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PREFACE

The Institute of Microelectronics (IMEL) has been established in 1986 as one of the eight research In-
stitutes of the National Center for Scientific Research ‘Demokritos’ (NCSR ‘D’), a multidisciplinary re-
search centre under the General Secretariat for Research and Technology. With more than 25 years
of research experience, IMEL has developed technology know-how in design, fabrication and testing
of microsystems and devices that allow bridging the gap between basic and applied research since a
fundamental idea can be quickly demonstrated as a useful application. 

The Institute research activities are developed around a central clean room laboratory where micro
and nanofabrication processes are performed. The central facilities are operated by well-trained te-
chnical staff and are used by all researchers of the Institute being at the same time open to other re-
searchers and laboratories at national and European level. They include a unique in Greece full silicon
processing laboratory in a clean room area of 300m^2 adequate for the realization of innovative de-
vices on silicon substrates. Satellite laboratories include electrical and optical characterisation, orga-
nic materials and resist processing as well as advanced imaging equipment (scanning electron and
scanning probe microscopes).

Research at IMEL is carried out at EU level through its participation in European research projects, net-
works of excellence and technology platforms. EU projects cover a number of specific priorities of the
EU research framework programme, including mainly information and communication technologies;
nanotechnology, materials and production processes; and energy, health and the environment. IMEL’s
success in the above peer reviewed R&D funded programmes represents one of the strongest en-
dorsements of IMEL’s R&D competence and reflects the world-class standing of the institute. As a re-
sult of the numerous European and national projects that the IMEL has participated in, important
research findings have been published in high-impact journals and related patents have been issued.
IMEL is a member of the European Academic and Scientific Association for Nanoelectronics (AENEAS-
technology platform ENIAC) and a founding member of SINANO, the European Institute of Nanoe-
lectronics and member of the Hellenic Semiconductor Industry Association. 

Microelectronics is facing many challenges leading towards the extension of its impact from the well-
known computer and telecommunications sectors to other fields, such as health, the environment,
energy and environment. This broadening of applications necessitates the integration of different
functions (electronic, optical, mechanical, bio-chemical) on the same chip or in the same package,
providing many opportunities for multidisciplinary research. IMEL researchers – having realised the
need for the multidisciplinary approach that is required for emerging and future microsystem rese-
arch – have, in time, initiated and developed long-lasting alliances with the other partner organiza-
tions in strategic areas such as nanobiotechnology and nanolithography. 

The year 2010 we have started the realization of the Micro and Nanosystems Center of Excellence
project funded through the Regional Potential Programme of EU. The project will enhance the equip-
ment infrastructure of the Institute as well as its international relationships. As part of the project, a
100 keV e-beam lithography system with resolution down to 8 nm has been selected and put in ma-
nufacturing. The system is expected to be delivered and installed in 2011. IMEL will have thus the op-
portunity to extend its activities well into the nanoscale regime that will impact most of IMEL’s
research projects during the coming years. We also mention the organization in 2010 of one inter-
national Conference (Microelectronics, Microsystems and Nanotechnology) by IMEL scientists gath-
ering over 150 participants.

In this annual report, the research and education activities and research output of IMEL are presen-
ted. I would like to thank all the researchers, research engineers, PhD and post-doctoral students as
well as the technical and administrative staff of the Institute who contributed to a successful year

Prof. D. Tsoukalas
Director of IMEL
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MISSION AND ACTIVITIES

Mission of IMEL

The mission of the Institute is to perform internationally competitive medium to long term research in the
field of micro and nanotechnology that enables the development of semiconductor based novel nanode-
vices and microsystems used in high added value products with a wide range of applications within the
information technology, energy and health sectors. In parallel the Institute supports related educational
activities in Greece and offers services to external users at the national and international level.

The above is in line with the government policy to promote excellence in research, high technology de-
velopment and innovation at Research Institutes and to promote collaboration between academia and in-
dustry. In this direction, IMEL has been accredited to international quality and metrology standards (ISO
9001 and ISO/IEC 17025).

Due to the infrastructure available at IMEL for silicon processing and micro- nanofabrication, electronics
and sensors, and the existing expertise and know-how developed, the role of the Institute is significant in
contributing to the increase of the technological level of the country and to spread the knowledge thro-
ugh collaboration with Academia in research and education activities.

Research Orientation

IMEL is mainly devoted to silicon technologies and their diverse applications in information processing,
storage, transmission systems and telecommunications, environmental systems, medicine, healthcare,
food industry etc.

Research Activities at IMEL are structured in 3 programmes, each one being composed of smaller projects
as follows:

I. MICRO and NANOFABRICATION

➤ Materials for Lithography and Organin/Hybrid Electronics

➤ Lithography and Plasma Processes for Electronics, Microfluidics and Surface Nano-Engineering

➤ Front-end Processes for Micro and Nanodevices

➤ Thin Films by Chemical Vapor Deposition (CVD)

II. NANOSTRUCTURES and NANOELECTRONIC DEVICES

➤ Nanostructures for Nanoelectronics, Photonics and Sensors

➤ Materials and Devices for Memory Applications 

➤ Molecular Materials as Components of Electronic Devices

III. SENSORS and MEMs

➤ Mechanical and Chemical Sensors

➤ Energy Harvesting Materials and Devices

➤ Bio-microsystems

➤ Thin Film Devices for Large Area Electronics

➤ Circuits and Devices for Sensor Networks & Systems

➤ Photonic Crystals metamorphic materials and novel systems

Education and Training at IMEL 

Due to its unique infrastructure at a national level and the important expertise and know-how of its rese-
archers, IMEL plays an important role in post-graduate education. In collaboration with Greek universities,
it participates very actively in the following educational programmes, by providing special courses and la-
boratory training:

1. Post-graduate program in “Microelectronics” in collaboration with the University of Athens (for MSc and
PhD degrees)

2. Master program in “Microsystems and Nanoelectronic devices” in collaboration with the National Te-
chnical University of Athens
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3. Post-graduate program in “Nanosciences and Nanotechnologies” in collaboration with the University
of Thessaloniki (for MSc and PhD degrees)

Laboratories and Central Fabrication Facilities at IMEL

The facilities and equipment of IMEL include a full silicon processing laboratory in a clean room area,
complemented by characterization laboratories (electrical, optical, structural), micromachining and pac-
kaging equipment, resist development laboratory, as well as testing facilities and design, modeling and si-
mulation tools. The clean room is equipped with lithography (optical, e- beam) and etching tools, thermal
and chemical processing, ion implantation, deposition of metals, dielectrics and poly- nanocrystalline si-
licon by physical and chemical processes (LPCVD, sputtering, e-gun and thermal evaporation), and pro-
cess inspection equipment. 

Lithography equipment High density plasma etcher

Electrical characterization equipment FEG SEM JEOL JSM-7401F

RF probe station Lithography and etching area
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Management

The management of the Institute is carried out by its Director, who is elected for a 5 year term by an In-
ternational Scientific Committee and is assisted by a Deputy Director and an Institute Scientific Advisory
Board, elected every 2 years by the Researchers. The Director represents the Institute in the Board of ma-
nagement of the Centre, and is responsible for the overall functioning of the Institute. An external Inter-
national Scientific Advisory Committee, which discusses with the Director and the scientific staff the
Institute research priorities and policy, has been involved with IMEL since 2000. 

A scientist is in charge of the processing laboratory, which is a central facility used by all scientific gro-
ups. The processing and electrical characterization laboratories are certified by ISO 9001 ensuring the
high quality services that offers. Furthermore, the electrical characterization laboratory is now accredited
to ISO/IEC 17025:2005, the most important metrology standard for test and measurement, by the Helle-
nic Accreditation System. This latest accreditation expands the list of IMEL certifications by industry re-
cognized standards for quality such as ISO 9001. The accreditation recognizes that IMEL’s electrical
characterization services meet the requirements of this international standard demonstrating its compe-
tence to carry out test and measurement on MIS devices. The scope and the application field of the ac-
creditation are described at http://www.esyd.gr/portal/p/esyd/en/catalogues.jsp .

Personnel

The personnel of IMEL includes 16 key researchers and several post-doctoral scientists and PhD students.
It also includes a group of technicians that operate the central fabrication facility (details in annex I). 
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REGPOT Project: Micro and Nanosystems Center of Excellence 
(MiNaSys CoE)

Coordinator: D. Tsoukalas

Other personnel: All the researchers of IMEL 

Description and Objectives

The purpose of the present REGPOT project (December 2009-November 2012) is to extend and improve
the existing facilities and know-how at the Institute of Microelectronics (IMEL) of the National Center for
Scientific Research “Demokritos”, recognized as Center of Excellence in Nanoelectronics and MEMS in
Greece. Dissemination and networking activities will be also organized, targeting mainly, but not exclu-
sively, collaborations with the countries in Southeastern Europe in the field of nanofabrication, nanode-
vices and sensors/MEMS/NEMS. With the existing expertise, know-how and state-of-the-art infrastructure
and facilities, complimented by important new equipment that will be purchased within the present pro-
ject, the MiNaSys-CoE aims at becoming unique in the Southeastern Europe region.

The objective of the project is:

• To upgrade the research infrastructure and research portfolio of the Institute of Microelectronics in a
way that would enable the Institute to be competitive worldwide in the coming decade and maintain
its role and influence in Greece as the reference Center in the field of fabrication of micro & nanosy-
stems.

To achieve that general objective the following specific objectives are then set:

Purchase and install research equipment capable for patterning at the nanoscale and allowing processing
and integration of Silicon and polymeric substrates and devices.

• Forge new research collaborations with European Centers of Excellence by exchange of personnel  al-
lowing fast and timely introduction of new technologies

• Train young scientists, technologists and SMEs technical personnel to gradually improve the quality of
life and economy of the country.

• Focus the research activities of the Institute personnel on thematic areas of priority for Europe with em-
phasis on potential regional applications 

• Disseminate knowledge produced at IMEL through different complementary actions supported by Mi-
NaSys (workshops, publications, web page)

Actions performed in 2010

• Through an international tender a state-of-the-art 100 keV Electron Beam Lithography tool from VISTEC
was selected. Model chosen is EPBG-5000 plus with resolution down to 8 nm at 6’ inch wafer scale.
The system will be delivered and installed at IMEL in 2011. The selection procedure included in a first
phase presentations from various e-beam tool manufacturers at IMEL premises followed by the tender.

•Following an open call for applications two experienced researchers were selected to work in the pro-
ject. Namely Dr. Antonis Olziersky with experience in e-beam lithography and Dr. K. Yannakopoulos with
experience in Electron Microscopy.
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PROJECT I.1 MATERIALS FOR LITHOGRAPHY AND ORGANIC/
HYBRID ELECTRONICS

Project Leader : P. Argitis

Key Researchers : P. Argitis, I. Raptis

Permanent research staff : M. Vasilopoulou, A.M. Douvas,

Post-doctoral Research Associate : L. Palilis

Ph.D. candidates : P. Pavli, T. Manouras, D. Georgiadou 

Master students : S. Karakitsiou

Collaborating researchers from other IMEL groups : D. Davazoglou, P. Normand, N. Glezos, P. Dimi-
trakis, E. Gogolides, A. Tserepi

External Collaborators : M. Chatzichristidi (Univ of Athens), G. Pistolis (IPC-NCSRD), S. Kakabakos, P.S.
Petrou, (IRRP-NCSR-D), N. Stathopoulos, S. Savaidis (TEI Piraeus), D. Dimotikali (Nat. Tech. Univ. Athens),
S. Kennou (Univ. of Patras), J.A.G.Williams (Univ. of Durham)

Objectives

A. Development of new lithographic materials and micro- nanopatterning processes  

Research topics 

- Investigation of new resist chemistries 

- Optimization of patterning processes for ultra high resolution patterning 

- Lithographic schemes for patterning in the areas of MEMs, bio-MEMs and related fields

The current research priorities include new resists based on imaging through polymer back-bone breaking
and new patterning processes for biosystems fabrication 

B. Materials research for organic/hybrid electronic devices of improved performance

Research topics

- Electron transporting interfacial layers of organic optoelectronic devices 

- Emission colour tuning in Organic Light Emitting Diodes (OLEDs)

- Material options for improving charge separation and transport in organic/hybrid photovoltaics (OPVs)

The current research priorities include investigation of W or Mo polyoxometallates (POMs) and corre-
sponding oxides as electron transporting layers in OLEDs and OPVs, photochemically induced emission
tuning of OLEDs, nanostructuring of p-n junctions in OPVs and development of processing technology for
POMs-containing materials

MAIN RESULTS IN 2010

Metal oxide interfacial layers in organic/hybrid electronics

1. Reduced Molybdenum Oxide as an Efficient Electron Injection Layer in Hybrid Light Emitting 
Diodes 

HyLEDs based on a green emitting yellow copolymer, poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-benzo-
{2,1’,3}-thiadiazole)] (F8BT or YE copolymer), can be significantly improved by inserting a very thin par-
tially reduced molybdenum oxide (MoO2.7) layer between the Al cathode and the emitting layer (Figure
7). We found that the improvement in device performance is due to the occupation with electrons, after
partial reduction, of the gap states attributed to Mo 4d orbitals (Figure 1). These states were recorded
with ultraviolet photoemission spectroscopy (Figure 2) and are located just below the CB edge, are sug-
gested to contribute to the enhancement of the rate of electron injection from Al to the polymer LUMO
as they may create energetically favourable, available sites for facile electron transport. These states may
also result in a considerable lowering of the electron injection barrier height, thus improving both elec-
tron injection and carrier recombination, increasing the device luminance and lowering the operating vol-
tage. This work regarding the use of molybdenum oxide along with the one concerning tungsten oxide (see
annual report 2009) demonstrate that high workfunction metal oxides, in their reduced states, may be a
viable candidate as stable, efficient electron injection/transport layers in high performance HyPLEDs.



2.Tungsten oxides as hole injection layers for improved performance in hybrid optoelectronic devi-
ces.

