ISSN 0352-9045 N

Informacye | MIDEM

Journal of Microelectronics,
Electronic Components and Materials
Vol. 44, No. 1 (2014), March 2014

Revija za mikroelektroniko,
elektronske sestavne dele in materiale
letnik 44, stevilka 1 (2014), Marec 2014




UDK 621.3:(53+544+621+66)(05)(497.1)=00 ISSN 0352-9045

Informacye MIDEM 1-2014

Journal of Microelectronics, Electronic Components and Materials

VOLUME 44, NO. 1(149), LJUBLJANA, MARCH 2014 | LETNIK 44, NO. 1(149), LJUBLJANA, MAREC 2014

Published quarterly (March, June, September, December) by Society for Microelectronics, Electronic Components and Materials - MIDEM.
Copyright © 2014. All rights reserved. | Revija izhaja trimese¢no (marec, junij, september, december). Izdaja Strokovno drustvo za
mikroelektroniko, elektronske sestavne dele in materiale — Drustvo MIDEM. Copyright © 2014. Vse pravice pridrzane.

Editor in Chief | Glavni in odgovorni urednik
Marko Topi¢, University of Ljubljana (UL), Faculty of Electrical Engineering, Slovenia

Editor of Electronic Edition | Urednik elektronske izdaje
Kristijan Brecl, UL, Faculty of Electrical Engineering, Slovenia

Associate Editors | Odgovorni podro¢ni uredniki
Vanja Ambrozi¢, UL, Faculty of Electrical Engineering, Slovenia
Slavko Amon, UL, Faculty of Electrical Engineering, Slovenia
Danjela Kuscer Hrovatin, JoZef Stefan Institute, Slovenia
Matjaz Vidmar, UL, Faculty of Electrical Engineering, Slovenia
Andrej Zemva, UL, Faculty of Electrical Engineering, Slovenia

Editorial Board | Uredniski odbor
Mohamed Akil, ESIEE PARIS, France

Giuseppe Buja, University of Padova, Italy

Gian-Franco Dalla Betta, University of Trento, Italy
Martyn Fice, University College London, United Kingdom
Ciprian lliescu, Institute of Bioengineering and Nanotechnology, A*STAR, Singapore
Malgorzata Jakubowska, Warsaw University of Technology, Poland
Marc Lethiecq, University of Tours, France
Teresa Orlowska-Kowalska, Wroclaw University of Technology, Poland
Luca Palmieri, University of Padova, Italy

International Advisory Board | Casopisni svet
Janez Trontelj, UL, Faculty of Electrical Engineering, Slovenia - Chairman
Cor Claeys, IMEC, Leuven, Belgium
Denis Bonlagi¢, University of Maribor, Faculty of Elec. Eng. and Computer Science, Slovenia
Zvonko Fazaring, CIS, Stanford University, Stanford, USA
Leszek J. Golonka, Technical University Wroclaw, Wroclaw, Poland
Jean-Marie Haussonne, EIC-LUSAC, Octeville, France
Barbara Mali¢, JoZef Stefan Institute, Slovenia
Miran Mozeti¢, Jozef Stefan Institute, Slovenia
Stane Pejovnik, UL, Faculty of Chemistry and Chemical Technology, Slovenia
Giorgio Pignatel, University of Perugia, Italy

Giovanni Soncini, University of Trento, Trento, Italy
Iztok Sorli, MIKROIKS d.0.0, Ljubljana, Slovenia
Hong Wang, Xi“an Jiaotong University, China

Headquarters | Naslov urednistva
Urednistvo Informacije MIDEM
MIDEM pri MIKROIKS
Stegne 11, 1521 Ljubljana, Slovenia
T.+386 (0)1 513 37 68
F.+386(0)1 5133771
E. info@midem-drustvo.si
www.midem-drustvo.si

Annual subscription rate is 100 EUR, separate issue is 25 EUR. MIDEM members and Society sponsors receive current issues for free. Scientific Council for Technical Sciences of
Slovenian Research Agency has recognized Informacije MIDEM as scientific Journal for micro—electronics, electronic components and materials. Publishing of the Journal is
cofinanced by Slovenian Book Agency and by Society sponsors. Scientific and professional papers published in the journal are indexed and abstracted in COBISS and INSPEC
databases. The Journal is indexed by ISI® for Sci Search®, Research Alert® and Material Science Citation Index™. |

Letna naro¢nina je 100 EUR, cena posamezne $tevilke pa 25 EUR. Clani in sponzorji MIDEM prejemajo posamezne $tevilke brezpla¢no. Znanstveni svet za tehni¢ne vede je
podal pozitivno mnenje o reviji kot znanstveno-strokovni reviji za mikroelektroniko, elektronske sestavne dele in materiale. Izdajo revije sofinancirajo JAKRS in sponzorji drustva.
Znanstveno-strokovne prispevke objavljene v Informacijah MIDEM zajemamo v podatkovne baze COBISS in INSPEC. Prispevke iz revije zajema ISI® v naslednje svoje produkte:
Sci Search®, Research Alert® in Materials Science Citation Index™.

