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Background and Mission
The EMPART research group is a multidisciplinary
research unit. Its main activities lie in micro- and nanoelectronics materials and devices. Our overall target is
to research and create micro- and nanostructures enabling novel functionality for electronic, telecommunication, energy/environmental and bio/medical devices.
The group brings together all the essential know-how
required to accomplish the main goal of “embedded
multifunctional electronics integrations” based on 1)
new, difficult-to-copy hyper-active, high dielectric and
optical performance materials, 2) most feasible, costaware fabrication technologies for hybrid electronics,
and 3) high-end state-of-the-art electronics integrations
enabling functional diversification in line with the
“More-than-Moore” (MtM) concept of future electronics. The group is the main leader of the More-thanMoore research group that was ranked with the highest
score 6 (outstanding) in the Research Assessment Exercise (RAE 2013) of the University by an international
panel, aided by a bibliometric analysis made by Leiden
University.
The group is funded recently by the European Research
Council Advanced Grant (Professor Heli Jantunen),
Tekes, the EU, the Academy of Finland, ERA.Net, and
by domestic and foreign industry. Global research cooperation is a characteristic feature of the EMPART
group, having key roles in several EU and other international projects.
The group is comprised of specialists in electronics,
electronic materials, micro- and nanoelectronics, mechanical and process engineering, measuring techniques, and also in chemistry and physics. In 2015 the
EMPART group had four professors including one
FiDiPro professor, 20 senior research fellows and postdoctoral researchers and 14 doctoral students. The unit
is highly international: 48 % of our researchers (professors, doctors, doctoral students) are from abroad.
In accordance with the long-term research targets, we
have continued the integration of interdisciplinary
topics towards future advanced electronics devices and
component implementations. In addition, a wide range
of application areas utilizing the generic materials
knowledge of the group have been of great importance.
In 2014, the group leader, Professor Jantunen, was
appointed as a Member of the World Academy of Ceramics and as the Chair of Scientific Advisory Board
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for Defence (MATINE) in recognition her independent
creative research work and the associated remarkable
advancing research of technical sciences and technical
and economic development.

Value chain within the EMPART group with collaboration and driving forces in general.

The EMPART group co-operated in 2015 with several
other Infotech Oulu research groups and was a partner
in PrintoCent (Printed Electronics and Optical Measurements Innovation Center) having a shared printed
electronics laboratory. The group is also a key player in
the Center of Microscopy and Nanotechnology of the
University of Oulu. The EMPART group is also a
seamless partner in the value chain of the Faculty of
Information Technology and Electrical Engineering.
National and international research and industrial cooperation included common projects and publications,
and student, researcher and lecturer exchanges. The
group acknowledges Finnish and foreign research and
industrial partners for their active participation in the
research projects.

Scientific Progress
Materials, components and technologies developed by
the group are now widely applied in the electronics
industry, especially in wireless telecommunication,
sensors/actuators and hybrid microelectronics technology. Piezoelectronic devices and printed electronics
applications are important examples of current exploitation, together with recent scientific achievements in
nanotechnology with applications. Novel materials, as
well as our progress in fabrication, have been utilized
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in antennas, sensors, ceramic/polymer integrations,
filters, micro-pumps, lens and mirror positioning systems, energy harvesters etc.

RF-applications and enabled for example miniaturization of patch antennas.

The research achievements of the group are presented
through examples covering selected doctoral theses in
2015 and the EU funded project. These are linked to
the EMPART research areas in materials science, manufacturing processes development and electronics applications.

Transmission electron microscopy image of metallic
cobalt nanoparticles coated with an 8 nm thick layer of
fatty acid surfactant. Utilization of surfactant layer enabled formulation of stable inks from the dry nanoparticle
powders [M. Nelo et al., (2010), Progress In Electromagnetics Research 110: 253–266].
Linkage of the selected doctoral theses and FP7 project
in 2015 to the EMPART group’s research focus areas in
materials science, manufacturing processes development and electronics applications.