Tungsten oxide (WO3) films with thicknesses ranging from 10 to 100 nm, grown by Hot Filament Vapour
Deposition (HFVD) were optically and structurally characterized and their potential use as efficient con-
ducting interfacial layers in advanced hybrid organic-inorganic optoelectronic devices, such as Hybrid Or-
ganic Light Emitting Diodes (Hy-OLEDs), was investigated in detail. The surface structure and morphology
of these films were characterized by XPS and AFM, respectively (Figure 3). Then, Hy-OLED devices were
constructed, using thin WO3 layers as anode interfacial layers and their current-luninance-voltage cha-
racteristics were studied (Figure 4). It was found that the performance of Hy-LED devices was improved
in terms of higher current density and a lower turn on voltage, in the case where a thin WO3 layer was
inserted at the anode/polymer interface. This improvement was attributed to a more efficient hole injec-
tion and transport from the anode Fermi level to the HOMO of the polymer.
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Figure 2: HeI UP spectra (Fermi edge region) of the MoO3 and the MoO2.7 film (left) and External Quantum Efficiency of
reference and MoO2.7 based HyPLEDs (right).

Figure 3: AFM images taken on HFVD WO3 films with thicknesses of 30 (left) and 70  nm (right).

Figure 1: Device architecture of the HyLED with MoO2.7 as electron injection/transport layer (left) 
and the corresponding energy diagram (right).



PROJECT OUTPUT IN 2010

Publications in international Journals

1. “A water soluble inorganic molecular oxide as a novel electron injection layer for high performance hybrid poly-

mer light-emitting diodes”, L.C.Palilis, M.Vasilopoulou, D.G.Georgiadou, P.Argitis, Organic Electronics, 11(5) 887,

2010.

2. “Optical simulation and experimental study of hybrid polymer bulk heterojunction solar cells with a WO3 cath-

ode interfacial layer”, N.A.Stathopoulos, L.C.Palilis, S.P.Savaidis, S.Yesayan, M.Vasilopoulou, D. Davazoglou, P.

Argitis, IEEE Journal of Selected Topics in Quantum Electronics, 16 (6), art. no. 5466225, 1784, 2010.

3. Optimized surface silylation of chemically amplified epoxidized photoresists, D. Kontziampasis, K. Beltsios, E.

Tegou, P. Argitis, E. Gogolides, Optimized surface silylation of chemically amplified epoxidized photoresists, J.

Appl. Pol. Sci., 117, 2189-95, 2010

4. Electrochemical biosensor microarray functionalized by means of biomolecule friendly photolithography, M. Mir,

S. K. Dondapati, M. V. Duate, M. Chatzichristidi, K. Misiakos, P. Petrou, S. E. Kakabakos, P. Argitis, , Biosensors

and Bioelectronics, vol.25, 2115-21, 2010

5. Thermally-Induced Acid Generation from 18-Molybdodiphosphate and 18-Tungstodiphosphate within Poly(2-Hy-

droxyethyl Methacrylate) Films, Chemistry of Materials A. M. Douvas, K.Yannakopoulou, P. Argitis, , 22, 2730-40,

2010

6. "Theoretical Investigation on The Effect of Protonation on The Absorption and Emission Spectra of Two Amine-

Goup-Bearing, Red "Push-Pull" Emitters, 4-Dimethylamino-4'-Nitrostilbene (DANS) and 4-(Dicyanomethylene)-

2-Methyl-6-p-(Dimethylamino) Styryl-4H-Pyran (DCM)”, I. Petsalakis, D. Georgiadou, M. Vasilopoulou, G. Pistolis,

D. Dimotikali, P. Argitis, G. Theodorakopoulos, , J.Phys. Chem. A, 114, 5580-7, 2010

7. “Simulation of Shot Noise effect on CD and LER of Electron Beam Lithography in 32nm Designs”, Pa-
tsis G P, Tsikrikas N, Drygiannakis D, Raptis I Microelectron. Eng. 87 1575-1578, 2010

8. “Integrated tool for the spreading, thermal treatment and in-situ process monitoring of thick photore-
sist films” Goustouridis D, Raptis I, Valamontes E, Chatzichrisitidi M Microelectron. Eng. 87 1115-1117
(2010)

Publications in International Conference Proceedings

1. “Nanostructured metal oxides as cathode interfacial layers for hybrid/polymer electronic devices M. Vasilopoulou,
L. C. Palilis, D. G. Georgiadou, P. Argitis, I. Kostis, G. Papadimitropoulos, N. A. Stathopoulos, A. Iliadis, N. Kono-
faos and D. Davazoglou,”, Advances in Science and Technology, Vol. 75 , pp 74, 2010.

Conference Presentations 

1. «Dual function tungsten oxides: anode and cathode interfacial layers for improved performance», M. Vasilopou-
lou, L. C. Palilis, D. G. Georgiadou, P. Argitis, I. Kostis, Ν. Α. Stathopoulos, G. Papadimitropoulos and D. Davazo-
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Figure 4: The current density-voltage (J-V) (left) and Luminance-Voltage (L-V) (right) characteristics of the reference device
and the HyLEDs with the WO3 interfacial layer  (various thickenesses) at the anode side.
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glou, ICOE, Paris, 22-25 June 2010.

2. “Improved efficiency of polymer light emitting diodes (PLEDs) by using sulfonium salts as organic electron injec-
ting layers (EIL)”, D.G.Georgiadou, M.Vasilopoulou, L.C.Palilis, L.Sygellou, S.Kennou, D.Dimotikali, P.Argitis, 3rd
Ιnternational Symposium on Flexible Organic Electronics (IS-FOE10), Halkidiki, Greece, 2010.

3. “Nanostructured metal oxides as cathode interfacial layers for hybrid polymer electronic devices”, M.Vasilopou-
lou, L.C.Palilis, D.G.Georgiadou, P.Argitis, I.Kostis, G.Papadimitropoulos, Ν.Α.Stathopoulos, A.Iliadis, N.Konofaos,
D.Davazoglou, 12th International Conference on Modern Materials and Technologies (CIMTEC 2010), Monteca-
tini Terme, Italy, 2010.

4. “Nanostructured metal oxides as cathode interfacial layers for improved performance hybrid organic-inorganic
optoelectronic devices”, N.Konofaos, M.Vasilopoulou, L.C.Palilis, D.G.Georgiadou, P.Argitis, I.Kostis, G.Papadi-
mitropoulos, Ν.Α.Stathopoulos, A.Iliadis, D.Davazoglou, 7th International Conference on Nanosciences and Na-
notechnologies (NN 2010), Ouranoupolis, Halkidiki, Greece, 2010.

5. “Solution-Processable Polyoxometalate Anionic Metal Oxides as Novel Electron Injection and Transport Layers for
High Performance Hybrid-Polymer Light Emitting Diodes (Hy-PLEDs)”, L.C.Palilis, M.Vasilopoulou, A.M.Douvas,
D.G.Georgiadou, S.Kennou, L.Syggelou, P.Argitis, 4th International Conference on Micro-Nanoelectronics, Nano-
technologies and MEMs (Micro & Nano 2010), Athens, Greece, 2010.

6. Investigation of Sulfonium Salts as Charge Transport Carriers for Improvement of Polymer Light Emitting Diodes
Performance, D. G. Georgiadou, P. Dimitrakis, M. Vasilopoulou, L. C. Palilis, L. Sygellou, S. Kennou, D. Dimoti-
kali, P. Argitis, 4th International Conference on Micro-Nanoelectronics, Nanotechnologies and MEMs (Micro &
Nano 2010), Athens, Greece, 2010.

7. Photoresists based on polymer backbone scission: a route towards low LER nanostructures, T. Manouras and P.
Argitis , 8th Hellenic polymer Society Symposium, 24-29 October 2010, Crete, Greece

8. Laser induced cell patterning using polyacetals as photodegradable substrates, Theodore Manouras, George Pa-
sparakis, Alexandros Selimis, Maria Vamvakaki  and Panagiotis Argitis, 8th Hellenic polymer Society Symposium,
24-29 October 2010, Crete, Greece

9. Photopatternable polyvinyl alcohol-based film exhibits non-fouling properties, Pagona Pavli, Panagiota S. Petrou,
Antonis M. Douvas, Eleni Makarona, Sotiris Kakabakos , Dimitra Dimotikali, Panagiotis Argitis, 4th International
Conference on Micro-Nanoelectronics, Nanotechnologies and MEMs (Micro & Nano 2010), Athens, Greece, 2010

10. Different Approaches to Electron Injecting Layers (EILs) for OLEDs, D. G. Georgiadou, M. Vasilopoulou, L. C. Pa-
lilis, D. Dimotikali, D. Davazoglou, P. Argitis, Converging electronics week, Plastic Electronics, Dresden, Germany,
October 19-21, 2010

11. Polyoxometalates as components of molecular electronic devices, Invited talk,  P. Argitis, ESF Workshop on Po-
lyoxometlate-Based nanoscale Devices, Newcastle upon Tyne, UK, Aug 1-3, 2010

Master thesis

1. S. Karakitsiou, Process development for nanostructuring the active layer of organic photovoltaic devices, Advisors
: M. Chatzichristidi, H. Iatrou, P. Argitis, Graduate Program on Polymer Science and Applications, Department of
Chemistry, University of Athens, October 2010
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Project Ι. 2:  LITHOGRAPHY AND PLASMA PROCESSES FOR
ELECTRONICS, MICROFLUIDICS AND SURFACE
NANO-ENGINEERING

Key researchers: E. Gogolides, A. Tserepi

Permanent Researcher: V. Constantoudis

Researchers on Contract: G.P. Patsis, G. Kokkoris 

Post Doctoral fellows: A. K. Gnanappa, D. Moschou

Collaborating researchers: S. Chatzandroulis, K. Misiakos, I. Raptis, P. Argitis

PhD candidates: M.-E. Vlachopoulou, K. Tsougeni, A. Malainou, D. Kontziampasis, K. Ellinas, G. Akse-
nov, V.K. Murugesan Kuppuswamy

MSc Students: A. Zeniou, A. Smyrnakis, I. Kouris, E. Mavraki

External collaborators: S. Kakabakos and P. Petrou (IRRP, NCSR-Demokritos, Greece), S.Garbis, A.
Vlahou, P. Zerefos, S. Pagakis (IIBEAA, Greece), G. Kaltsas (TEI Athens Greece), A. Boudouvis and A. Pa-
pathanasiou (NTUA, Greece), N. Hadjichristidis and E. Iatrou (UoA, Greece), K. Beltsios and I. Panagio-
topoulos (U. Ioannina, Greece), C. Cardinaud (U. Nantes, France), M. Cooke and A. Goodyear (Oxford
Instruments Plasma Technology, UK), E. Pargon (CEA-LETI, France), A. Speliotis (IMS, NCSR-D), R. Gro-
nheid, A. P. Vaglio (IMEC), W. Coene, M. Riepen, F. Evangelista (ASML), D. Ehm (Zeiss) 

Projects Running:

-SPAM, Marie Curie-ITN, Contract No 215723

-“Lab-on-chip” Corralia-GSRT Contract No ΜΙΚΡΟ2-ΣΕ-Γ/Ε-ΙΙ

Objectives: 

Our first objective is to use our rich plasma nanoscience and nanoassembly toolbox as an enabling tech-
nology for a variety of applications including Surface Science, Life Sciences and Energy, as well as for fun-
damental studies in these fields. More specifically, we use various top down and bottom up lithographic
processes followed by plasma etching / processing not only for nano-relectronics and MEMs, but also for
surface wetting control, surface engineering, microfluidics, microarrays and lab-on-a-chip fabrication:

• For nano-electronics, our work focused on simulation of Line Edge Roughness (LER) transfer during pla-
sma etching, and on Contact Edge Roughness (CER) Characterization, where new software for CER de-
tection and measurement from top down SEM images was developed. Molecular simulation and scaling
theory was used to understand roughness formation on photoresist surfaces during development and
its dependence on dissolution inhomogeneities. The predictions of that analysis were in agreement
with experimental trends. (see section A). Finally we used for the first time in the international litera-
ture superhydrophobic surfaces for immersion lithography demonstrating extremely increased scan-
ning speeds (see section C).

• For Life Science applications, Plasma Processing was used to fabricate microfluidics, lab on a chip, and
microarrays. Our new technologies include Deep Plasma Etching of smooth PDMS microfluidics as an
alternative to soft lithography, as well as colloidal lithography followed by plasma etching and selective
deposition for nanoscale protein patterning. Furthermore, two analytical microfluidic devices were de-
veloped: a) An affinity chromatography chip for phosphopeptide enrichment with capacity superior to
commercial off-line TiO2 tips, b) A chip for DNA amplification using continuous flow PCR. (see section
B). 

• Plasma Nanoscience was used to create nanoscale pillars on polymers as well as Silicon or Silicon dio-
xide, and control their wetting properties and reflectivity. We have created superhydrophobic.surfaces
with minimal roughness and used them for very high scanning speeds in immersion lithography. We
used colloidal lithography and plasma etching to create superamphiphobic (water and oil resistant) and
superamphiphilic (water and oil wetable) surfaces. We demonstrated cryogenic etching processes of Si-
licon leading to nanoscale Silicon pillars of high aspect ratio (>20:1). Finally we have continued the work
of plasma directed organization and shown the effects of temperature and etcher wall material on the
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self-organization of these nanodots. (see section C)

• Work on plasma etching and plasma nanoscience was also complemented by plasma simulations (see
section D).

Our second objective is to create the necessary infrastructure for plasma processing, and for lab on chip
fabrication and characterization. Towards this end we installed a second helicon plasma reactor in the In-
stitute and a laboratory for microfluidics and lab-on-chip assembly and characterization. (See section E) 

RESEARCH RESULTS IN 2010

A. Micro and Nano Lithography: Simulation and Metrology

A1 Molecular simulation and scaling analysis of resist surface roughness during development 
G. P. Patsis, V. Constantoudis, E. Gogolides

The sidewall roughness of resist lines (Line Edge Roughness (LER)) is considered one of the main obsta-
cles to the successful implementation of future lithographies. Resist development is a standard lithogra-
phic step during which the contribution of material properties to LER formation is mostly manifested.
However, during the development of a line and the formation of rough sidewalls, roughness is influen-
ced by aerial image contrast, and post exposure bake in addition to material properties. This difficulty
can be overcome by studying the evolution of surface roughness of open-surface resist films during de-
velopment (depth-profiling method). 

We have implemented the depth profiling method in a simulation framework by using a home-made sto-
chastic simulator of the dissolution process which takes into account the molecular structure of resist films
and employs the critical ionization model for the development (Fig. 1). 