Po mnenju Ministrstva za informiranje $t.23/300-92 se steje glasilo Informacije MIDEM med proizvode informativnega znacaja.

Design | Oblikovanje: Snezana Madi¢ Le3nik; Printed by | tisk: Biro M, Ljubljana; Circulation | Naklada: 1000 issues | izvodov; Slovenia Taxe Percue | Postnina placana pri posti 1102 Ljubljana



Informacije| MIDEM

Journal of Microelectronics,
Electronic Components and Materials
44,No. 1 (2014)

Content | Vsebina

Characterisation of Thick-film Resistors as Gauge

Karakterizacija debeloplatnih uporov kot senzorjev

0.65Pb(Mg, ,Nb

2/3

H. Ursi¢, E. Tchernychova, A. Bencan, J. Jouin, J. Holc,

R. C. Frunza, M. Jankovec, B. Kmet, M. Topi¢ B. Malic:
Current Transients in Solution-derived Amorphous

R. C. Frunza, M. Jankovec, B. Kmet, M. Topi¢ B. Malic:
Prehodni tok v tankoplastnih kondenzatorjih na
osnoviTa,O,, pripravljenih s sintezo iz raztopine

Compositional and Microstructural Study of Sol-

Fazna in mikrostrukturna analiza tankoplastnih
struktur PbZr Ti .O,/Al,0,/SiO,/Si, pripravljenih s

A.-P. Abellard, D. Kuscer, M. Lethiecq, J.-M. Grégoire,

Lead Zirconate Titanate Multi-element Structure by

A.-P. Abellard, D. Kuscer, M. Lethiecq, J.-M. Grégoire,

Vecelementna struktura svincev cirkonat titanat z

Improving the Power flow in Photovoltaic Plants

Sistem hranjenja energije s super kondenzatorjem za
izboljSanje pretoka energije v fotonapetostnih sistemih

On Self-Avoiding Walks across n-Dimensional Dice
and Combinatorial Optimization: An Introduction

Zakasnjevanje analognih kvadraturnih signalov v

Fixed-point Multiplication and Division in the LogA

Nova topologija porazdeljenega ojacevalnika s
spremenljivim ojacenjem v 0.13 pm CMOS teh-

Editorial 2 Uvodnik
Original scientific papers [zvirni znanstvenu élanki
M. Hrovat, D. Belavi¢, K. Makarovic, 4 M. Hrovat, D. Belavi¢, K. Makarovic,
J. Cilensek, B. Mali¢: J. Cilensek, B. Malic:
Sensors on Different LTCC Substrates sile na razli¢nih LTCC substratih
H. Ursi¢, E. Tchernychova, A. Bencan, J. Jouin, 12
J. Holc, S. Drnovsek, M. Hrovat, B. Malic: S. Drnovsek, M. Hrovat, B. Mali¢:
The Influence of The Platinum Substrate Vpliv hrapavosti platinske podlage na
Roughness on the Ferroelectric Properties of feroelektri¢ne lastnosti debelih plasti
)0,-0.35PbTiO, Thick Films 0.65Pb(Mg, ,Nb, )O.-0.35PbTiO,
19
Ta205—based Thin-film Capacitors 0,
E. Khomyakova, A. Bencan, B. Mali¢: 25 E. Khomyakova, A. Bencan, B. Mali¢:
Gel-Derived PbZr .Ti O,/AlLO,/SiO,/Si 03 10,05
Thin-Film Structures sol-gel sintezo
32
B. Mali¢ F. Levassort: B. Mali¢ F. Levassort:
Electrophoretic Deposition elektroforetskim nanosom
M. A. Guerrero-Martinez, E. Romero-Cadaval, 40 M. A. Guerrero-Martinez, E. Romero-Cadaval,
V. Minambres-Marcos. M. . Milanés-Montero: V. Minambres-Marcos. M. |. Milanés-Montero:
Supercapacitor Energy Storage System for
F. Brglez: 53 F. Brglez:
Kombinatori¢na optimizacija in sprehodi brez
ciklov v n-dimenzionalni kocki
Professional papers Strokovni dlanki
T. Dogsa, M. Solar, B. Jarc: 69 T. Dogsa, M. Solar, B. Jarc:
Delaying Analogue Quadrature Signals in
Sin/Cos Encoders Sin/Cos enkoderjih
M. Zakerhaghighi, A. Hakimi: 75 M. Zakerhaghighi, A. Hakimi:
Novel Topology of Variable Gain Distributed
Amplifier in 0.13 um CMOS Technology for nologiji za UWB naprave
UWB Applications
Announcement and Call for Papers: 84 Napoved in vabilo k udelezbi:

50" International Conference on
Microelectronics, Devices and Materials

50. Mednarodna konferenca o mikroelektroniki,
napravah in materialih

Front page:

Optical micrograph of the domain structure of
K,sNa,.NbO, singlg crystal.in poncryst'aII.ine
K,sNa,,NbO, matrix in polarized transmission
light. Courtesy of Elena Tchernychova.

Naslovnica:

Slika domenske strukture monokristala
K,sNa,.NbO, v polikristalni matrici K .Na, [NbO,
z opticnim mikroskopom v polarizirani presevni
svetlobi. Avtorica slike: Elena Tchernychova



Editorial | Uvodrnik

This issue is devoted to the late Professor Marija Kosec.

Prof. Dr. Marija Kosec
(1947 - 2012)

»...Prof. Marija Kosec has been a shining star on the sky of Slovenian Science and Research...«
Prof. Marko Topic, the President of the MIDEM Society on 4th Jan 2013

Professor Marija Kosec, or Mari¢ka, as almost everyone called her, was born on the 5" September 1947 in Sinkov turn, Slo-
venia. She graduated in 1970 in chemical technology, received her MSc in 1975 and her PhD in chemistry in 1982 at the
University of Ljubljana, Slovenia, under the supervision of Professor Drago Kolar. The topic of her Master Thesis was lead-free
piezoelectric sodium potassium niobate, which, after being almost forgotten for about 25 years, became extremely popular
with the revived interest in environment-friendly lead-free piezoceramics. Her doctoral thesis involved the study of phase
relations in calcium uranate systems and within this period she mastered the techniques of thermal analysis.

Since 1971 she was employed at the JozZef Stefan Institute (JSI), Ljubljana, Slovenia, and in 1997-2001 she was the Head of
the Ceramics Department followed by being the Head of the Electronic Ceramics Department (2002-2012). In 2007-2009
she was the President of the Scientific Council of JozZef Stefan Institute. In 1993 she was a visiting scientist at the Ceram-
ics laboratory of Ecole Polytechnique Federale de Lausanne (EPFL), Switzerland. In the years 2004-2009 she was also
the Director of the Slovenian Centre of Excellence “Materials for electronics of next generations and other emerging
technologies”, and in the period 2009-2012 of the Centre of Excellence “Advanced Materials and Technologies for the
Future” (NAMASTE).

Since 1999 she was Professor of Materials Science at the University of Ljubljana, with courses at graduate and post-graduate
level. She was active in the Jozef Stefan International Postgraduate School since its establishment in 2004 as its Vice-Pres-
ident. She was a visiting professor at Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland, Shizuoka University,
Japan, and for shorter periods at a number of other universities and institutes. She was Adjunct Professor at Xi‘an Jiaotong
University, China. She was an inspiring advisor to many PhD students at the University of Ljubljana, the JoZef Stefan Interna-
tional Postgraduate School and the University of Oulu, Finland.

She served as a member or chair of many scientific societies, committees or advisory bodies both in Slovenia and abroad.
In the period 2005-2006 she was the President of the Slovenian Academy of Engineering. Since 1999 she was a member of
the European Liaison Committee of International Microelectronics and Packaging Society (IMAPS). In 2001 she became a
member of the Ferroelectrics Committee at |IEEE.

Professor Kosec was a very active and strong supporter of the Society for Microelectronics, Electronic Components and
Materials (MIDEM Society) and its long-term member. In the years 1996-2005 she was the President, and in the periods 1989-
1996 and 2005-2011 the Vice-President.

In recognition to her achievements she was awarded the title Ambassador of Science of the Republic of Slovenia (2003), she
was a recipient of the Zois Award, the highest national science award (2006), and of the Puh recognition for the implementa-



tion of research results in industry in 2009. In 2010 she received the Ferroelectrics Recognition Award from IEEE Ultrasonics,
Ferroelectrics, and Frequency Control Society for her significant contributions to the processing science and technology of
ferroelectric powders, bulk ceramics, thin and thick films.