Nanomaterials Enable Novel Applications
for Printed Electronics
(Doctoral thesis by Mikko Nelo: Inks based on inorganic nanomaterials for printed electronics applications)
In this thesis, novel inks were developed to enable new
applications for printed electronics. The inks were
based on dry inorganic powders enabling magnetic,
piezoelectric and memory resistive (memristive) functionality, to enable RF applications, sensors and
memory devices.
In the first part of the work, low curing temperature
screen–printable magnetic inks for high frequency
applications based on dry cobalt nanoparticles were
developed. Three publications were achieved from this
work. The first one concentrated on ink formulation
and its process development, the second on the utilization of multifunctional surfactant, and the third on the
development of the inks for plastic substrates. The
developed magnetic inks were cured at 120 °C. The
electrical performance, microstructure, surface quality
and mechanical durability of printed and cured layers
were investigated. Relative permeability values up to 3
and related loss tangents up to 0.01 were achieved at 2
GHz frequency, as well as a pull–off strength of up to
5.2 MPa. The maximum loading level of cobalt nanoparticles was 60 vol–%, after which the stability of the
ink started to degrade. The developed ink was aimed to
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The second part of the thesis focused on the formulation of inks based on piezoelectric ceramic particles in
powder form and ferroelectric polymers as a matrix
material. The performance and quality of the printed
inks and cured layers were investigated. The measured
pull off –strength was up to 3.25 MPa, relative permittivity was up to 48 at 1 kHz and piezoelectric constant
d31 up to 17 pm/V. The printed piezoelectric layer can
be utilized for example in pressure sensors.
The development of inks for a novel printed memory
component, a memristor, was investigated in the third
part of the work. A novel synthesis route was developed for an organometallic precursor solution, which
was formulated into inkjet–printable form. The printing
tests were carried out in order to find the most feasible
layer thickness with memristive behavior. The influence of substrate materials and different thermal treatments on the components’ electrical properties, durability of read/erase –cycles and overall lifetime were
also investigated. The prepared memristive patterns
remained functional for up to 35 days, while the precursor solution remained usable for over a year. The
memristive areas withstood up to 30 read/erase cycles
and by utilizing heat treatments the shift in resistance
value increased by up to three orders of magnitude.
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with piezoelectric actuators. Furthermore, the actuators
can tilt the mirrors to correct alignment errors occurred
in manufacturing. The resonance frequency of this
system dictates the speed of wavelength scanning and
therefore it is crucial to design the system dynamics to
meet the speed requirements. In this thesis, a small
signal model was developed for the actuator using
FEM-simulations and measurements. This model was
used to study the effect of different mirror masses on
the resonance frequency of the actuator.

Measurement being done to inkjet-printed memristive
pattern.

Different resonance modes for FPI-actuator [M. Sobocinski et al., (2012), IEEE trans. on Ultrasonics, Ferroelectrics and frequency control 59(9): 1990–1995].

Current-voltage response of a memristor [M. Nelo et al.,
(2013), Japanese Journal of Applied Physics 52(5):
article 05DB21].

Computational Methods for
Piezoelectric Devices

Designing

In second part of the thesis different energy harvester
designs were developed. Two wideband designs were
realized with multiple beam topology, one PZT-Steel
and one PZT-LTCC prototype. In multiple beam energy harvesters, the beams of the harvester are tuned
precisely to achieve a wide, relatively flat, resultant
power band. The two different manufacturing technologies used in this thesis provided differing manufacturing tolerances and thus different results. The inherently
more precise laser processed PZT-LTCC process
yielded better bandwidth performance than the more
manual work requiring PZT-Steel component. A method to assess the sensitivity of manufacturing tolerances
in multiple beam topology designs was presented based
on these results.

(Doctoral thesis by Mikko Leinonen: Finite element
method and equivalent circuit based design of piezoelectric actuators and energy harvester dynamics)
In this thesis, methods to design and tune actuator and
energy harvester dynamics were developed. Main
methods were the FEM-simulations and equivalent
circuits for electro mechanical systems. With these
methods, the resonance frequencies of the components
were tuned to maximize the power output and bandwidth of energy harvesters. Furthermore, a Fabry-Perot
filter was designed with LTCC-technology and its
dynamics was characterized and compared with numerical methods.
The Fabry-Perot filter is used in hyper spectral imaging
for use in chemical imaging applications. The component comprises of two semitransparent mirrors which
have an air gap around 1µm. This air gap is modulated
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The cymbal structure and the individual parts of the
shoe mounted piezoelectric harvester [M. Leinonen et
al., (2014), Journal of Intelligent Material Systems and
Structures, 25(4):391–400].