Since development of resist films is a dynamic phenomenon evolving in time, dynamic scaling theory is
applied to give valuable information. Resists with both homogeneous and inhomogeneous local dissolu-
tion behaviour have been simulated. In homogenous polymers, slow rms roughness increase is reported
and the scaling exponents are shown to obey the dynamical scaling hypothesis of Family-Viscek. Disso-
lution inhomogeneity is inserted on monomer scale (by using copolymers), on chain scale (by using mix-
ture of copolymers) or on film scale by the activation of PhotoAcid Generator (PAG) molecules and the
concomitant acid diffusion. Our simulator predicts that any kind of inhomogeneity may cause much lar-
ger rms roughness than homogeneous solubility. Furthermore, PAG-induced inhomogeneity results in
faster increase and larger values of roughness compared to chain-level-inhomogeneity and this in turn to
larger values compared to polymers with monomer scale inhomogeneity (Fig. 2). Comparison with ex-

Fig. 1. A typical snapshot of 1D resist surface evolution
(with a magnification of a small part of it) during develop-

ment as given by the stochastic simulator used in the
paper. 

Fig. 2. Simulation results for the dependence of rms roughness
on development time for a resist with increasing levels of inho-
mogeneities: on monomer scale (full squares), on chain scale
(full circles) and on film scale PAG induced (full triangles). For
the sake of comparison the behaviour of the roughness para-
meters of the fully homogeneous resist is also shown (open

squares). 
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perimental results shows good agreement with the simulation predictions.

A2 Line Edge Rougness (LER) transfer during plasma etching 
V. Constantoudis, G. Kokkoris, E. Gogolides

The question of the (an)isotropy of resist sidewalls after lithography is examined and the focus is on the
impact that this (an)isotropy may have on line edge roughness (LER) transfer during plasma etching. The
latter is critical in LER/LWR studies since it relates the resist LER to the variations in the gate length of a
transistor along gate width which eventually affect device performance. 

The (an)isotropy of resist sidewalls is investigated by analyzing measurements of 3D sidewall surfaces
taken by CD-AFM or CD-SEM; the latter show that the sidewall morphology of commercial resist lines (3D
Line Edge Roughness) after lithography and before etching exhibit anisotropy in the form of striations per-
pendicular to line direction (Fig. 3a). A measure for the anisotropy of the surfaces is introduced and the
effect of anisotropy on LER transfer during trimming and pattern transfer is investigated by modeling and
simulation. If the anisotropy is taken into account, the beneficial role of trimming in LER reduction during
pattern transfer can be predicted (Figs. 3b and 3c) in agreement with experimental results. Furthermore,
experimental and modeling studies (Fig. 3d) show that the CD-AFM measurements of the 3D Line Width
Roughness may overestimate the correlation length; the measured correlation length depends on the AFM
tip radius. Taking into account this finding we found that model predictions approach further the experi-
mental results.

Fig. 3. (a) SEM image of resist sidewall where the anisotropy vertical to the line is shown. Normalized rms after lithography,
trimming and pattern transfer resulted from simulation when (b) the anisotropy is not taken into account and when (c) aniso-

tropy is taken into account. (d) The difference of measured with real correlation length versus the tip radius as predicted by
the model of AFM measurement.

A3 Contact Edge Roughness (CER) metrology
V.-K. Murugesan Kuppuswamy, V. Constantoudis

With the continuous scaling down of the dimensions of lithographic structures, the roughness on their sur-
faces becomes an increasing fraction of their size and starts to affect their physicochemical properties. Up
to now, the majority of related works have been focused on the sidewall roughness of lines (Line Edge Ro-
ughness (LER)) which has been a great concern in semiconductor industry. However, lithographic featu-
res are not only lines but also holes used for the opening of contacts and vias or shapes with more
complicated geometry. We have focused on the metrology and evaluation of the roughness of contact
holes (called Contact Hole or Edge Roughness, CHR/CER) which has recently attracted more attention due
to its impact on circuit performance. In particular:

a) We developed software (CERDEMO) for the detection and characterization of CER from top down SEM
images (Fig. 4) with emphasis on the frequency and spatial aspects of CER.

(a) (b) (c) (d)
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Fig. 4. Schematic flow diagram of CER evaluation methodology as implemented in software ”CERDEMO” which has been
developed by our group. It starts with top-down SEM images and outputs CER and dimensional parameters and functions
taking into account the circular form of contact edges and its implications. (see http://imel.demokritos.gr/software.shtml )

b) We developed a code (CERMODEL) for the generation of model contact edges and images resempling
the real SEM ones. We applied this model to show that the decrease of hole dimensions (CD) leads ine-
vitably to decrease in rms value and increase of CD nonuniformity (rms – CD variation effect). 

c) We applied CERDEMO software in the analysis of real EUV resist contact holes (nominal CD=50nm)
and found that local process variations have stronger contribution to the uncertainty of CD and CER pa-
rameters than image magnification and noise smoothing with the latter having the smallest impact. Fur-
thermore we estimated the impact of dose on CER and found that, contrary to LER, the reduction of dose
leads to lower rms values. Given the change of CD caused by dose variations the role of the effect rms-
CDvariation (see (b) above) has been investigated.

B. Microfluidic and Microarray Fabrication for Life Sciences (see also project III.3)

B1 Affinity chromatographic separations of phosphopeptides 
K. Tsougeni, P. Zerefos, A. Tserepi, A. Vlahou, S. D. Garbis, E. Gogolides

We fabricated a TiO2-ZrO2 Affinity Chromatography micro-column on 2 mm PMMA plates, and demon-
strated the enrichment and separation a) of a standard mono- and tetra-phosphopeptide, and b) of pho-
sphopeptides contained in a tryptic digest of β-Casein. The chromatography column consisted of 32
parallel microchannels with common input and output ports and was fabricated by lithography directly on
the polymeric substrate followed by plasma etching (i.e. standard MEMS processing) and sealed with lam-
ination. The liquid deposited TiO2-ZrO2 stationary phase was characterized by X-Ray diffraction and was
found to be mostly TiO2 and ZrO2 in crystalline phases. Off-chip UV detection and MALDI MS identifica-
tion of the separated effluents were used. The chip connected to detection setup is shown in Fig. 5(a). The
chip had a capacity of > 1.4 μg (0.7 nmol) of a prototype mono-phosphopeptide and a recovery of 94 ±
3 %, and can be used with small samples (less than 0.1μL depending on the syringe pump used) (Fig.
5(b)). 
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B2 Nanoscale protein patterning on oxidized Si substrates using colloidal lithography and plasma 
processing
A. Malainou, K. Ellinas, P. Petrou, S. Kakambakos, E. Gogolides, A. Tserepi

Selective immobilization of proteins in well-defined patterns on substrate surfaces has recently attracted
considerable attention as an enabling technology for applications ranging from basic research to biosen-
sors and bioMEMS. Sub-micron protein patterning based on photolithography is reaching its limits, while
dip-pen and e-beam lithography as serial processes lack scalability. We demonstrate a low-cost and high
throughput process for nanoscale protein patterning on oxidized Si substrates based on colloidal lithog-
raphy and plasma processing to define the spots (< 300 nm) where proteins are selectively adsorbed. A
close-packed monolayer of PS microparticles is deposited on oxidized Si substrates and is used as etch-
ing mask to define SiO2 spots (on Si), which after plasma-induced chemical modification are appropriate
for selective protein immobilization. The immobilized proteins are detected by means of confocal and
atomic force microscopy. Such nanoscale immobilized proteins can be successfully integrated into Bio-
MEMS and microanalytical systems.

B3 Miniaturized microfluidic device for DNA amplification with integrated microheaters on flexi-
ble polyimide substrate: fabrication and simulation 
E. Mavraki, D. Moschou, G. Kokkoris, I. Kouris, S. Chatzandroulis, A. Tserepi

A low cost microfluidic device with integrated microheaters is fabricated on a thin flexible polymeric sub-
strate, in order to perform DNA amplification on chip at faster amplification rates, due to the reduced ther-
mal capacity and large heat transfer rate between the sample and the temperature-controlled heating zones.
We demonstrate a continuous-flow PCR microfluidic device, fabricated on double-sided Cu-clad polyimide
(Pyralux®), using PCB-based technology and plasma etching. Each microheater defines one of the three
temperature zones through which the DNA sample is cycled for 25 times as it flows continuously through
the microchannel. The fabricated device is fully characterized structurally, electrically and thermally. Elec-
trical measurements confirm the functionality of the microheaters both as temperature sensors and ther-
mal elements. Heat transfer and fluid dynamics computations are also performed to ascertain the device

Fig. 5. (a) Experimental Setup for affinity chromatography experiments on chip using UV absorbance detection. (b) Study of
microcolumn capacity (area of eluted peak) and recovery for prototype mono-phosphopeptide. Symbols represent peak-

areas of the eluted peptide using the same column for 9 times.

(a) (b)

Fig. 6. Confocal Microscopy fluorescence image after se-
lective protein immobilization on SiO2 (red spots) and re-
action with AF-546 labeled streptavidin.
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B4 Fabrication of PDMS microchannels by plasma etching: elimination of roughness on etched sur-
faces
M.–E. Vlachopoulou, E. Gogolides, A. Tserepi

In previous years, SF6 plasma etching of PDMS in a high-density plasma reactor with alumina walls has been
explored as a route, alternative to soft lithography, for the fabrication of microfluidic devices made of PDMS.
Simultaneously, control of etched surface properties (chemistry and topography) has been achieved, through
proper tuning of plasma processing conditions or using wet etching. This year, PDMS etching experiments
were performed in a reactor with a quartz dome (recently installed at IMEL), resulting in a significantly redu-
ced surface roughness, due to elimination of alumina from the reactor dome. Exploring also the effect of the
mask material on plasma-induced roughness, the SU-8 resist was used as etching mask layer deposited ei-
ther on top of an aluminum mask or directly on PDMS. In the latter case, thorough elimination of bottom na-
noroughness was achieved as shown in Fig. 9. This can be implemented in the case that smooth PDMS
microchannels are desired.

C. Plasma Nanoscience and Applications in wetting control

C1 Controlling roughness: From etching to nanotexturing and plasma directed organization on or-
ganic and inorganic materials 
E. Gogolides, D. Kontziampasis, A. Tserepi and others

We unveiled how plasma-wall interactions in etching plasmas lead to either random roughening / nano-
texturing of polymeric and Silicon surfaces, or formation of organized nanostructures on such surfaces.
We conducted carefully designed experiments of plasma-wall interactions to understand the causes of both
phenomena, and presented Monte-Carlo simulation results confirming the experiments. We discussed
emerging applications in wetting and optical property control, protein adsorption, microfluidics and lab-on-
a-chip fabrication and modification, and cost-effective silicon mold fabrication. We proposed new plasma
reactor designs for the future to take advantage of the observed phenomena for new micro and nanoma-

Fig. 7. Part of the microfluidic on top side of the 
flexible PI substrate.

Fig. 8. Temperature profile (obtained from simulation)
on the microheater plane (bottom side of substrate)
compared to that on middle microchannel plane.

Fig. 9. SEM image of a cross-section of PDMS microchannels etched for 45
min in a quartz dome reactor. As etching mask, SU-8 was used directly on
PDMS. The inset shows negligible bottom roughness
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nufacturing processes

C2 Superhydrophobic surfaces for Immersion Lithography
E. Gogolides, A. K. Gnanappa, M. Riepen, F. Evangelista

The dynamic contact line behavior of water on nanotextured rough hydrophobic and superhydrophobic
surfaces was studied and contrasted to smooth hydrophobic surfaces for application in immersion litho-
graphy. Liquid loss occurs at the receding meniscus when the smooth substrate is accelerated beyond a
critical velocity of approximately 1 m/s. Nanotexturing the surface with average roughness values even
below 10 nm results in critical velocity larger than 2.5 m/s, the upper limit of our apparatus. This unex-
pected increase in critical velocity is observed for both sticky hydrophobic and slippery superhydropho-
bic surfaces. We attribute this large increase in critical velocity both in increased receding contact angle
and in increased slip length for such nanotextured surfaces.

C3 Superamphiphobic surfaces using colloidal lithography and plasma etching
K. Ellinas, E. Gogolides, A. Tserepi

Ordered, hierarchical (triple-scale), superhydrophobic, oleophobic, superoleophobic, and amphiphilic
surfaces on Poly(methyl methacrylate) PMMA polymer substrates were fabricated using Polystyrene (PS)
microparticle colloidal lithography, followed by Oxygen plasma etching-nanotexturing (for amphiphilic
surfaces) and optional subsequent fluorocarbon plasma deposition (for amphiphobic surfaces). The PS

Fig. 12. Dynamic rece-
ding contact angle as a
function of wafer velo-
city for a) smooth hy-
drophobic surface b)

superhydrophobic sur-
face

Fig. 11. Plasma directed organization on PMMA film in O2 plasma and the role of reactor walls. AFM images (2x2μm) are
shown. Typical etch rates are 600 nm/min, while nanodot formation is observed only at certain wall conditions. (a) Wall
condition 1 (Alumina, Anodized Al, Helicon) (rms=6.5nm, etch time 40s). Nanodot formation is evident. (b) Wall condi-

tion 2 (Polymer, Polymer, Helicon) (rms=0.3nm, etch time 40s). No nanodots are observed. (c) Wall condition 3 (Polymer,
Anodized Al, Helicon) (rms=0.4nm, etch time 40s). No nanodots are observed. 

Fig. 10. Plasma nanotex-
turing of PMMA in O2
and the role of reactor
walls. (a) Schematic of
the MET Helicon reactor
showing the positions of
painting with photoresist
polymer the walls in
order to reduce wall ma-
terial sputtering. (b)

PMMA film etched for 2min in a reactor with an Alumina dielectric cylinder. The SEM image shows the morphology of a po-
lymer film and the roughness formed. (c) PMMA film etched for 2min in a quartz dielectric cylinder. 
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colloidal microparticles were assembled by spin-coating. After etching / nanotexturing, the PMMA plates
are amphiphilic and exhibited hierarchical (triple-scale) roughness with microscale ordered columns, and
dual-scale (hundred nano/ ten nano meter) nanoscale texture on the particles (top of the column) and on
the etched PMMA surface. The spacing, diameter, height, and reentrant profile of the microcolumns were
controlled with the etching process. Following the design requirements for superamphiphobic surfaces,
we demonstrated enhancement of both hydrophobicity and oleophobicity as a result of hierarchical (tri-
ple-scale) and re-entrant topography. After fluorocarbon film deposition we demonstrated superhydro-
phobic surfaces (contact angle for water 1680, compared to 1100 for a flat surface), as well as
superoleophobic surfaces (1530 for diiodomethane, compared to 800 for a flat surface).