The research work of Prof. Kosec was on synthesis and processing of ceramic materials for electronics, especially ferroe-
lectrics and piezoelectrics. She established strong collaborations with researchers from complementary fields, especially
from solid-state physics and electronics both in Slovenia and around the world. Her contribution was in better understan-
ding and consequently controlling the synthesis of complex perovskite materials in solutions, colloidal systems, by mecha-
nochemical activation or reactions in solid state.

Itis worthwhile to note the highly technologically demanding processing of transparent electrooptically active lead lantha-
num zirconate titanate bulk ceramics, which she undertook in the frame of a military project together with colleagues from
the Condensed Matter Physics Department within JSI, in 1980s.

In 2001 the group of Prof. Kosec took part in the first European framework project on environment-friendly lead-free piezo-
ceramics based on alkaline niobates. Her first publication on sintering of sodium potassium niobate from 1975, which had
been her Master degree topic, eventually became the seminal paper on sintering of this still not thoroughly-understood
material. Together with the colleagues from the Condensed Matter Physics Department she discovered a new group of
lead-free relaxors. In the frame of a European project, the group prepared for the first time single crystals of sodium potas-
sium niobate by solid state crystal growth with piezoelectric properties exceeding those of the polycrystalline counterpart.

Research of ferroelectric thick films (thickness range of a few 10 um) is among the notable achievements of Prof. Kosec
and her group. In 1992 the German printing company MAN Roland Druckmaschinen patented the process of ferroelectric
printing and in order to prove the concept, ferroelectric thick films with the thickness of a few 10 um with almost theoretical
density were needed. At that time there was almost no knowledge on ferroelectric thick films processing. Professor Kosec
and her colleagues succeeded to process the films with required materials and functional properties and patented the pro-
cessing of such films. Integration of ferroelectric and piezoelectric thick films on different substrates was later the topic of
a number of European framework projects. The development of integrated medical ultrasound transducer in collaboration
with colleagues from the University Francois-Rabelais, Tours, France, and pressure sensors with Slovene companies HIPOT
RRin HYB should be also noted.

In the field of Chemical Solution Deposition (CSD) of ferroelectric Pb(Zr,Ti)O, thin films (i.e., with thicknesses of a few 100
nm) she addressed together with her colleagues the problem of chemical homogeneity on sub-nanometre scale. The ex-
ceptional practical outcome of this work from more than 10 years ago was in major lowering of the crystallization tempera-
ture of the perovskite phase from the usually reported 600-650 °C to as low as 400 °C, which is today still among the lowest
reported crystallization temperatures. The value of this achievement lies in the easier integration of thin films into electronic
components where temperature plays an important role. Due to the expertise in CSD of ferroelectric thin films the group of
Professor Kosec collaborated in European framework projects on microwave phase shifters based on tunable ferroelectric
thin film, thin film capacitors with exceptionally high dielectric permittivity and thin films and 2D-structures for oxide based
transparent electronic components. Only a few years ago the extremely large electrocaloric temperature change in lead
lanthanum zirconate titanate thin films was confirmed by direct measurements in collaboration with colleagues from the
Condensed Matter Physics Department within JSI.

Professor Kosec was author or co-author of more than 300 scientific papers in international journals and of about 15 chap-
ters in books. She gave more than 150 invited talks at international conferences and at different research institutions includ-
ing Max Planck Institut, MIT, Tokyo Institute of Technology, and she was extremely proud of having the opportunity to visit
and give lectures at important Japanese producers of electronic components including Murata, TDK, Panasonic and Toshiba.

She endeavored to connect the basic research with the applied research, development and industry. She was principal
investigator of more than 40 contracts with industry, she lead or collaborated in more than 20 European framework pro-
gramme or other international projects. Together with her colleagues she wrote more than 160 technical reports, eleven
national patents, one European and one US patent. To strengthen good collaboration between academia and industry she
organized or supported organization of different meetings where knowledge and skills from both parts could merge.

In September 2012 Professor Kosec was the chair of the 48™ International Conference on Microelectronics, Devices and
Materials with the Workshop on Ceramic Microsystems; however, due to the fast progressing of her illness she could not
take active part in this very successful event. She died only a few months later, on December 23, 2012.

Her optimistic approach to life in general and to her research in particular, her sharp mind and her extensive background
knowledge, her sincere interest in people and her generous heart are missed.

Prof. Barbara Mali¢

Electronic Ceramics Department
Jozef Stefan Institute

Ljubljana, Slovenia.
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