Finally, energy generation from walking was studied
with cymbal type piezoelectric component. The component was first manufactured and then tested inside a
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shoe. This test data was then converted into a force
profile to be used in a FEM simulation. FEM simulation model was then developed with real world force
signal. This model was used to study the endcap’s
nonlinear force transmission properties into the piezoelectric material. These results were used to explain the
saturation behavior under high loads in cymbal energy
harvester.

TCT. Later on the degradation could be observed in the
whole frequency band as TCT was continued. A manufactured antenna assembly used in these tests is shown
in figure below, whereas an example of the initially
observed, temperature-dependent indication of interconnection degradation, is shown as moving glitches in
frequency response in figure below.

This thesis provided a plethora of tools for dynamics
design in actuators and energy harvesters. The combination of FEM and measurements enabled the parametrization of small signal models, which could be
used in transducer design. Furthermore, electrical tuning of piezoelectric components was studied providing
low cost methods for high speed modulation of resonance frequency.

Monitoring and Predicting Lifetimes of
Modern Electronics Interconnections
(Doctoral thesis by Jussi Putaala: Reliability and
prognostic monitoring methods of electronics interconnections in advanced SMD applications)
Electronic products must endure various stresses during their lifetime. Their interconnections are subjected
to perhaps the greatest stresses. Important questions are
whether or not the operational capability of a product
can be trusted, are there any signs of degradation, and
when will the product fail eventually.
In this work the reliability, electrical monitoring methods, and prediction of the reliability lifetime of modern
electronics interconnections were studied. Degradation
of interconnections was characterized by means of
optical microscopy, X-ray, scanning acoustic microscopy and scanning electron microscopy. Also, monitoring of electrical signals up to 30 GHz were utilized to
observe thermal cycling testing (TCT) induced degradation of interconnections. To improve the accuracy of
lifetime prediction for ball grid array (BGA) type interconnections, a semi-empirical model, based on
Engelmaier’s solder joint lifetime prediction model
was modified and tested against available data.
The article-based dissertation showed that new solutions such as the use of plastic core solder balls (PCSB)
BGA interconnections together with enhanced substrate materials and adequate dimensioning can greatly
affect the reliability lifetime. An example of this result
was a failure-free lifetime of over 1000 cycles for 10
mm by 10 mm ceramic modules with relatively low
BGA sphere size (Ø 500 µm PCSBs), attached on an
enhanced printed circuit board and stressed in a harsh
TCT range of -40…125 °C.

Ceramic patch antenna module (blue) attached on an
RF printed wiring board using PCSB BGA
interconnections [J. Putaala et al., (2011), IEEE Trans.
Compon. Packag. Manuf. Technol. 1:1465].

Effect of interconnection cracks on RF performance of
an antenna assembly during shifting temperatures [J.
Putaala et al., (2011), IEEE Trans. Compon. Packag.
Manuf. Technol. 1:1465].

Development of the semi-empirical lifetime prediction
model for interconnections showed the temperature
range dependency of the model’s correction term to be
a second order polynomial instead of a previously
observed logarithmic one. For components with PCSB
BGA, promising prediction accuracies were achieved
which differed from the realized lifetime by less than
0.5% at best. Graphical representations of the achieved
correction terms used in lifetime predictions are shown
in figure below.

In another examined case with PCSBs, electrical monitoring performed at high frequencies showed that the
signal response was initially affected at some frequencies as short-duration (< 1 s) glitches in the monitored
signal when measured during cycling in 0‒100 °C
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Temperature range dependency of correction terms in
modified Engelmaier’s model for BGA interconnections
[J. Putaala et al., (2012), IEEE Trans. Compon. Packag.
Manuf. Technol. 2:994].

Today, there are no standard structural materials that
can simultaneously combine high static stiffness with
high damping properties at a broad operating temperature and frequency range. Consequently, there are currently no industrially scalable processes for costeffectively manufacturing high damping components.
The HIPPOCAMP project addresses the development
of a scalable industrial process enabling, (i) the synthesis of a new class of nano-composite materials, (ii) the
production of these nano-composites on metal or polymer parts, to create industrial components with superior vibration damping property. The project has progressed well with its active work packages and had the
second meeting already.

This work helps in reaching the goal of increased lifetime electronics with decreased service costs. The
results are applicable both in consumer and specialized
electronics.