C4 Nanoscale silicon etching 
A. Smyrnakis, E. Gogolides, A. Tserepi

The fabrication of a wide range of micro- and nano-scale devices requires patterning of silicon and de-
mands the formation of ever-smaller features and higher aspect ratios. We developed a cryogenic high-den-
sity plasma etching process for silicon that uses processing temperatures below -100 °C and a gas mixture
of SF6/O2, and excels in its high selectivity over resist and polymeric mask and its very high aspect ratio ca-
pability. This anisotropic process was optimized in the micro- and nanoscale leading to the formation of high
aspect ratio (>18:1) silicon pillars with smooth controllable profiles. For the patterning, “mesh-assisted”
colloidal lithography was employed, as a self-assembly cost-effective process alternative to optical litho-
graphy. Before the pattern transfer to silicon, an isotropic oxygen plasma etching step is used to reduce the
polystyrene colloidal particle diameter offering full control of the pillar diameter. These silicon nanopillars
can find possible application for silicon solar cells or as molds for nanoimprint lithography.

D. Plasma etching, plasma assisted, and chemical vapour deposition simulation

D1 Simulation of plasma roughening 
G. Kokkoris, V. Constantoudis, E. Gogolides

The potential of plasma etching to produce periodicity on surfaces is investigated with a stochastic mo-
deling framework for morphology evolution. The framework handles gas transport in the rarified regime

Fig. 13. Supermphiphobic and superamphiphilic surfa-
ces produced on PMMA. Water drops roll on the first
and spread on the second. Inserts are SEM images top
view (left) and cross section (right) of the topography.

Fig. 14. (a) Polystyrene colloidal particles after the isotropic shrinking; (b) Si pillars (diameter 200nm) fabricated by the
cryogenic etching process, following pattern transfer from colloidal lithography mask.
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with Monte Carlo method and uses a cellular representation of the etched surface. Generally, three types
of particles, i.e. ions, reactive neutral species causing etching, and depositing particles (etch-inhibitors),
are considered to abstractively approximate the complex plasma environment; their interaction with the
substrate defines the surface roughness. The periodicity on the surfaces is identified by the peak in the
power spectral density (PSD) of the surface height. It is found that the mechanisms of a) ion reflection,
which leads to formation of holes (Fig. 15), and b) simultaneous to ion-induced etching deposition of
etch-inhibitors, which results to formation of dots (Fig. 16), can induce periodicity on the etched surface.

D2 Multiscale modeling of chemical vapour deposition processes – G. Kokkoris

The size of the devices shrinks to lower scales and the specifications of the deposited films (thickness, con-
formality, surface morphology) refer to properties in micro- or nano-scale. More advanced, compared to
conventional single scale, multiscale modeling methods are needed for studying the phenomena in the co-
existing (multiple length) scales during the filling of a micro- or submicro-trench in a chemical vapor de-
position (CVD) reactor. A multiscale modeling framework is used to link the operating parameters of the
CVD reactor with the film profile evolution inside trenches on a wafer with predefined topography (an
array of micro-trenches). The framework couples a reactor scale model (RSM), used for the description
of the macro-scale in the reactor bulk, with a feature scale model (FSM), used for the description of the
film profile evolution of the micro-scale features (e.g. trenches or holes) on the wafer (Fig. 17a). The co-
upling is performed through the local (along the wafer) correction of the surface reactions kinetics taking
into account the micro-topography on the wafer without including it in the computational domain of the
RSM. The consumption of species on the wafer depends on the deposition instant (Fig. 17b) as the micro-
topography on the wafer changes versus time due to the film deposition; the available for deposition area

Fig. 17. (a) The schematic of the coupling methodology. (b) Tungsten (W) deposition from Tungsten hexafluoride (WF6) and
Hydrogen is the case studied. The consumption of WF6 along the wafer for different time instances. (c) W film profile evo-

lution at the same position on the wafer under different trenches-surface-density (8 and 2 trenches per 32 μm).

Fig. 15. (a) Periodic holes on the surface under the mecha-
nism of ion reflection. (b) PSD indicating the periodicity.

Fig. 16. (a) Periodic dots on the surface under the simultane-
ous to ion-driven etching deposition. (b) PSD indicating the

periodicity.
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changes as the trenches are filling. The density (number) of trenches on the wafer affects the film depo-
sition (Fig. 17c) due to loading effects, i.e. the depletion of reactants due to their increased consumption
in the micro-topography on the wafer surface.

E. Acquisition and Installation of new Equipment and Infrastructure for plasma processing and Lab
on Chip assembly and characterization

During the past year, a second Helicon Plasma etching system was aquired as a loan from Centre Interu-
niversitaire de MicroElectronique et Nanotechnologies (CIME Nanotech) in France with the kind inter-
vention of Dr Pascal Normand. The new system was installed in the plasma laboratory of IMEL. There are
now two identical systems for plasma processing, one dedicated to Silicon MEMS etching using the Bosch
process and in fluorocarbon polymer deposition, and another dedicated to Oxygen and Sulfure Hexa-
fluoride chemistires for polymer processing for polymeric MEMS, microfluidics, and Lab on Chip fabrica-
tion. Both systems are capable of cryogenic etching as well as heating up to 60 C, and are equiped with
in-situ spectroscopic ellipsometry.

In addition, this past year, characterization equipment for microfluidics and Lab on Chip was bought. The
equipment consists of miniaturized pumps and valves for pumping tiny liquid amounts (labsmith com-
pany), and a UV-spectrophotometer with optical fibers and CCD detection (θ-metrisis company) for opti-
cal absorption or fluorescence characterization of chromatographic effluents from microchannels. This
device has been used for affinity chromatography of phosphopeptides. 

Due to the installation of the MET system, the facility for Lab on Chip assembly had to be moved in a new
laboratory which was also inaugurated this year. The lab includes a hot press for thermal bonding or em-
bossing, equipment for hole drilling, sawing, as well as a small chemical hood for cleaning.

Fig. 18. (a) Photograph of the plasma laboratory with the two
MET helicon plasma etchers from Adixen.

Fig. 18. (b) Photograph of the microfluidics / lab-on-chip
characterization equipment (micropumps from labsmith

and UV spectrophotometer from θ-metrisis)

Fig. 19. Photographs from the Lab on Chip assembly laboratory
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PROJECT OUTPUT IN 2010

Publications in International Journals and Reviews

Microfluidics – Microarrays – Lab-on-a-Chip for Life Sciences

1. “"Smart" polymeric microfluidics fabricated by plasma processing: Controlled wetting, capillary filling and hydro-
phobic valving”, Tsougeni, K., Papageorgiou, D., Tserepi, A., Gogolides, E., (2010) Lab on a Chip - Miniaturisation
for Chemistry and Biology, 10 (4), pp. 462-469.

2. “Plasma nanotextured PMMA surfaces for protein arrays: Increased protein binding and enhanced detection sen-
sitivity”, Tsougeni, K., Tserepi, A., Constantoudis, V., Gogolides, E., Petrou, P.S., Kakabakos, S.E., (2010) Langmuir,
26 (17), pp. 13883-13891.

3. “Protein arrays on high-surface-area plasma-nanotextured poly(dimethylsiloxane)-coated glass slides”, M-E. Vla-
chopoulou, A. Tserepi, P.S. Petrou, E. Gogolides, S.E. Kakabakos, (2010) Colloids and Surfaces B: Biointerfaces,
DOI:10.1016/j.colsurfb.2010.11.031

4. “Study of flow and pressure field in microchannels with various cross-section areas”, Petropoulos, A., Kaltsas, G.,
Randjelovic, D., Gogolides, E., (2010) Microelectronic Engineering, 87 (5-8), pp. 827-829.

Plasma Nanoscience for wetting control and Plasma Simulation

5. “Stable superhydrophobic surfaces induced by dual-scale topography on SU-8”, Marquez-Velasco, J., Vlachopo-
ulou, M.-E., Tserepi, A., Gogolides, E., (2010) Microelectronic Engineering, 87 (5-8), pp. 782-785.

6.“Micro and nano structuring and texturing of polymers using plasma processes: Potential manufacturing applica-
tions”, Gogolides, E., Vlachopoulou, M., Tsougeni, K., Vourdas, N., Tserepi, A., (2010) International Journal of Na-
nomanufacturing, 6 (1-4), pp. 152-163.

7. “Plasma directed assembly and organization: Bottom-up nanopatterning using top-down technology”, Vourdas, N.,
Kontziampasis, D., Kokkoris, G., Constantoudis, V., Goodyear, A., Tserepi, A., Cooke, M., Gogolides, E., (2010)
Nanotechnology, 21 (8), art. no. 085302.

Lithography and Line Edge Roughness

8. “Optimized surface silylation of chemically amplified epoxidized photoresists for micromachining applications”,
Kontziampasis, D., Beltsios, K., Tegou, E., Argitis, P., Gogolides, E., (2010) Journal of Applied Polymer Science, 117
(4), pp. 2189-2195.

9. “Stochastic modeling and simulation of photoresist surface and line-edge roughness evolution”, Patsis, G.P., Dry-
giannakis, D., Constantoudis, V., Raptis, I., Gogolides, E., (2010) European Polymer Journal, 46 (10), pp. 1988-
1999.

10. “Effects of resist sidewall morphology on line-edge roughness reduction and transfer during etching: is the resist
sidewall after development isotropic or anisotropic?”, Constantoudis, V., Kokkoris, G., Gogolides, E., Pargon, E.,
Martin, M., (2010) J. Micro/Nanolith. MEMS MOEMS Vol. 9, 041209

11. “Evolution of resist roughness during development: Stochastic simulation and dynamic scaling analysis”, Con-
stantoudis, V., Patsis, G.P., Gogolides, E., (2010) J. Micro/Nanolith. MEMS MOEMS Vol. 9, 041207

12. “Detailed resist film modeling in stochastic lithography simulation for line-edge roughness quantification”, Pa-
tsis, G.P., Drygiannakis, D., Raptis, I., (2010) Microelectronic Engineering 87 (5-8), pp. 989-992.

13. “Simulation of shot noise effect on CD and LER of electron-beam lithography in 32 nm designs”, Patsis, G.P., Tsi-
krikas, N., Drygiannakis, D., Raptis, I., (2010) Microelectronic Engineering 87 (5-8), pp. 1575-1578.

CVD Process modelling

14. “Multiscale modeling in chemical vapor deposition processes: Coupling reactor scale with feature scale compu-
tations”, Cheimarios, N., Kokkoris, G., Boudouvis, A.G., (2010) Chemical Engineering Science, 65 (17), pp. 5018-
5028

Other Collaborative Work

15. “Entropy analysis of natural language written texts”, Papadimitriou, C., Karamanos, K., Diakonos, F.K., Constan-
toudis, V., Papageorgiou, H., (2010) Physica A: Statistical Mechanics and its Applications, 389 (16), pp. 3260-
3266.

International Conference Proceedings 

Lithography and Line Edge Roughness

1. “Is the resist sidewall after development isotropic or anisotropic? Effects of resist sidewall morphology on LER re-
duction and transfer during etching (oral)”, Vassilios Constantoudis, George Kokkoris, Evangelos Gogolides, Erwine
Pargon, Mickael Martin, Proceedings of SPIE -Advanced Lithography, San Jose, California, USA, 21-25 February
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2010, 7639-34, art. no. 76392T, (2010)

2. “Evolution of resist roughness during development: stochastic simulation and dynamic scaling analysis (poster)”,
Vassilios Constantoudis, George P. Patsis, Evangelos Gogolides, Proceedings of SPIE -Advanced Lithography, San
Jose, California, USA, 21-25 February 2010, 7639-105, art. no. 76392H, (2010)

3. “Line-edge roughness effects on transistor performance: the role of the gate-width design (poster)”, Vassilios Con-
stantoudis, George P. Patsis, Evangelos Gogolides, Proceedings of SPIE -Advanced Lithography, San Jose, Califor-
nia, USA, 21-25 February 2010, 7641-41, art. no., (2010)

4. “Line Width Roughness effects on device performance: The role of the gate width design”, Constantoudis, V., Go-
golides, E., Patsis, G.P., (2010) Proceedings of SPIE - The International Society for Optical Engineering, 7641, art.
no. 764116.

5. “Line Width Roughness effects on device performance: The role of the gate width design”, Constantoudis, V., Go-
golides, E., Patsis, G.P., (2010) 2010 27th International Conference on Microelectronics, MIEL 2010 - Proceedings,
art. no. 5490486, pp. 265-268.

6. “Evolution of resist roughness during development: Stochastic simulation and dynamic scaling analysis”, Con-
stantoudis, V., Patsis, G.P., Gogolides, E., (2010) 27th International Conference on Microelectronics, MIEL 2010
- Proceedings, art. no. 5490483, pp. 269-272.

CVD Process modelling

7. “A Computational Framework for Multiscale Modeling in Chemical Vapor Deposition Processes (oral)”, N. Chei-
marios, G. Kokkoris, A. G. Boudouvis, Proceedings of 5th European Conference on Computational Fluid Dynamics,
ECCOMAS CFD 2010, Lisbon, Portugal, June 14-17, 2010.

8. “An efficient parallel fixed point iteration method for multiscale analysis of chemical vapor deposition processes
(oral)”, N. Cheimarios, G. Kokkoris, A. G. Boudouvis, Proceedings of Conference in Numerical Analysis (NumAn
2010) , Chania,  Greece, September 15-18, 2010.

