common centers of 
the CNFM network on innovative practice platforms. It is clear that the initial training is much 
more concerned. 
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The growth slope is close to 1,000/year. One can notice that the most significant 
component of this growth is generated by other disciplines that are more and more 
attracted by the multidisciplinary approach of the microelectronics field. For example, 
mechanicians are concerned by the MEMS, whereas biologists and medical specialists 
by the BioMEMS. 

6 Conclusion 

The societal evolution is definitely oriented towards the digital world with connected 
objects and IoT that can respond to many societal challenges such as health, environ-
ment, security, transport or energy. The training of students must meet the needs of 
the company by providing knowledge and know-how adapted to these future chal-
lenges. Because microelectronics is at the heart of all new objects, it is very im-
portant, on the one hand, to prepare these specialists for the specificities of this field, 
and on the other hand, to raise awareness among a wider community of students from 
other disciplines in order to be better prepared to team working in the multidiscipli-
nary approach to potential applications. 

Moreover, the tools used in the field of microelectronics and its applications are 
becoming so complex and expensive that the most realistic solution for training in 
know-how, which is compulsory, is to pool infrastructure, software, and operating 
resources. This approach adopted by the French microelectronics network makes it 
possible, on the one hand, to minimize the cost and, on the other hand, to train future 
graduates on efficient, recent and, if possible, implemented tools in companies. This 
guarantees a good adaptation of training to the labor market, a good matching be-
tween training structures and companies, and thus ensures a professional future for 
graduates. 
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