High-power Impulse Plasma Process
Operations for the Creation of Advanced
Metallic Parts
(Part of the European Commission funded project
HIPPOCAMP under FP7, contributed by Geza Toth
et.al.)
European industries such as automotive, aerospace and
manufacturing have to develop new structural materials
and production processes in order to achieve strict
emission reduction requirements and improve performance and multifunctionality. However, advanced
engineered materials manufactured today with traditional techniques are prohibitively expensive for many
applications and generate unwanted by-products and
toxic waste. The HIPPOCAMP project focuses on the
development of a robust, high-yield, low cost, environmentally friendly manufacturing process to produce
nano-composites for products made of engineered
metallic material, in particular, structural components
for automotive, aerospace, manufacturing and wind
turbine applications.
One of the most desired functional property of such
components is vibration damping, because vibration
and chatter in turbine blades, machine-tools and other
industrial components have very significant consequences: decreased performance, higher maintenance
costs, shorter service life and ultimately, higher costs.
The HIPPOCAMP project develops a novel method to
generate a unique carbon-based composite with high
dynamic stiffness material, whose effect on vibration
damping will prolong the service life of components,
reduce their weight and significantly improve the performance of industrial machineries.
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Overview of the project process, material and target
product.

In the first six month, the consortium has focused to set
up internal procedures and started to characterize/test
the HIPPOCAMP material. Emphasis was laid on the
early development of plasma deposition system. A big
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effort has been dedicated to characterize experimentally the target industrial cases including internal turning,
creping, boring and compressor applications. In this
tests, the critical frequencies and the best areas for the
introduction of the new material has been defined.

Nelo M (2015) Inks based on inorganic nanomaterials for
printed electronics applications. Acta Universitatis Ouluensis.
Series C, Technica 553.

In the second six months, we have finalized the specifications & benchmarking part of the project with the
definition of all industrial application scenarios. Other
significant workpackages are also started and provided
their first deliverables at month 12. The consortium has
also worked in an exploitation seminar during the two
days project meeting. In the months between month 12
and month 18 the consortium continued the work on
the plasma deposition system and produced a number
of test batches. The samples were analysed and characterized to have the necessary feedback for further improvements. Our life cycle studies have begun as well.
In the period between the midterm and month 24 the
consortium has finished building the multi cathode
system. Thanks to this, we have started to produce the
samples in a much improved pace. Several industrial
scenarios were concluded in the first iteration. Most
significant results were published in high impact journals.

Tuhkala M., Juuti J., Teirikangas M., Myllymäki S., and
Jantunen H., Loading efficiency equation for the estimation
of dielectric properties of ceramic-polymer 0-3 composites,
Materials Today Communications 5: 60-63 (2015).

Personnel
professors
senior research fellows
postdoctoral researchers
doctoral students
other research staff
total
person years for research

4
6
14
14
2
40
12

External Funding
Source
Academy of Finland
Tekes
domestic private
international
total

EUR
450 000
730 000
200 000
860 000
2 240 000

Doctoral Theses
Putaala J (2015) Reliability and prognostic monitoring methods of electronics interconnections in advanced SMD applications. Acta Universitatis Ouluensis. Series C, Technica
521.
Leinonen M (2015) Finite element method and equivalent
circuit based design of piezoelectric actuators and energy
harvester dynamics. Acta Universitatis Ouluensis. Series C,
Technica 532.
Lin J-F. (2015) Multi-dimensional carbonaceous composites
for electrode applications. Acta Universitatis Ouluensis.
Series C, Technica 534.