International Conference Presentations

Microfluidics – Microarrays – Lab-on-a-Chip for Life Sciences

1. “Micro-fabricated TiO2-ZrO2 Affinity Chromatography Micro-Columns on Polymeric or Silicon Substrates for Ph-
osphopeptide Analysis (oral)”, K. Tsougeni, G. Boulousis, T. Roumeliotis, K. Zorpas, T. Speliotis, A. Botsialas, I. Ra-
ptis,  A. Tserepi, S.D. Garbis, E. Gogolides, Lab-on-a-Chip European Congress, 25-26 May 2010, Dublin, Ireland

2. “Protein Patterning Through Selective Plasma-induced Modification of Silicon Oxide and Glass Substrates (oral)”,
A. Tserepi, A. Malainou, E. Gogolides, P. S. Petrou, S. E. Kakabakos, Advances in Microarray Technology, 25-26
May 2010, Dublin, Ireland

3. “Multifunctional, “Smart”, Polymeric Microfluidics Fabricated by Plasma Processing: Applications in Capillary Fil-
ling and Passive Superhydrophobic Valving (poster)”, K. Tsougeni, D. Papageorgiou, A. Tserepi, E. Gogolides, Lab-
on-a-Chip European Congress, Dublin, Ireland, May 24-25 2010

4. “Protein and DNA Patterning on Plasma-modified Polymeric Surfaces for Bioanalytical Applications (poster)”, K.
Tsougeni, M.-E. Vlachopoulou, P. Petrou, S. Kakabakos, A. Tserepi, E. Gogolides, “Advances in MicroarrayTech-
nologies”, Dublin, Ireland, May 24-25 2010

5. “Micro-fabricated TiO2-ZrO2 Affinity Chromatography Micro Columns on Poly(methyl methacrylate) (PMMA)
substrates for Phosphopeptide Analysis (oral)”, K. Tsougeni, E. Gogolides, 36th International Conference on Micro
& Nano Engineering, GENOA (Italy), 19-22 September 2010

6. “High-density patterning of proteins on substrates for applications in lab-on -a chip devices and microarrays (po-
ster)”, A. Malainou, A. Tserepi, P. Petrou, S. Kakabakos, E. Gogolides, 36th International Conference on Micro &
Nano Engineering, GENOA (Italy), 19-22 September 2010

7. “Submicrometer protein patterning using colloidal lithography and plasma processing (poster)”, A.Malainou, K.El-
linas, P.S. Petrou, S.E. Kakabakos, E.Gogolides, S. Pagakis, A. Tserepi, 4th International Conference on Micro-Na-
noelectronics, Nanotechnologies & MEMs, NCSR Demokritos, Athens, 12 – 15 December 2010

8. “Continuous-flow polymeric microfluidic device with integrated microheaters for on-chip DNA amplification (po-
ster)”, E. Mavraki, D. Moschou, S. Chatzandroulis, A. Tserepi, 4th International Conference on Micro-Nanoelec-
tronics, Nanotechnologies & MEMs, NCSR Demokritos, Athens, 12 – 15 December 2010

9. “Designing a continuous flow microfluidic device for polymerase chain reaction (PCR) (poster)”, I. Kouris, G. Kok-
koris, A. Tserepi, 4th International Conference on Micro-Nanoelectronics, Nanotechnologies & MEMs, NCSR De-
mokritos, Athens, 12 – 15 December 2010

Plasma Nanoscience for wetting control and Plasma Simulation
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10. “Mechanisms inducing periodic holes or dots on plasma etched surfaces (oral)”, G. Kokkoris, V. Constantoudis,
E. Gogolides, 3rd workshop on Plasma Etch and Strip in Microelectronics (PESM 2010), 4-5 March 2010, Gre-
noble, France

11. “Plasma Directed Assembly and Organization: Bottom-up Nanopatterning Using a Top-down Technology”, D.
Kontziampasis, N. Vourdas, G. Kokkoris, V. Constantoudis, A. Goodyear, A. Tserepi, M. Cooke, E. Gogolides, 3rd
workshop on Plasma Etch and Strip in Microelectronics (PESM 2010), 4-5 March 2010, Grenoble, France

12. “Plasma Directed Assembly and Organization: Effect of Plasma Processing Conditions on Order and Nanodot Di-
mensions (poster)”, D. Kontziampasis, G. Kokkoris, V. Constantoudis, A. Smyrnakis, A. Zeniou, E. Gogolides, The
54th International Conference on Electron, Ion and Photon Beam technology and Nanofabrication (EIPBN), An-
chorage, Alaska, June 1-4,2010

13. ““Mesh-assisted” colloidal lithography and plasma etching: A route to large-area, uniform, ordered nano-pillar
production on versatile substrates (poster)”, K. Ellinas, A. Malainou, A. Zeniou, A. Tserepi, E. Gogolides, 36th In-
ternational Conference on Micro & Nano Engineering, GENOA (Italy), 19-22 September 2010

14. “Amphiphobic, Plasma Nanotextured Polymer Surfaces (poster)”, A. K. Gnanappa, K. Ellinas, A. Tserepi, E. Go-
golides, 36th International Conference on Micro & Nano Engineering, GENOA (Italy), 19-22 September 2010

15. “Superhydrophobic Surfaces for Water Immersion Lithography (poster)”, A. K. Gnanappa, E. Gogolides, F. Evan-
gelista, M. Riepen, 36th International Conference on Micro & Nano Engineering, GENOA (Italy), 19-22 Septem-
ber 2010

16. “Plasma Directed Assembly and Organization: Formation of polymeric nanodots and silicon nanopillars (oral)”,
A. Smyrnakis, D. Kontziampasis, A. Zeniou, A. Tserepi, E. Gogolides, 63rd Gaseous Electronics Conference & 7th
International Conference on Reactive Plasmas, October 4-8, 2010, Paris, France

17. “Controlling roughness - from etching to nanotexturing and plasma directed organization on organic and inor-
ganic material (oral - invited)”, E. Gogolides, iPlasmaNano-II Conference, Second International Symposium on Pla-
sma Nanoscience, 12 – 15 December 2010, Murramarang Resort, South Coast, New South Wales, Australia
(INVITED)

18. “Contact Line Dynamics of a Superhydrophobic Surface: Application for Immersion Lithography (oral)”, A.K. Gna-
nappa, E. Gogolides, F. Evangelista, M. Riepen, 2nd European Conference on Microfluidics (MicroFlu'10), De-
cember 08-10, 2010, Toulouse, France

19. “Fabrication of Micro and Nano Textured Superamphiphobic Surfaces (oral)”, K. Ellinas, A. Kumar Gnanappa, A.
Tserepi, E. Gogolides, 4th International Conference on Micro-Nanoelectronics, Nanotechnologies & MEMs, NCSR
Demokritos, Athens, 12 – 15 December 2010

20. “Bridging micro- with macro-scale in chemical vapor deposition processes (poster)”, N. Cheimarios, S. Garne-
lis, G. Kokkoris, A. G. Boudouvis, 4th International Conference on Micro-Nanoelectronics, Nanotechnologies &
MEMs, NCSR Demokritos, Athens, 12 – 15 December 2010

21. “Plasma Directed Assembly and Organization: Materials effect and pattern transfer (poster)”, D. Kontziampasis,
A. Smyrnakis, G. Kokkoris, V. Constantoudis, A. Zeniou, E. Gogolides, 7th International Conference on Nano-
sciences & Nanotechnologies (NN10) 11-14 July 2010, Ouranoupolis Halkidiki, Greece

22. “Mechanical Characteristics of Plasma-induced Nano-Roughness and Nano-Texture on PMMA and other Polymers
(poster)”, A. Kumar, D. Kontziampasis, A. Tserepi, E. Gogolides, A. Skarmoutsou, C.A. Charitidis, 7th Internatio-
nal Conference on Nanosciences & Nanotechnologies (NN10) 11-14 July 2010, Ouranoupolis Halkidiki, Greece

Lithography and Line Edge Roughness

23. “The Line Edge roughness (LER) problem: From Lithography-to Plasma Etching-to Device Operation (oral invited)”,
E. Gogolides, V. Constantoudis, G. Kokkoris, 3rd workshop on Plasma Etch and Strip in Microelectronics (PESM
2010), 4-5 March 2010, Grenoble, France

24. “Line Width Roughness Effects on Device Performance: The Role of the Gate Width Design (oral)”, V. Constan-
toudis, E. Gogolides, G. Patsis, (2010) IEEE 27th International Conference on Microelectronics - MIEL 2010, 16-
19 May 2010, Nis, Serbia

25. “Evolution of Resist Roughness During Development: Stochastic Simulation and Dynamic Scaling Analysis (oral)”,
V. Constantoudis, G. Patsis, E. Gogolides, (2010) IEEE 27th International Conference on Microelectronics - MIEL
2010, 16-19 May 2010, Nis, Serbia

26. “Contact Edge Roughness: Characterization and Modeling (poster)”, Vijaya-Kumar M.K., V. Constantoudis, E.
Gogolides, 36th International Conference on Micro & Nano Engineering, GENOA (Italy), 19-22 September 2010

27. “Fractal geometry in nanofabricated structures: The key role of roughness (oral)”, V. Constantoudis, G. P. Patsis,
E. Gogolides, 4th International Conference on Micro-Nanoelectronics, Nanotechnologies & MEMs, NCSR De-
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mokritos, Athens, 12 – 15 December 2010

28. “Measurement and Characterization of Contact Hole Roughness: Frequency and Spatial Analysis (poster)”, Vijaya
Kumar Murugesan Kuppuswamy, V. Constantoudis, E. Gogolides, 4th International Conference on Micro-Nano-
electronics, Nanotechnologies & MEMs, NCSR Demokritos, Athens, 12 – 15 December 2010

CVD Process modelling

29. “Multiscale modeling of deposition processes (oral-invited)”, A. G. Boudouvis, N. Cheimarios, G. Kokkoris,  6th
Chemical Engineering Conference for Collaborative Research in Eastern Mediterranean Countries, EMCC-6, Belek,
Antalya, Turkey, March 7-12, 2010.

30. “A Computational Framework for Multiscale Modeling in Chemical Vapor Deposition Processes (oral)”, N. Ch-
eimarios, G. Kokkoris, A. G. Boudouvis, 5th European Conference on Computational Fluid Dynamics, ECCO-
MAS CFD 2010, Lisbon, Portugal, June 14-17, 2010.

31. “An efficient parallel fixed point iteration method for multiscale analysis of chemical vapor deposition processes
(oral)”, N. Cheimarios, G. Kokkoris, A. G. Boudouvis, Conference in Numerical Analysis (NumAn 2010) , Cha-
nia,  Greece, September 15-18, 2010.

Greek Conference Presentation   

1. “Micro-fabricated TiO2-ZrO2 affinity chromatography chip on poly(methyl methacrylate) (PMMA) substrates for
phosphopeptide analysis”, K. Tsougeni, P. Zerefos, A. Tserepi, A. Vlahou, S. Garbis, E. Gogolides, 7th Aegean Ana-
lytical Chemistry Days (AACD2010), Mytilene, Lesvos, 29 September - 03 October 2010

2. “Plasma nanotextured amphiphobic polymer surfaces (poster)”, A. K. Gnanappa, K. Ellinas, A. Tserepi, E. Gogoli-
des, 8ο Hellenic Polymer Society Symposium (H-POL8), 24-29 October 2010, Hersonissos, Crete, Greece    

Conference Participation

• MNE 2010 - 36th International Conference on Micro & Nano Engineering

• SPIE 2010

• MIEL 2010 - 27th International Conference on Microelectronics

• PESM - Plasma Etch and Strip in Microelectronics 3rd International Workshop 2010

• Lab-on-a-Chip European Congress 2010

• Advances in Microarray Technology 2010

• EIPBN 2010 - 54th International Conference on Electron, Ion and Photon Beam technology and Nanofabrication

• 63rd Gaseous Electronics Conference 2010 & 7th International Conference on Reactive Plasmas 2010

• iPlasmaNano-II Conference, Second International Symposium on Plasma Nanoscience 2010

• MicroFlu 2010 - 2nd European Conference on Microfluidics

• 4th International Conference on Micro-Nanoelectronics, Nanotechnologies & MEMs

• ACD 2010 - 7th Aegean Analytical Chemistry Days

• H-POL8 2010 – 8th Hellenic Polymer Society Symposium

• NumAn 2010 - Conference in Numerical Analysis

• ECCOMAS CFD 2010 - 5th European Conference on Computational Fluid Dynamics

• EMCC-6 - Conference for Collaborative Research in Eastern Mediterranean Countries

Ph. D. Thesis  

“Micro- and nano- texturing of polymers for the fabrication of microanalytic devices”

Katerina Tsougeni, Chemist, MSc, PhD,

National and Kapodistrian University of Athens, Chemistry Department

Thesis advisor-supervisor: Evangelos Gogolides. 

Thesis supervisor at the Unversity of Athens: Prof. E. Iatrou

M. Sc. Thesis

“Cryogenic Etching Process for Silicon Micro and Nanostructures”

Athanasios Smyrnakis, School of Applied Mathematical and Physical Sciences (NTUA), MSc

Masters Programme in Microsystems & Nanodevices, National Technical University of Athens
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Thesis Advisor-Supervisor: Evangelos Gogolides

Seminars – invited talks

• “Controlling roughness - from etching to nanotexturing and plasma directed organization on organic and inorga-
nic material (oral - invited)”, E. Gogolides, iPlasmaNano-II Conference, Second International Symposium on Pla-
sma Nanoscience, 12 – 15 December 2010, Murramarang Resort, South Coast, New South Wales, Australia

• “Multiscale modeling of deposition processes (oral-invited)”, A. G. Boudouvis, N. Cheimarios, G. Kokkoris,  6th
Chemical Engineering Conference for Collaborative Research in Eastern Mediterranean Countries, EMCC-6, Belek,
Antalya, Turkey, March 7-12, 2010

Courses

• During the advanced summer school “Methods in Micro-Nano Technology and Nanobiotechnology”, September
13-17, 2010 we tought the following lectures and lab:  “Principles of nanotechnology and nanobiotechnology” (E.
Gogolides), “Microfabrication technologies for plastic analytical microfluidics” (A. Tserepi), “Conventional patter-
ning schemes for hard substrates for bioanalytic microdevices” (E. Gogolides), “Fabrication of microfluidic devi-
ces on plastic substrates by Soft lithography and deep polymer plasma etching” (A. Tserepi, M.-E. Vlachopoulou,
K. Tsougeni, A. Zeniou). See video on Nano2Life Site: http://n2lvip.tau.ac.il/ Demokritos Summer School

• “Microelectronics and Microsystems fabrication processes”, (E. Gogolides, D. Davazoglou, A. Nassiopoulou), Po-
stgraduate Programs on Microsystems and Nanodevices of the National Technical University of Athens and Micro
and Nano Electronics of the National and Kapodistrian University of Athens

• “Plasma Processing for Micro and Nano Fabrication”, (E. Gogolides, G. Kokkoris, V. Constantoudis, A. Tserepi), Po-
stgraduate Program on Microelectronics of the National and Kapodistrian University of Athens

• “Microfluidic systems”, (D. Mathioulakis, I. Anagnostopoulos, A. Tserepi), Postgraduate Program on Microsystems
and Nanodevices of the National Technical University of Athens

• "Simulation of Micro and Nano-Patterning”, (E. Gogolides, G. Kokkoris, V. Constantoudis, A. Tserepi), Postgra-
duate Program on Mathematical Modelling in Modern Technologies and Financial Engineering of the National Te-
chnical University of Athens

