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Abstract - This paper summarizes both the some Czech Ministry of Education, another by the Eurapea
theoretical and practical experience and also some Association for Education FEANI.

results gained in the research and postgraduate study a

the Brno University of Technology, Faculty of Electical RESEARCH ACTIVITIES

Engineering and Communication, Department of Research activities at the Faculty of Electrical iBegring
Microelectronics. The growth in research activities BS  and Communication (Fig. 1) are mostly funded from
been _Observed at_ the FEEC from 2004 in terms of national grant projects (Grant Agency of the Czech
founding and quality of research results. Postgradu@ Republic, Ministry of Trade and Industry, and othefigim
study is practically the part of direct interconnecton  the Ministry research projects and from the Research
between University and industry. There are new fact® Centers. During 2004-5, research was conducted wiitiein

in business world that are mentioned in this paper. V&  framework of research plans and the new researchecentr
important is adaptation of study program and activiies \yas established.

to actual situation in local indUStry sector. The sitation There are two basic opportunities in the CZGCbUBHﬁ

in the Czech Republic is presented. Research actiiit o receive financial supports, specific and institoi.

have to start just during study period importantly one  Specific one can be one of three types of fir&nci
of the first steps that give good base to built effagal  support:

system for joining particularly effective postgraduae - grant projects

students with praxis. The establishing of optimal - programme projects

collaboration between industry and research sector - public contracts

must be push from University facilities, as well as fsm First is granted from the Ministry of Industrydathe

independent research institution closed to concrete Ministry of Education (GACR, FRVS), second from the

industry branch.  Adaptation of these facts for state administration body and third means an opetrax
Microelectronics Technology education program iS from some institution.

indicated. Institutional one can be of the three followigpes:
- specific research
Index terms - research and education, microelectronics - research plot
technology, three steps study - international collaboration
There are various programs offered by national,
| NTRODUCTION international and multinational institutions and greup

There is a need to match education to the charmismess AN important objective at University generallytésgive
world asking new business strategy, which is more artgnsparent and clear programme for research &esivi
more determined by the industry needs. People MWith a possibility to join it, or to offer possidyito join, to
production and market know the most about produats astart and to develop these activities. Engagement of
they have actual information to evaluate what trerket University staff and constitution of research team in
really needs and what producers should produce to Biversity is good and important step in this operatio
successful. ...Members of the academic staff and postgraduate ssident

To produce excellent students means to find tbbtri from the Department of Microelectronics, Radioelewits,
equilibration between knowledge and practical neéds Biomedical Engg., Control and Instrumentation,
the three step educational system (Bachelor — MasterTelecommunications, Physics, Mathematics, Theoretical
PhD), the third PhD stage gives the optimal opponyueit and Experimental Electrical Engineering,
reach efficient conformity in it. Establishing ap&l Electrotechnology and Languages were involved in
collaboration between industry and research sectbickw research carried out in the years 2002 — 2004. Eeahof
must be pushed both from the University and from researthe research plan duration, about 100 University staff
institutions) offers forming experts that are able tmmd about 70 full-time doctoral students participated tlire
successful outputs. Actual of the educational/researchsearch plan.
system at the FEEC BUT is presented in this paper.

The quality of teaching/research activities iargmteed
by accreditation procedures, one at the national ley the
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FIGURE 1
DEVELOPMENT OF RESEARCH ACTIVITIES AFEECBUT

Particular attention is currently paid to projectstfee ' micro- and nanotechnologies for preparation of adeen
Framework Programme of EU. Work is underway orlectronic structures and semiconductor components.
Faculty projects, and partnership for joint projects i
offered. NEW FACTORS IN BUSINESS WORLD DEMANDS

The staff is involved in applied research for isiial New business world demands ask new business strategy,
partners on the basis of contracts, and within theéwork which is more and more determined by customers. They
of diploma theses and dissertations. Companies interesknow the most about products, and they have thealctu
in cooperation can write directly on email address anformation to evaluate what the market really neeus$ a
contact directly the particular departments. Thepoasible how producers should be successful.

for the organization of research activities at theuftg of Network  application, mass customization and
Electrical Engineering and Communication is the Vicedisintermediation are new fundamental principlesrsuee
Dean for Research and Creative Activities. prosperity in future world. Information technologpeeds

One good example is the research activity carrigdab things up, increasing productivity and flexibilitp inter-
the Microelectronics Department of FEEC, which Has t and intra-firm relations.
titte “New Trends in Microelectronic Systems and To achieve an efficiency in research needs toremsore
Nanotechnologies” (MIKROSYN), concerning steps one after other. As every system asks to hake rig
fundamental area of microelectronics technology sectanput data, the gaining of them is the first prpai
The research plan deals with advanced microelectrorassumption for later success. Because there is necessity for
circuits, chip microsystems and structures. All the ne$ea complex data collection, both education and ingukave
areas involved are focused on new and prospectiveomicto supply this system. The establishing of the optimal
and nanosystems and technologies. The whole conceptcoflaboration between industry and research sectot beus
the research plan is scheduled until 2010. Basic pplied pushed from the University, as well as from indepahde

research cover five areas: research institutions closed to the concrete industmch.