Selected Publications

Kocourek T., Inkinen S., Pacherova O., Chernova E., Potucek
Z., Yao L.D., Jelinek M., Dejneka A., Van Dijken S., and
Tyunina M., Effects of doping and epitaxy on optical behavior of NaNbO3 films, Applied Physics Letters 107(17): Article number 172906 (2015).
Nelo M., Myllymäki S., Juuti J., Uusimäki A., and Jantunen
H., Cobalt Nanoparticle Inks for Printed High Frequency
Applications on Polycarbonate, Journal of Electronic Materials 44(12): 4884-4890 (2015).
Sebastian M.T., Ubic R., and Jantunen H., Low-loss dielectric ceramic materials and their properties, International
Materials Reviews 60(7): 395-415 (2015).
Tyunina M., Chvostova D., Yao L., Dejneka A., Kocourek
T., Jelinek M., and van Dijken S., Interband transitions in
epitaxial ferroelectric films of NaNbO3, Physical Review B Condensed Matter and Materials Physics Volume 92(10):
Article number 104101 (2015).
Fu Q., Lorite G.S., Rashid M., Neuhaus R., Cada M., Hubicka Z., Pitkänen O., Selkälä T., Uusitalo J, Glanz C., Kolaric I., Kordas K., Nicolescu C.-M., and Toth G., High dynamic stiffness mechanical structures with nanostructured
composite coatings deposited by high power impulse magnetron sputtering, Carbon DOI: 10.1016/j.carbon.2015.10.074
(2015).
Seelam P.K., Rautio A.-R., Huuhtanen M., Kordas K., and
Keiski R.L., Low temperature steam reforming of ethanol
over advanced carbon nanotube-based catalysts, Green Processing and Synthesis 4(5): 355-368 (2015).
Rashidian A., Shafai L., Sobocinski M., Peräntie J., Juuti J.,
and Jantunen H., Printable Planar Dielectric Waveguides
Based on High-Permittivity Films, IEEE Transactions on
Microwave Theory and Techniques 63(9): 2720-2729 (2015).
Kordas K., Rautio A.-R., Lorite G.S., Mohl M., Mäki-Arvela
P., Mikkola J.-P., Murzin D., Ge L., Ajayan P.M., and Vajtai
R., On the Interaction of Metal Nanoparticles with Supports,
Topics in Catalysis 58(14): 1127-1135 (2015).
Sainio S., Palomäki T., Tujunen N., Protopopova V., Koehne
J., Kordas K., Koskinen J., Meyyappan M., and Laurila T.,
Integrated Carbon Nanostructures for Detection of Neurotransmitters, Molecular Neurobiology 52(2): 859-866 (2015).
Kordas K., Mohl M., Kónya Z., and Kukovecz A., Layered
titanate nanostructures: perspectives for industrial exploitation, Translational Materials Research 2: 015003 (2015).
Pitkänen O., Lorite G.S., Shi G., Rautio A.-R., Uusimäki A.,
Vajtai R., Tóth G., and Kordás K., The Effect of Al Buffer
Layer on the Catalytic Synthesis of Carbon Nanotube Forests,
Topics in Catalysis 58:1112–1118 (2015).
Valtanen A., Huuhtanen M., Rautio A.-R., Kolli T., Kordas
K., and Keiski R.L., Noble Metal/CNT Based Catalysts in
NH3 and EtOH Assisted SCR of NO, Topics in Catalysis
58(14): 984-992 (2015).
Lin J.-F., Mohl M.; Toth G., Puskás R., Kukovecz Á., and
Kordas K., Electrocatalytic Properties of Carbon Nanotubes
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Decorated with Copper and Bimetallic CuPd Nanoparticles,
Topics in Catalysis Volume 58(14): 1119-1126 (2015).
Rautio A.-R.; Seelam P.K., Mäki-Arvela P., Pitkänen O.,
Huuhtanen M., Keiski R.L., and Kordas K., Carbon supported catalysts in low temperature steam reforming of ethanol:
study of catalyst performance, RSC Advances 5: 4948749492 (2015).
Mohl M., Dombovari A., Vajtai R., Ajayan P.M., and Kordas
K., Self-assembled large scale metal alloy grid patterns as
flexible transparent conductive layers, Scientific Reports
5(3): Article number 13710 (2015).
Tyunina M., Yao L.D., Chvostova D., Kocourek T., Jelinek
M., Dejneka A., and Van Dijken S., Effect of epitaxy on
interband transitions in ferroelectric KNbO3, New Journal of
Physics 17: Article number 043048 (2015).
Chernova E., Pacherova O., Chvostova D., Dejneka A.,
Kocoure T., Jeline, M., and Tyunina M., Strain-controlled
optical absorption in epitaxial ferroelectric BaTiO3 films,
Applied Physics Letters 106(19): Article number 192903
(2015).
Hsu F.-C., Jantunen H., Hsi C.-S., Hsiang H.-I., Yang M.-Y.,
and Chang C.-W., Multilayer low temperature co-fired Mtype barium hexaferrites and BaO·(Nd1-xBix)2O3·4TiO2 dielectric ceramics, Ceramics International 41(9), Part B:
12401–12406 (2015).
Bibikova O., Popov A., Bykov A., Prilepskii A., Kinnunen
M., Kordas K., Bogatyrev V., Khlebtsov N., Vainio S., and
Tuchin V., Optical properties of plasmon-resonant bare and
silica-coated nanostars used for cell imaging, Journal of
Biomedical Optics 20(7): Article number 076017 (2015).
Induja I.J., Abhilash P., Arun S., Surendran K.P., and Sebastian M.T., LTCC tapes based on Al2O3-BBSZ glass with
improved thermal conductivity, Ceramics International
41(10): 13572–13581 2015.
Varghese J., Teirikangas M., Puustinen J., Jantunen H., and
Sebastian M.T., Room temperature curable zirconium silicate
dielectric ink for electronic applications, Journal of Materials
Chemistry C 3(35): 9240-9246 (2015).
Sobocinski M. , Teirikangas M., Peräntie J., Vahera T., Nelo
M., Juuti J., and Jantunen H., Decreasing the relative permittivity of LTCC by porosification with poly(methyl methacrylate) microspheres, Ceramics International 41(9): 10871–
10877 (2015).
Varghese J., Nair D.R., Mohanan P., and Sebastian M.T.,
Dielectric, thermal and mechanical properties of zirconium
silicate reinforced high density polyethylene composites for
antenna applications, Physical Chemistry Chemical Physics
17(22): 14943-14950 (2015).
Chameswary J., and Sebastian M.T., Preparation and properties of BaTiO3 filled butyl rubber composites for flexible
electronic circuit applications, Journal of Materials Science:
Materials in Electronics 26(7): 4629-4637 (2015).
Siponkoski T. , Nelo M., Palosaari J., Peräntie J., Sobocinski
M., Juuti J., and Jantunen H., Electromechanical properties of
PZT/P(VDF-TrFE) composite ink printed on a flexible organic substrate, Composites Part B: Engineering 80: 217-222
(2015).