• “Fractal geometry and its applications in microelectronics”, (V. Constantoudis), Demokritos Summer School, 05-
16 July 2010

• “Process and device simulation” (G. Kokkoris), Postgraduate Program on Microelectronics of the National and Ka-
podistrian University of Athens

Organization of Schools

• 6th Summer School “Methods in Micro-Nano Technology and Nanobiotechnology”, co-sponsored by the PEOPLE-
ITN-237962 project CYCLON (http://www.itn-cyclon.eu). http://imel.demokritos.gr/SummerSchool2010/index.htm
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Project: Ι. 3: FRONT-END PROCESSES FOR MICRO- AND 
NANODEVICES

Project Leader: C. Tsamis

Key Researchers: V. Ioannou–Sougleridis, P. Dimitrakis, D. Tsoukalas, C. Tsamis

External Collaborators: D. Skarlatos (Univ. of Patras), C. Krontiras (Univ. of Patras), R. Georga (Univ. of
Patras), C. Galiotis (FORTH/ICE-HT), Ph. Komninou (Univ. of Thessaloniki), B. Kellerman (MEMC, USA),
M. Seacrist (MEMC, USA)

Objectives

- Study of dopant diffusion/activation and point/extended defect kinetics in Group-IV semiconductors  (Si-
licon, Strained Silicon, Germanium) for CMOS applications

- Thermal processes for ultra-thin gate dielectrics (oxides, oxynitrides) in Group-IV semiconductors for
CMOS applications

- Process optimization for Nanodevices (Fabrication, Electrical Characterization)

- Continuum and atomistic simulation of processes and devices

Research activities and main results within 2010

Task I: Influence of thermal oxidation on the interfacial properties of ultrathin strained silicon layers*
N. Kelaidis, V. Ioannou-Sougleridis, P. Dimitrakis and C. Tsamis

*In collaboration with Physics Dept., Univ. of Patras (D.Skarlatos , C. Krontiras, R. Georga),  Physics Dept.,
Univ. of Thessaloniki ( Ph. Komninou), FORTH/ICE-HT (C. Galiotis, J. Parthenios) and  MEMC Electronic
Materials Inc.( B. Kellerman, M. Seacrist)

The formation of a reliable dielectric layer on strain-Si substrates is a key point in achieving enhanced de-
vice performance, taking advantage of the beneficial effect of strain to carrier mobility. Therefore, the
study of the oxidation of strained Silicon is a necessary step in understanding the physical phenomena in-
volved in dielectric formation and electrical performance of the MOS device, as well as the limitations in
s-Si processing. Additionally, the well-established method of nitridation of SiO2, was extended to strained-
Silicon substrates in order to address a number of phenomena related with reliability problems when per-
forming standard oxidation on s-Si. 

During this year we examined the influence of thermal oxidation on the electrical characteristics of ultra-
thin strained silicon layers grown on relaxed Si0.78Ge0.22 substrates under moderate to high thermal bud-
get conditions in N2O ambient at 800oC. The strained-Si / relaxed SixGe1-x heterostructure substrate used
is schematically shown in Fig. 1. Epitaxial p-type silicon layer, with resistivity 1 Ωcm and thickness 2.75
μm, was grown on top of a 5 mΩcm p++ boron doped wafer, followed by a graded SixGe1-x layer in which
the Ge content increases linearly from 0 to 22 %. On top of the graded SixGe1-x a constant composition
Si0.78Ge0.22 layer and a s-Si layer 13 nm thick, were grown successively. The SixGe1-x and the s-Si layers were
not intentionally doped with boron. However, a residual doping in the low range of 1014 cm-3 is expected
due to the deposited system auto-doping effects. Figure 2 shows a bright field cross-section HRTEM image
from the as-grown sample along the [110] axis. The image indicates the good quality of the epitaxial s-Si
layer of 13 nm thickness. 

Figure 3 and 4 are typical electrical characteristics of the samples. The experimental results of the oxida-
tion of ultra-thin s-Si layers on relaxed SiGe virtual substrates, under moderate to high thermal budget con-
ditions indicate the following:

a) The interface trap density increases with the oxidation time, as long as the s-Si layer remains between
the growing thermal oxide and the underlying SiGe substrate. 

b) The density of interface traps across the bandgap, as extracted from the high-low C-V method, indica-
tes a rather featureless and constant Dit profile within the energy range Ev+0.35 to Ev +0.6 eV. Below
Ev+0.35 eV the Dit show a rapid decrease, while the increase above Ev+0.6 eV is attributed to genera-
tion effects. 



Institute of M
icroelectronics – Annual R

eport 2010

37

c) The analysis of the Gp/ω-f characteristics as a function of temperature indicates that the energy loca-
tion of the interfacial traps lies within the energy range of Ev+0.37 to Ev+0.4 eV.. 

d) The conductance analysis revealed very clearly that generation effects dominate the capacitor behavi-
our at the weak inversion and depletion regions which in turn impose restrictions to the extraction of
a correct interface density profile. Detailed analysis can be found in reference [2].

.

For more information please contact Dr. V. Ioannou–Sougleridis (e-mail: v.ioannou@imel.demokritos.gr)

Task II: Gallium diffusion in Germanium*
N. Ioannou, V. Assimakopoulos and C. Tsamis 

*In collaboration with Physics Dept., Univ. of Patras (D.Skarlatos, C. Krontiras, R. Georga) and Physics Dept.,
Univ. of Thessaloniki (N. Z. Vouroutzis)

During this year we continued our investigation on the diffusion of  Ga in Ge substrates, for high as well
low implantation doses, using furnace annealing in the temperature range 550-650oC and for times up to
240min. Moreover, following previous studies, the possible influence of Ge surface passivation on Ga dif-
fusion was also investigated. Figure 5 shows Ga  ToF-SIMS  profiles in the case of low dose Ga implanta-
tion and annealing for samples covered with SiO2. The maximum concentration of the as-implanted profile
is Cp= 6.3x1018 cm-3 at a projected range Rp ~56 nm. Representative TEM image of the as-implanted sub-
strate is shown as an inset. The amorphous layer extends to 108 nm from the surface. We observe also
the absence of a honeycomb subsurface structure reported in the literature  for  the case of high dose im-
plants of heavy ions in Ge. No significant Ga diffusion has been observed at 550oC. Negligible diffusion
has been observed also at 600oC. By increasing the temperature at 650oC a trend of Ga diffusion (in par-
ticular out-diffusion towards the SiO2/Ge interface) is clearly observed, which leads to a change of the pro-
file shape and height in the near - peak (now Cp ≈5x1018 cm-3) region. Selected SIMS measurements have
been performed also in samples covered with 100 nm Si3N4. The overall picture remained the same. This

Figure 3. Evolution of the conductance vs. frequency charac-
teristics with temperature at the depletion region of samples

S2A.. The characteristics were assumed to arise from two
different loss mechanisms, and they were deconvoluted into

two Gaussian contributions. 

Figure 4. Conductance-Voltage characteristics of all oxidized
samples recorded at 344 K. It is evident that the increase of
the oxidation time creates significant amounts of bulk traps

which dominate the G-V at the highest temperatures

Figure 1. Schematic dia-
gram indicating the orde-
ring of the several layers
of the strained-silicon

structure.

Figure 2. Cross-sectional
HRTEM image showing

the as-grown S2R sample
along the [110] zone

axis. The 13 nm thick s-
Si layer is visible while

the s-Si/SiGe interface is
indicated by the white

line.
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means that the change of the capping layer did not affect, in any way, the point defect kinetics in the sub-
strate and consequently the dopant diffusion under the present experimental conditions. 

Simulations were performed using Synopsys Sentaurus process simulator. A constant diffusivity model has
been used in order to simulate the diffusion of the tail regions of the profiles, keeping the high concen-
tration regions immobile in order to represent the possible clustering phenomenon. The best fitting of the
tail regions has been obtained using a diffusivity value of   1x10-16 cm2s-1 for 550 and 600oC and a value
of 3x10-16cm2s-1 for 650oC. A surprisingly high Ga diffusivity has been estimated at 550oC, which is equal
to the corresponding at 600oC. This could have its origin to the small differences between the corre-
sponding profiles, which are below the SIMS resolution limit. However a possible physical origin, being
under investigation, cannot be excluded. Figure 6 shows the diffusivity values obtained at 600 and 650oC
compared to literature data. The obtained values are in good agreement with previously reported results
taking into account the different experimental methodologies used.

For more information please contact Dr. C. Tsamis (e-mail: ctsamis@imel.demokritos.gr)

Task III: Arsenic and Phosphorus diffusion in Germanium*
A. Florakis, P. Tsouroutas and D. Tsoukalas

*In collaboration with SEMFE/NTUA (A. Papadimitriou, E. Verrelli).

We have performed arsenic and phosphorus diffusion experiments and activation related phenomena in
co-doped germanium substrates utilizing conventional thermal annealing. Chemical profiles were obtai-
ned by Secondary Ion Mass Spectroscopy (SIMS), sheet resistance was estimated by the Van der Pauw me-
thod. Our study covers the temperature range from 600 to 750oC.  We accurately described the dopant
profiles with a quadratic dependence of the dopants diffusion coefficient on the free electron concentra-
tion. In our simulations we considered the dopant pile-up near the surface and dopant loss owing to out-
diffusion during the annealing. Although the double donor co-doping technique exhibited no advantage
over mono-doping with P concerning the level of activation and junction depth, it was interesting to ob-
serve the different diffusion behavior of the two dopants. Whereas the diffusion of As indicates a retar-
dation under co-doping the diffusion of P remains either unaffected or is slightly enhanced by co-doping.
The activation level of the co-doped samples remains lower compared to the respective mono-doped
samples, except for the highest annealing temperature. 

Laser Annealing for diffusionless dopant activation in Silicon using nanosecond to millisecond pulses

A. Implementation of Plasma Doping and nanosecond laser annealing in the non-melt regime has shown
to hold great promise for the realization of Ultra Shallow Junctions, designed for the sub 45nm node. This
work includes extensive simulation of these two emerging techniques using the Synopsys Sentaurus Pro-
cess software tool, in direct comparison with experimental data for each step involved in the process.
Analytical calculations were performed in order to investigate the interaction of the KrF Excimer laser an-
nealing and silicon regarding the temperature gradients induced into silicon and the boron diffusion ki-
netics. On the other hand, analytically obtained surface temperature profiles of each annealing condition,
were used as input to KMC calculations of the boron diffusion and activation behaviour. Simulation pre-

Figure 5.  Ga  profiles in  Ge, after low dose – high energy
implantation and  annealing at 550-650oC. A TEM image

of the as-implanted sample is also shown as inset.

Figure 6. Ga diffusion coefficients obtained at 600oC and
650oC in the case of 150KeV, 1x1015 cm-2 implantation.
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dictions, in accordance with SIMS measurements revealed very limited dopant profile movement (maxi-
mum 2.5nm), combined with high levels of electrical activation close to the maximum theoretically pre-
dicted ones. As the results obtained by calculations are in consistency with the experimental, it is evident
that the combination of both analytical and Kinetic Monte Carlo tools, allows for sufficient physical un-
derstanding of the underlying mechanisms for these advanced process steps.

B. We investigate CO2 laser annealing at millisecond time scale for the fabrication of Ultra Shallow Junc-
tions, able to fulfill the requirements imposed for sub-45nm CMOS nodes. Silicon samples doped with
Boron using BF3 plasma implantation technique at low energy (0.4 and 0.6keV) were used to ensure ultra
shallow as implanted boron concentration profiles. Our aim is to achieve high electrical activation level
of the dopant, while maintaining the Boron concentration profile as immobile as possible. Samples have
been irradiated at a variety of annealing conditions regarding the duration of the irradiation and the power
density; however, in every case the peak surface temperature was kept in the 1150-12500C. Sheet resi-
stance measurements indicate significant enhancement in the activation levels, while chemical characte-
rization by means of SIMS, shows very limited movement of the dopant concentration profile, especially
for short pulse duration conditions. 

For more information please contact Dr. D. Tsoukalas (e-mail: dtsouk@imel.demokritos.gr)

PROJECT OUTPUT IN 2010

Publications in International Journals and Reviews

1. “Gallium Implantation and Diffusion in Crystalline Germanium”, N. Ioannou, D. Skarlatos, N. Z. Vouroutzis, S. N.
Georga, C. A. Krontiras and C. Tsamis, Electrochemical and Solid-State Letters, 13 (3) H70-H72

2. “Influence of thermal oxidation on the interfacial properties of ultrathin strained silicon layers”, Ioannou-Sougle-
ridis V, Kelaidis N, Skarlato, D. Tsamis C, Georga S.N., Krontiras, C.A., Komninou Ph., Speliotis Th., Dimitrakis P.,
Kellerman, B., Seacrist, M., To appear in Thin Solid Films

3. “Experiments and simulation on diffusion and activation of codoped with arsenic and phosphorous germanium”,
Author(s): Tsouroutas P, Tsoukalas D, Bracht H, J. of Appl. Phys.   Volume: 108   Issue: 2 Article Number: 024903
Published: JUL 15 2010

4. “Formation of silicon ultra shallow junction by non-melt excimer laser treatment “,Florakis A,, Papadimitriou A, Ch-
atzipanagiotis N, et al., SOLID-STATE ELECTRONICS   Volume: 54   Issue: 9   Pages: 903-908   Published: SEP 2010

5. “Non-melting annealing of silicon by CO2 laser”, Florakis A, Verrelli E, Giubertoni D, et al.

Source: Thin Solid Films   Volume: 518   Issue: 9   Special Issue: Sp. Iss. SI   Pages: 2551-2554  Published: FEB 26
2010
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Project: Ι. 4: THIN FILMS by CHEMICAL VAPOR DEPOSITION
(CVD)

Project leader: D. Davazoglou

Ph.D. students: I. Kostis

TEI, student: T. Domvoglou 

Collaborating scientists: Dr. G. Papadimitropoulos, Dr. M. Vasilopoulou, Dr. N. Vourdas

Objectives:

The objectives of this group include research and development in the following: 

a) Process and material development 

b) Characterization of CVD-ALD films

c) Solar cells-measurements

MAIN RESULTS IN 2010

A. Hot-Wire Deposited Films
I. Kostis – G. Papadimitropoulos

An atomic layer deposition (ALD) system was designed and developed equipped with a hot wire (HW-ALD)
permitting the separate heating of the gas phase.