- Theory, design and diagnostics of low-voltage anvd- lo The basic principle of the system approach is showngn Fi
power integrated circuits in submicron technologies 2.

- Modelling and simulation of integrated circuits In the last years there was one increasingly irapodrea

- Microsystems and nanosystems of knowledge in the electronics sector, which is
- Advanced technologies for microelectronics andMicroelectronics Technology and Packaging”. Thigar
nanoelectronics becomes to be increasingly complex and includes

- Up-to-date diagnostics of materials and components  increasingly subjects that one’s attention to vawiou
The objectives of research in all areas inwbhage application areas as for example Automotive, RF/\Wsle
original findings in microelectronic systems, progiess Telecommunication, Consumer, PC etc. There is one
research and optimization methods, applied research dammon factor, that's truth with different evaluatifor

each sector, quality and cost.
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FIGER
TODAY’S COMMON SYSTEM FOR ACHIEVING OF PROGRESS
THE CZECH ELECTRONIC SECTOR The strategy in the electronic sector is supporteddnd

According to statistics, the Czech Republic attractespirit of innovation, high intellectual capital, sto
more than $7 billion of foreign direct investment the efficiencies and traditional quality assurance. Theedh
first 3 quarters of last year and in the 21st centumg Republic entered to the European Union in May 2@
maintained its number one position per capita int@én these attributes bringing annual production increasenal
and Eastern Europe. The structure of investment 40% in the last year. As the Czech Republic was bdfw
beginning to shift from quantity to quality, which is2" World War one of the leading recipient of autometi
reflected in the marked increase of projects of teldgyo projects in Europe (there were 7 brands there), dnise
centers and strategic services.. The Czech Repuldi@haagain in the vanguard of electronics and electrical
great potential in this area in particular, courtedyits engineering industries.
industrial tradition and the quality of its systemhidher Major investors in the Czech Republic are showthan
education. The increase of such sophisticated psoat Czech territory in Fig.3.
also be largely attributed to the adoption andiappbn of
the new program to support technology centers and
strategic services, which was approved by the governmen
last year.
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FIGURE 3
MAJOR INVESTORS IN ELECTRONICS SECTOR IN THEZECH REPUBLIC TERRITORY[7]
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TABLE |
SALARY OF THE CZECH ELECTRO ENGINEERS IN VARIOUS POSITION]
Position CZK per month EUR per month
Engineer of electronics/electrical engineering
Researct& Development 17 800 — 45 100 580 — 1490
Designer 16 700 — 42 000 590 — 1350
Supervisor 18 800 — 50 200 600 — 1580
Quality Controller 18 700 — 40 900 620 — 1290
Production Manager 14 400 — 42 000 650 — 1380
1 Total students: 243,765
! ' I nformatics students: 6,239

Usti n. Labem e B Eicctronics & EE: 14,266

4 |
4 |
/ Hradec Kralove
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1 »
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Source: Institute for Infc n in Education, 2003

FIGURE 4
. TECHNICAL UNIVERSITY FACILITIES IN THE CZECH REPUBLIC[7]

The movement towards a competitive free market econoroytputs of engineering graduates in the word as a
has increased unemployment in traditionally strong sectgoroportion of total university awarded. In 2003, tio¢al

of the Czech industry such as mining and heavy industmumber of university students in the Czech Repubbs w
As industrial restructuring gathers pace, investorstake more than one quarter of million. Approximately ab&
advantage of a pool of available skilled laboure @rech 000 electronics-orientated students, are enrolledsiat
Republic boasts one of the most competitive wagechnical universities, producing around 8 000 gaiek
structures in the world. The wage structure is conipetit per year. Placement of Czech universities is showrign
with emerging economies in other parts of the world4.

(Tab.l).