(MWCNTs) grown directly on tetrahedral amorphous carbon
(ta-C): An interfacial study, Diamond and Related Materials
56: 54-59 (2015).
Raut D.G. , Sundman O. , Su W. , Virtanen P., Sugano Y. ,
Kordas, K. , and Mikkola J.-P. , A morpholinium ionic liquid
for cellulose dissolution, Carbohydrate Polymers 130: 18-25
(2015).
Kuuluvainen V., Mäki-Arvela P., Rautio A.-R., Kordas K.,
Roine J., Aho A., Toukoniitty B., Österholm H., Toivakka
M., and Murzin D.Y., Properties of adsorbents used for
bleaching of vegetable oils and animal fats, Journal of Chemical Technology and Biotechnology 90: 1579–1591 (2015).
Lin J.-F., Pitkänen O. Mäklin J., Puskas R., Kukovecz A.,
Dombovari A., Toth G., and Kordas K., Synthesis of tungsten
carbide and tungsten disulfide on vertically aligned multiwalled carbon nanotube forests and their application as nonPt electrocatalysts for the hydrogen evolution reaction, Journal of Materials Chemistry A 3(28): 14609-14616 (2015).
Gemo N., Sterchele S., Biasi P., Centomo P., Canu P., Zecca
M., Shchukarev A., Kordás K., Salmi T.O., and Mikkola J.P., The influence of catalyst amount and Pd loading on the
H2O2 synthesis from hydrogen and oxygen, Catalysis Science
and Technology 5(7): 3545-3555 (2015).
Afzal A., Andersson M., Di Franco C., Ditaranto N., Cioffi
N., Scamarcio G., Lloyd Spetz A., and Torsi L., Electrochemical deposition of gold on indium zirconate (InZrOx with
In/Zr atomic ratio 1.0) for high temperature automobile exhaust gas sensors, Journal of Solid State Electrochemistry 19:
2859–2868 (2015).
Huotari J., Bjorklund R., Lappalainen J., and Lloyd Spetz A.,
Pulsed Laser Deposited Nanostructured Vanadium Oxide
Thin Films Characterized as Ammonia Sensors, Sensors and
Actuators B: Chemical 217: 22-29 (2015).
Tyunina M., Yao L., Chvostova D., Dejneka A., Kocourek
T., Jelinek M., Trepakov V., and van Dijken S., Concurrent
bandgap narrowing and polarization enhancement in epitaxial
ferroelectric nanofilms, Science and Technology of Advanced Materials 16(2): Article Number: 026002 (2015).
Abhilash P., Sebastian M.T., and Surendran K.P., Glass free,
non-aqueous LTCC tapes of Bi4(SiO4)3 with high solid loading, Journal of the European Ceramic Society 35(8): 23132320 (2015).
Chen M.-Y., Juuti J., Hsi C.-S., Chia C.-T., and Jantunen H.,
Dielectric Properties of Ultra-Low Sintering Temperature
Al2O3-BBSZ Glass Composite, Journal of the American
Ceramic Society 98(4): 1133-1136 (2015).
Sterchele S., Biasi P., Centomo P., Campestrini S., Shchukarev A., Rautio A.-R., Mikkola J.-P., ; Salmi T., and Zecca
M., The effect of the metal precursor-reduction with hydrogen on a library of bimetallic Pd-Au and Pd-Pt catalysts for
the direct synthesis of H2O2, Catalysis Today 248: 40-47
(2015).
Kähäri H., Teirikangas M., Juuti J., and Jantunen H., Improvements and Modifications to Room-Temperature Fabrication Method for Dielectric Li2MoO4 Ceramics, Journal of
the American Ceramic Society 98(3):687-689 (2015).