Except of “classical” depositions, heating of the wire only at a pressure of the order of 0,1-1 Torr, under
certain N2 or under H2 deposits composed of stoichiometric or sub-stoichiometric oxides of the metallic
wire are obtained. More precisely, a native oxide is grown on the surface of every wire. If the vapor pres-
sure of this oxide is higher than that of the metal at a specific temperature, heating the wire produces a
vapor of oxides which is deposited on a cold substrate. W and Mo wires were used and films with com-
position described by the formula MOx (where M: W or Mo and x=3 for stoichiometric and x<3 for sub
stoichiometric) were deposited.

The above films were used in organic light emitting diodes (OLEDs) and organic photovoltaic devices (see
Project I 1, Functional molecular materials for lithography and organic-molecular electronics). 

B. Measurements of Silicon Solar Cells and PV panels
T. Domvoglou

An installation has started to be mounted on top of the building of the Institute of Microelectronics for the
measurement of solar cells and panels under real conditions (field testing). The installation is equipped
with pyranometers, for the measurement of the total solar energy and thermometers (Fig. 2(a)). All data
are collected with a data logger (Fig. 2(b)). 

Fig.1. Photo of the HWALD system that was developed. The reactor and various electronic sub-systems are shown left
while on the right a part of the gas line.
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During the first year of the test field calibration measurements were made. Typical results are shown in
Fig. 3 (a) where the measurements of a CP6 pyranometer are compared with those of a reference instru-
ment (CP21). 

One of the first panels installed at the test field of IMEL was an advanced, concentration type panel pro-
vided by DAIDO Steel Co (Fig. 4). Efficiencies of the order of 35 % were measured on this panel, which,
were obtained under precision of the sun-tracking system of 0,1 degrees.

Fig. 2 (a, left) a pyranometer and a thermometer installed in the field testing facility of IMEL. (b, right) a data logger is used
to collect data having enough memory to store data from 8 inputs every 5 min for 8 months. 

Fig. 3. (a, left) Irradiated energy as measured by a CP6 and a reference, CP21, pyranometers for one day (5/5/2010). The
agreement between the two measurements is very good. (b, right) air temperature data for the same day.

Fig. 4. (a, left) a concentration panel supplied by DAIDO Co with its tracking system under test at IMEL. (b, right) Typical I-
V characteristic taken from this panel under dark.
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PROJECT OUTPUT IN 2010

Publications in International Journals and Reviews

1. “Optical Modeling of Hybrid Polymer Solar Cells Using a Transmission-Line Model and Comparison With Experi-
mental Results”, Stathopoulos, N.A., Palilis, L.C., Savaidis, S.P., Yesayan, S.R., Vasilopoulou, M., Papadimitropou-
los, G., Davazoglou, D., Argitis, P., IEEE Journal on Selected Topics in Quantum Electronics Vol. 16, 1784 (2010)

2. “Nanostructured metal oxides as cathode interfacial layers for hybrid-polymer electronic devices”. M. Vasilopou-
lou, L. C. Palilis, D. G. Georgiadou, P. Argitis, I.  Kostis, G. Papadimitropoulos, Ν. Α. Stathopoulos, A. A. Iliadis, N.
Konofaos and D. Davazoglou, Advances in Science and Technology Vol. 75 (2010) pp 74-78
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PROJECTS II.1 : NANOSTRUCTURES FOR NANOELECTRONICS, 
PHOTONICS AND SENSORS

Project leader:  A. G. Nassiopoulou

Other key researchers: N. Papanikolaou, S. Gardelis

Post-doctoral researchers: M. Hourdakis, V. Gianneta

Phd students: P. Manoussiadis, P. Sarafis (from 1-9-2010), I. Leontis (from 1-9-2010)

Others: E. Michelakaki (MSc), H. Katsogridakis (diploma thesis), M. Karmpadaki (project administration)

Funding:

- EU IST I3 ANNA, 1/12/2006 – 28/2/2011, Contract No: 026134

- FP7-IST-NoE NANOSIL, 1/1/2008-1/3/2011 - Contract No: 216171

- EU FP7 ENIAC JU Project SE2A, 1/1/2009-31/12/2011- Contract No 120009

- EU FP7 Network of Excellence NANOFUNCTION, 1/9/2010-1/9/2013 - Contract No 257375

- EU FP7 Coordination and Support Action NANO-TEC, 1/9/2010-18/2/2013 - Contract No 257964

- EU FP7 FET-Open TAILPHOX (N. Papanikolaou) 1/5/2009-31/4/2012 Contract No: 233883

Research orientation:

a) Si nanowires and nanodots fabrication, properties and applications 

The activity on semiconductor nanostructures started within this research group at the early nineties. It
has been conducted within different EU projects, and worldwide pioneering results include the following:
Development of a fabrication technique of light emitting silicon nanowires using the top-down approach
(1985), development of light emitting devices based on Si nanowires (1998), development of the growth
and investigation of the properties of single and multiple two-dimensional arrays of Si nanocrystals (NCs)
with controllable size, embedded in SiO2 and development of Si NC memories.

Currently, the group focuses on the following activities:

- Two-dimensional arrays of Si nanocrystals embedded in SiO2 for solar cell applications: Investigation of
their electrical and optical properties

- SiNWs by metal-assisted chemical etching: synthesis, characterization and applications

b) Porous Si membranes

The group has important expertise and know-how, as well as different proprietary processes in the field
of porous Si membranes. Existing processes include the fabrication of thick porous Si membranes locally
on the Si substrate, porous Si free standing close-type membranes over cavity fabricated in a single elec-
trochemical process and porous Si cantilevers and suspended membranes fabricated by electrochemi-
stry. The porous material is composed of either randomly distributed pores or straight vertical pores.
Applications developed within the group include thermal sensors, nanocooling devices and RF passive
devices integrated on Si. Porous Si membranes are used as substrate for thermal or RF isolation from the
Si substrate. 

c) Porous anodic alumina on Si

Porous anodic alumina thin films on Si with highly ordered hexagonally arranged pores are fabricated by
electrochemistry and used either as template for growing nanowires and other nanostructures within the
pores or as masking material for Si nanopatterning. Porous anodic alumina is also used as a high-k die-
lectric material in memory devices and in metal-oxide-metal (MIM) capacitors. 

d) High performance on-chip RF passives and memory devices using novel materials and technologies
Key results in 2010 within this activity are as follows:

• High performance RF and mm-wave transmission lines were fabricated on porous Si membranes. Po-
rous Si provides excellent shielding to the lossy Si substrate. It is thus possible to fabricate on-chip
passive devices on the Si wafer that show similar comparable characteristics with the best off-chip cor-
responding devices. Co-planar waveguides were fabricated and tested at frequencies up to 110GHz.



• Novel high performance MIM capacitors using porous alumina dielectric and exhibiting large capaci-
tance density and low leakage current were also demonstrated.

• Charge trapping memory devices using porous anodic alumina dielectric on a thin anodic SiO2 layer,
both fabricated in a single electrochemical step, were also demonstrated and their charging proper-
ties investigated. 

• Metal-insulator semiconductor (MIS) capacitors using silicon oxinitride (SiON) dielectric were also in-
vestigated by electrical measurements.

e)  Plasmonics and Metamaterials 

Metallic nanostructures can focus light in subwavelength volumes, creating local resonances. Such struc-
tures have many interesting applications in chemical and biological sensing, as well as imaging. Periodi-
city is also exploited to design materials with effectively magnetic behavior even in the visible spectrum.
The design of metamaterials that could eventually show negative refraction is an active field of research
with many potential applications in nanotechnology. 

f) Dual photonic-phononic spectral gap material 

The project is about developing new materials that can simultaneously tailor both optical and elastic waves.
Such structures could be used for a new generation, reduced footprint, acousto-optic devices and active
control of light with sound in submicron structures. This is an EU-funded European collaboration with
other theoretical and experimental groups 

SELECTED RESEARCH RESULTS IN 2010

a. Lateral electrical transport, optical properties and photocurrent measurements of 2D arrays of
Si NCs embedded in SiO2 — P. Manousiadis, S. Gardelis and A. G. Nassiopoulou

We investigated the lateral electronic transport, optical and photo-electric properties of two-dimensional
(2D) arrays of oxidized silicon nanocrystals (Si NCs) of different sizes grown on quartz by low pressure
chemical vapor deposition (LPCVD) and subsequent thermal oxidation. The films contained Si NCs with
controlled sizes ranging from less than 2 nm up to 12 nm. The Si NCs within the films were separated with
grain boundaries or silicon dioxide tunnel barriers. The electrical measurements showed that current in
the films is mainly determined at low temperatures by tunneling, whereas at high temperatures by ther-
mionic emission over the barriers. Charge traps at the interfaces of the Si NCs with the oxide or the grain
boundaries caused considerable hysteresis in the current-voltage characteristics. Hydrogen passivation of
the charge traps reduced the hysteresis effect and the activation energy of the thermionic emission, wh-
ereas the current-voltage characteristic after hydrogen passivation showed a superlinear shape, resulting
from the collective effect of the Si NCs involved in the transport which were separated by tunnel barriers
and had Coulomb gaps due to their small sizes. Activation energy corresponding to tunneling through
the oxide tunnel barriers between the Si NCs was correlated with the charging energy of the Si NCs wi-
thin the layers, i.e., the energy needed by the carriers to overcome the Coulomb gaps of the Si NCs in the
current path.

Absorption measurements showed a clear increase of Si NC energy bandgap with decreasing NC size due
to quantum confinement. Also, higher absorption than bulk Si was observed in the visible and ultraviolet
regions. Photocurrent and absorption spectra showed similar dependency on energy, confirming that ph-
otocurrent was due to carriers generated in the Si NCs within the films, when energy of illumination be-
came higher than the energy bandgap of the Si NCs.

Light emission at room temperature was observed only in the film containing Si NCs smaller than 3nm.
This film showed no measurable photocurrent. This effect was due to the strong localization of the photo-
generated carriers within the Si NCs of these sizes which favored radiative recombination of the carriers
and excluded photocurrent.
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b. Si nanowires by metal-assisted chemical etching 
V. Gianneta, H. Katsogridakis and A. G. Nassiopoulou

Si nanowires (SiNWs) are synthesized by the single-step metal-assisted chemical etching (MACE) techni-
que in AgNO3/HF aqueous chemical solution. The obtained SiNWs are of high crystalline quality, since they
result from etching of the crystalline Si skeleton. The nanowire length is monitored by changing the im-
mersion time of samples in the solution. SiNWs with length ranging from few μm up to several tens of μm
can be obtained.

We investigated in detail the growth rate of NWs as a function of temperature (in the range of 20-50οC)
and found that it increases monotonically with temperature. An example of cross sectional scanning elec-
tron microscopy (SEM) images at three different temperatures are given n fig. b1. In fig. b2 we see a top
view of the sample surface, which reveals that long SiNWs form bundles, attracted by capillary forces. 

We also investigated the surface morphology of the SiNWs and found that it depends on their length.
Short NWs are very smooth, while longer ones show a nanoporosity all along their surface.
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Fig. b1 SEM images of Si nanowires formed via MACE techni-
que at three different temperatures (a) 22, (b) 30 and (c)

50oC. The etch rate of Si and thus the final nanowire length is
achieved for the higher temperature of the three used.

Fig. b2 SEM images of a plane view of (a) shorter~8μm and
(b) longer~18μm Si nanowires. We observed that in all

cases the nanowires form bundles.  

Fig. a1  (a) Schematic of the film and the two-terminal electrical measurements. Schematic of the energy band diagram of
the films under bias. (b) Current-voltage (I-V) characteristics before and after hydrogen passivation.

Fig. a2 (a) Upshift of the absorption edge with decreasing Si NC size. (b) Comparison between calculated and experimental
results

(a)
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This work was presented in Fourth International Conference on Micro-electronics, Nanotechnologies and
MEMs which took place in Athens on 12-15 December 2010. 

c.   Photoluminescence–induced oscillations in porous anodic aluminum oxide grown on Si. A me-
thod to estimate porosityI. 
Leontis, A. G. Nassiopoulou and S. Gardelis

Porous anodic alumina (PAA) films grown directly on Si substrates show oscillations in their photolumi-
nescence (PL) spectra. These oscillations are ascribed to PL-induced interferences within the Farby-Pérot
optical cavity formed by the PAA film on Si, that involve the air/oxide and oxide/Si interfaces. The exi-
stence of the PL oscillations is indicative of the high quality of the interface of the PAA film with Si, which
is both planar and smooth. Using these PL-induced oscillations we can develop a sensitive optical method
of measuring the porosity of the PAA film if the film thickness is known. This method is based on the cal-
culations of the effective refractive index of the PAA film derived from the PL-induced oscillations. This
value of the estimated refractive index is introduced into the Bruggeman equation to derive the film po-
rosity.  

(a) (b) (c)

Fig. c1 Plane view  (a) and cross sectional (b) Scanning Electron Microscopy (SEM)  images of 1μm thin film of porous ano-
dic alumina obtained by two-step anodic oxidation of an Al film on Si in 0.5M sulfuric acid aqueous solution. (c) Schema-

tic representation of the interference between emitted light λ and λ΄ in a PAA film of thickness L. The dot represents a
luminescence center excited by the laser wavelength λlaser.