In the last years there is in the electronics sectoPOSTGRADUATE STUDY IN ELECTRONICS TECHNOLOGY
increasingly important area of knowledge, which is Microelectronics technology becomes highly
microelectronics assembly technology including paak@gi interdisciplinary area containing different sectosscauld
and interconnection. That is truth this area becotnds®e be seen in Fig. 5. This fact is closed to technoldgica
increasingly complex and includes subjects that oneistegration that includes except “pure” technologyany
attention to various application areas as for exampfermerly independent areas, as system engineering,
automotive, RF/wireless, telecommunications, consumaeraterial science, computer practical, thermal managem
etc. quality management, selected rules of general manageme

Quality and cost form today inseparable part afhea not excluding. The development period (product, ess¢c
technical solution that tackles with the technolagic equipment etc.) is more complex and asks approathstha
performance of every one electrical circuit, equiptner more open than some years ago.

system. This fact has to be taking into account dayvdup It is obvious the special emphasis must be given on
educational program as well. selected parts of the basic subjects (mathematics,gshysi
chemistry etc.) as well on the extend and supplementa

HUMAN RESOURCES IN THE CZECH REPUBLIC subjects regarding concrete application (sensors,

Although there are obvious wage cost advantagesysalmoptoelectronics, microwaves and wireless etc.), and
all foreign investors in the Czech electronics seei@ depending on the type and character of location and
attracted even more by the skills demonstrated by Czewspective production too.

workers. In the Czech Republic is one of the highest
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Figure 5: General approach to quality assurantiedrsense of the term “Technology Integration” @)d three stages
of a new product introduction (b)

There are two approaches to the Microelectronics ACKNOWLEDGEMENT
Technology and Packaging education. The first is thEhis paper has been worked out under the projeCizeth
education one’s attention to prepare specialistthierarea; Ministry of Education in the frame of Research Plan
the second is general survey with basic area of kriggle MSM0021850032 “New Trends in Microelectronic
for all students of electrical engineering. Bothttedm have Systems and Nanotechnologies”.
similar structure; only their extent is differentetfirst is
more detailed and has certain continuity. This fact is REFERENCES
involved in Fig. 5a because many different knowkedg[1l] Szendiuch, I.. Some New Aspects in Microeleciten
areas are included in modern microelectronics tecyyol ~ Assembly Technology Education,"5BCTC, International
The three-step study programme have to be focisedWorkshop on Micro-systems Packaging Education, New
every step following intent: Orleans, May 27, 2003, p. 12-17
[2] Tummala, R.: Fundamentals of Micro- systems
+ Bachelor — general knowledge, opening oPackaging, Mc-Graw-Hill, 2001, ISBN 0-07-137169-9
abilities, motivation for next personality [3] Szendiuch, I.: Impact of Technological Integi@a on
development Actual Development in Electronics, Proc. XXIV
» Master (Engineer) — next deepening of knowledgtternational Conf. IMAPS Poland 2000, Rytro, 25-29
in electricallelectronics engineering, choice of5ept,2000, ISBN 83-904462-5-1
specialization, involving in research activities [4] Weihrich, H., Koontz, H.: Management, McGraw-Hil
« Postgradual (Doctorate) - forming  of USA, 1993, ISBN 80-85605-45-7
comprehensive knowledge and full engagement i%] Szendiuch, I.: Education in Hybrid Micro-eleatics,
research activities heading to the leading figure Microelectronic Interconnections and Assembly. Editgd
G.Harman and P. Mach, Kluwer Academic Pub, 1995,
CONCLUSION ISBN 0-7923-5139-8

The paper summarizes both theoretical and prdictk%] ECTS—European Crt_edit Transfer and Accumulation
experience in the microelectronics technology edoicat ystem,http.//europa.eu.mt/-
process for the three-step study programme target tgqm/educatlon/sqcrates/ects.htmI .
postgraduate study. A brief overview of some basi CZ?Ch Republic, The_ Czech Electronic Sector,
principles in  innovated education system o0 zechinvestwww.czechinvest.org
microelectronics technology at Brno University of
Technology, with emphasis on the use of postgraduate
students for research activities is mentioned. Moreover,
there is a fact that a great part of students whe Ipagsed
this specialization at the Brno University of Tecluyy is
going on in the study or scientific activities waride.
Microelectronics Technology is today one of the
fundamental areas of informatics and communication
industry making main part of hardware. There must be an
accomplished education system to assure groundwork for
marketable products, which means products lower in cost
and higher in quality. Research activities startingt j
during postgraduate study are one of the first stegigtkie
good base to built effective system for joining poastigrate
students with practice.
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