Fu Q., Lorite G.S., Rashid M.M.-U., Selkälä T., Uusitalo J.,
Toth G., Kordas K., Österlind T., and Nicolescu C.M., Suppressing tool chatter with novel multi-layered nanostructures
of carbon based composite coatings, Journal of Materials
Processing Technology 223: 292-298 (2015).

Sainio S., Palomäki T., Rhode S., Kauppila M., Pitkänen O.,
Selkälä T., Toth G., Moram M., Kordas K., Koskinen J., and
Laurila T., Carbon nanotube (CNT) forest grown on diamond-like carbon (DLC) thin films significantly improves
electrochemical sensitivity and selectivity towards dopamine,
Sensors and Actuators B: Chemical 211: 177-186 (2015).

Laurila T., Sainio S., Jiang H., Palomäki T., Pitkänen O.,
Kordas K., and Koskinen J., Multi-walled carbon nanotubes

Lin J.-F., Kukkola J., Sipola T., Raut D., Samikannu A.,
Mikkola J.-P., Mohl M., Toth G., Su W.-F., Laurila T., and
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Kordas K., Trifluoroacetylazobenzene for optical and electrochemical detection of amines, Journal of Materials Chemistry A, 3(8): 4687-4694 (2015).
Lin J.-.F, Mohl M., Nelo M., Toth G., Kukovecz A., Konya
Z., Sridhar S., Vajtai R., Ajayan P.M., Su W.-F., Jantunen H.,
and Kordas K., Facile synthesis of nanostructured carbon
materials over RANEY (R) nickel catalyst films printed on
Al2O3 and SiO2 substrates, Journal of Materials Chemistry C
3(8): 1823-1829 (2015).
Rautio A.-R., Pitkänen O., Järvinen T., Samikannu A., Halonen N., Mohl M., Mikkola J.-P., and Kordas K., Electric
Double-Layer Capacitors Based on Multiwalled Carbon
Nanotubes: Can Nanostructuring of the Nanotubes Enhance
Performance? Journal of Physical Chemistry C119(7): 35383544 (2015).
Siponkoski T., Nelo M., Peräntie J., Juuti J., and Jantunen H.,
BaTiO3-P(VDF-TrFE) composite ink properties for printed
decoupling capacitors, Composites Part B-Engineering 70:
201-205 (2015).
Varghese J., Surendran K., and Sebastian M.T., Room temperature curable silica ink, RSC Advances 4(88): 4770147707 (2015).
Joseph N., Varghese J., and Sebastian M.T., Self assembled
polyaniline nanofibers with enhanced electromagnetic shielding properties, RSC Advances 5: 20459-20466 (2015).
Varghese J., Joseph T., Surendran K., and Sebastian M.T.,
Hafnium silicate: a new microwave dielectric ceramic with
low thermal expansivity, Dalton Transactions 44(11): 51465152 (2015).
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