References: 

“Photoluminescence-induced oscillations in porous anodic aluminum anodic oxide films grown on Si:Ef-
fect of the interface and porosity”, S.Gardelis, A.G. Nassiopoulou, V. Gianneta, M. Theodoropoulou, Jo-
urnal of Applied Physics 107, 113104 (2010)

“PL-induced ascollations from porous anodic alumina on Si”, MSc thesis of I. Leontis, carried out at IMEL
under the supervision of A. G. Nassiopoulou and defended at the University of Thessaloniki, 21 March
2011

Fig. c2 (a) A comparison of PL-induced oscillations from a PAA film on Al substrate (dotted line) and on Si (continuous
line). (b) Linear dependence of the optical length, nL on L for the as-grown PAA films and for the same films after pore wi-

dening. The slope of the linear fits is the effective refractive index, neff , of the PAA films.
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,d. Si microplate technology for on-chip local RF isolation
E. Hourdakis, P. Sarafis and A. G. Nassiopoulou

In collaboration with the group of Ph. Ferrari (IMEP-Minatec, Grenoble, France)

Co-planar wave (CPW) transmission lines were fabricated on porous Si microplates electrochemically de-
veloped on low loss substrates. The substrates used were p+ Si wafers of resistivity 0.001-0.005 Ωcm.
The thickness of the porous Si microplate was 150 μm. The CPW lines were designed to have 2 different
values of characteristic impedance, namely 50 and 145 Ω. The lines were characterized up to 40 GHz. De-
embedding techniques were used to extract the values of the characteristic impedance, the quality factor
and the attenuation constant. It was shown that attenuation lower than 0.3 dB/mm can be achieved at 40
GHz for both values of the characteristic impedance used. This value is several times better than com-
monly quoted values in the literature. Also a quality factor of 20 was demonstrated at 40 GHz. The expe-
rimental results were reproduced using simulations with the HFSS program. The CPW lines were then
tested up to a frequency of 110 GHz also producing results that are better than the state-of-the-art per-
formance of on-chip mm-wave passives.                     

e. Fabrication and characterization of high performance anodic alumina MIM capacitors
E. Hourdakis and A. G. Nassiopoulou

We fabricated and characterized Metal-Insulator-Metal (MIM) capacitors using as dielectric a thin porous
anodic alumina (Al2O3) layer between two Al films. The Al2O3/Al stack was grown electrochemically by
partly anodizing an Al film on Si, while a top Al film was then deposited on the aluminum oxide and pat-
terned in order to define the capacitor area. The obtained MIM capacitors exhibit at the same time large
capacitance density (above ~5 fF/μm2), low leakage current density (below ~10-9A/cm2 at 2V) and good
thermal stability of operation, demonstrated by an α coefficient that changes by less than 10% for tem-
perature changes of the order of 100K. The temperature stability was further demonstrated by the low le-
akage current density (below ~7x10-9A/cm2) even at temperatures as high as 420K. These characteristics
satisfy the ITRS requirements for MIM capacitors in the next years. Additional advantages of the demon-
strated capacitors is the simplicity of fabrication, that reduces the cost, and the fact that the entire fabri-
cation is CMOS compatible and room temperature which is very important since MIM capacitors are
back-end devices.

Fig. d1  Photography of the 50 Ω CPW transmission line
under test.

Fig. d2  Attenuation of the 50 Ω CPW transmission line
under test.
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Ref. E. Hourdakis and A.G. Nassiopoulou, IEEE Transactions on Electron Devices 57 (10), art. no. 5535075, pp. 2679-2683

(2010)

Also presented at: XXVI panhellenic conference on solid state physics and material science, Ioannina, Gre-
ece, September 26-29 2010

Using the same fabrication scheme as described above we fabricated and characterized MIM capacitors
using barrier-type anodic alumina (Al2O3) as the dielectric instead of the porous anodic alumina previ-
ously used. The obtained capacitors exhibited large capacitance density (above 7 fF/μm2) and very small
leakage current for a voltage range between -2 V and 2 V (below the background noise of our measure-
ment system). It was shown that there is a significant improvement in both the value of the capacitance den-
sity and the value of the non-linearity coefficient α compared to the porous alumina capacitors.

Ref. E. Hourdakis and A.G. Nassiopoulou, Microelectronics Engineering, in press (submitted in 2010)

Also presented at: Micro&Nano 2010 conference, Athens, Greece, December 12-15 2010

f. Fabrication and characterization of charge trapping MOS memory structure using anodic alumina
dielectric – E. Hourdakis and A. G. Nassiopoulou

A novel charge-trapping-type MOS memory structure using a high-k dielectric on a thin SiO2 layer, both
fabricated in a single electrochemical step, was demonstrated. The high-k dielectric was a porous anodic
aluminum oxide layer (Al2O3, PAA) that played the combined role of the charging medium and the con-
trol oxide. The tunnel oxide was an electrochemical SiO2 layer grown through the pores of the anodic alu-
mina layer. It was demonstrated that this simple MOS structure shows comparable memory characteristics
(charging/discharging, memory window and retention) with those of charge trapping type memories using
high-k dielectrics in a complicated gate dielectric stack, fabricated using expensive equipment. It could be
a solution towards a novel low cost charge trapping dielectric layer for memory devices.

Fig. e1 Variation of the capacitance as a function of frequency
for the MIM capacitor at zero bias. The inset shows the varia-
tion of both α and β coefficients as a function of frequency

(open squares represent α, solid ones represent β)

Fig. e2 Current density (J) as a function of applied voltage (V)
at different temperatures. The capacitor area was 300 μm
by 300 μm. The solid lines represent fits of the data at 300
K using the Schottky conduction mechanism, while the da-

shed lines fits using the direct tunneling mechanism.

Fig. e3 Capacitance density vs. frequency (f) for the barrier-
type (black line) and the porous (dashed line) anodic 

alumina MIM capacitors

Fig. e4  Non-linearity coefficient α vs. frequency (f) for the
barrier-type (open stars) and the porous (black 

squares) anodic alumina MIM capacitors.
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Ref. E. Hourdakis and A.G. Nassiopoulou, Microelectronics Engineering, in press (submitted in 2010)

g. Electrical properties of ultra thin SiON films
E. Hourdakis and A. G. Nassiopoulou

In collaboration with partners of the EU project ANNA – see reference below*

We combined electrical and structural characterization with analytical and spectroscopic measurements in
order to fully analyze oxynitride nanofilms that were produced in a mini batch type plasma nitridation re-
actor. We demonstrated that for the investigated samples the result of nitridation is different in the 2 nm
thick SiO2 films compared to the 5 nm thick films. In the first case, nitridation results in an increase in the
initial film thickness with a consequent decrease in leakage current and an increase in equivalent oxide th-
ickness (EOT), while in contrast, nitridation of the 5 nm thick SiO2 films leads to a reduction of both the le-
akage current and EOT. Finally, we demonstrated that the applied nitridation process results  in the desired
nitrogen profile with high nitrogen concentration near the top surface or the middle of the SiON film and
low nitrogen concentration  near the SiON/Si interface, that leads to a relatively low density of interface sta-
tes (~1011 states/cm2) for non-annealed films. 

Fig. f1 Schematic representation of the cross section of the
MIS memory structure with anodic dielectric (porous anodic
Al2O3 and undulated anodic SiO2 layer underneath). (b), (c)
Schematic representation of the write (b) and erase (c) me-

mory operations.

Fig. f2 Retention characteristics ΔVFB versus time) of the me-
mory structure after charging at  +20 V, 1s and  -15 V, 1s.

Fig. g1 Capacitance (C) -Voltage (V) measurements, (a), and Conductance (G) –Voltage (V) measurements, (b), in the high
frequency region for sample 03 (2 nm nominal thickness, 60 min plasma nitridation).

Fig. g2  Leakage current (I) –Voltage (V)
characteristics for all samples.
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* Ref. E. Hourdakis, A. G. Nassiopoulou, A. Parisini, M. A. Reading, J. A. van den Berg, L. Sygellou, S. Ladas, P. Petrik,

A. Nutsch, M. Wolf, and G. Roeder, J. Vac. Sci. Technol. B 29, 022201 (2011) (accepted  in 2010, published in 2011)

h. Plasmonic metamaterials
N. Papanikolaou, Ch. Tserkezis, G. Gantzounis, N. Stefanou

In the last years, increasing amount of attention has been directed toward the assembly of metal nanopar-
ticle building blocks into ordered structures for diverse applications that include, among others, (bio)sen-
sing and optoelectronic devices. In some cases structure determines the material properties, and the term
metamaterial is used.   Unlike metamaterials based on metallic nanorods, split-ring resonators, or cut-wire
pairs, which operate at a specific polarization mode of the electromagnetic (EM) field, metal–dielectric-
metal nanosandwiches, due to their cylindrical symmetry, offer the possibility for designing polarization-
insensitive metamaterials. Moreover the problem of assigning effective EM parameters to a heterogeneous
medium is an important issue and various homogenization methods have been proposed. Usually one im-
poses the scattered wave from a planar slab of the heterogeneous medium in the far-field zone, to be the
same with that scattered from a slab of a hypothetical homogeneous material. But this technique often
leads to nonphysical material parameters as a result of forcing a homogeneous material to reproduce exactly
the features of the wave field scattered by the actual heterogeneous medium. We used a homogenization
method based on systematic full-electrodynamic complex-band-structure calculations, and deduce the ef-
fective permittivity tensor of a uniaxial photonic crystal consisting of consecutive hexagonal arrays of ali-
gned metallic nanorods of finite length. The form of the obtained permittivity tensor over a relatively broad
low-frequency region, where homogenization is applicable, suggests the occurrence of unconventional re-
fractive behavior, namely, negative refraction and self-collimation. Moreover, in the frequency region where
negative refraction occurs, a finite slab of the crystal possesses eigenmodes that form flat bands outside the
light cone. These eigenmodes allow for transfer of the evanescent components of an incident wave field to
the other side of the slab, thus enabling subwavelength imaging.

i. Dual photonic-phononic spectral gap materials
N. Papanikolaou, E. Albanis, I. Psarobas, N. Stefanou

(In collaboration with European Project TAILPHOX partners)

Photonic crystals with submicron periodicity have band gaps in the visible and near infrared part of the
spectrum promising applications in optical sensors and telecommunications. Phononic crystals on the
other hand are mainly studied in more macroscopic length scales in the order of millimeter. Only very re-
cently, elastic composites with submicron periodicity were demonstrated with acoustic band gaps in the
gigahertz range.  Tailoring both acoustic and optical properties on the same system can lead to applica-
tions which require better control of  the acousto-optic interaction.  Phoxonic crystals having dual spec-
tral gaps for both photons and phonons could lead to promising applications. We have studied 3D
metallodielectric crystals, 2D perforated Si slabs and Si pillars on a silica slab but also 1D multilayer struc-
tures, and predicted simultaneous band gaps for both light and sound at different frequencies in all geo-
metries. Moreover by analyzing the acousto-optic interaction in 1D multilayers we demonstrate that the
simultaneous light and sound localization in a phoXonic cavity leads to enhanced acousto-optic interac-
tion and multiphonon emission-absorption processes.  

Schematic view of a layered metal/silica/ metal nanosadwich
metamaterial.

Arrays of metallic nanorods can be used for negative 
refraction and subwavength imaging.
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PROJECT OUTPUT IN 2010

Publications in International Journals and Reviews
1. "High-density MIM capacitors with porous anodic alumina dielectric", Hourdakis, E., Nassiopoulou, A.G, IEEE Tran-

sactions on Electron Devices 57 (10), art. no. 5535075, pp. 2679-2683 (2010)

2. "Photoluminescence-induced oscillations in porous anodic aluminum oxide films grown on Si: Effect of the inter-
face and porosity", Gardelis, S., Nassiopoulou, A.G., Gianneta, V., Theodoropoulou, M., Journal of Applied Physics
107 (11), art. no. 113104 (2010)

3. “Enhanced acousto-optic interactions in a one-dimensional phoxonic cavity”,  Psarobas, IE; Papanikolaou, N; Ste-
fanou, N; et al.  Phys. Rev. B, 82 (17): Art. No. 174303 (2010)

4. “Dual phononic and photonic band gaps in a periodic array of pillars deposited on a thin plate” El Hassouani, Y,
Pennec, CLY, El Boudouti, EH, H. Larabi, A. Akjouj, O. Bou Matar, V. Laude, N. Papanikolaou, A. Martinez, and B.
Djafari Rouhani Phys. Rev. B, 82 (15): Art. No. 155405 (2010)

5. “Effective optical parameters of thin-film and bulk metamaterials of metallodielectric nanosandwiches” Tserkezis,
C; Stefanou, N; Papanikolaou, N,  Opt. Commun., 283 (20): 4074-4077  (2010)

6. “Simultaneous existence of phononic and photonic band gaps in periodic crystal slabs” Pennec, Y; Rouhani, BD;
El Boudouti, EH; C. Li, Y. El-Hassouani, J. Vasseur, N. Papanikolaou, S. Benchabane, V. Laude, and A. Martinez, Opt.
Exp., 18 (13): 14301-14310 (2010)

7. “Absolute spectral gaps for infrared light and hypersound in three-dimensional metallodielectric phoxonic cry-
stals”, Papanikolaou, N; Psarobas, IE; Stefanou, N, Appl. Phys. Lett., 96 (23): Art. No. 231917 (2010)

8. “Extraordinary refractive properties of photonic crystals of metallic nanorods”, Tserkezis,   C; Stefanou, N; Papa-
nikolaou, N,  J. Opt.. Soc. Am. B, 27 (12): 2620-2626 (2010)

Publications in Conference Proceedings
1. "Comparative studies of single- and double-nanocrystal layer NVM structures: Charge accumulation and retention",

Turchanikov, V., Ievtukh, V., Nazarov, A., Lysenko, V., Theodoropoulou, M., Nassiopoulou, A.G., 2010 27th In-
ternational Conference on Microelectronics, MIEL 2010 - Proceedings, art. no. 5490524, pp. 103-104 (2010)

2. “Plasmonic nanostructures and optical metamaterials: Studies by the layer-multiple-scattering method”, Stefanou,
N; Papanikolaou, N; Tserkezis, C, Physica B-Cond. Mat., 405 (14): 2967-2971 (2010)

Presentations in international conferences - invited lectures
1. "Nanostructures on Si by Electrochemistry and their Applications", A. G. Nassiopoulou (invited talk),  Internatio-

nal Conference on Nanomaterials (ICN 2010), India, 27-29 April 2010

2. "Porous Si for Electronics and Sensors", A. G. Nassiopoulou (Tutorial), 7th International Conference on Porous Se-
miconductors Science and Technology – PSST 2010, Valencia, 14-19 March 2010

3. "On-chip heat sink devices using Copper-Filled Macroporous Si membranes and cavity underneath", F. Zachara-
tos and A. G. Nassiopoulou, 7th International Conference on Porous Semiconductors Science and Technology –
PSST 2010, Valencia, 14-19 March 2010

4. "Photoluminescence from silicon nanocrystal ensembles: effect of exciton migration and role of surface vibration
modes", A. G. Nassiopoulou (invited talk), VCIAN Conference on Interactions Among Nanostructures 2010, San-
torini, Greece, 21-25 June 2010

5. "Optimized porous Si RF microplate as a low-loss substrate for on-chip RF isolation", A. G. Nassiopoulou, F. Za-
charatos and H. Contopanagos, 7th International Conference on Porous Semiconductors Science and Technology
– PSST 2010, Valencia, 14-19 March 2010

6. "Colleration of light emission properties with exciton migration in silicon nanocrystal ensembles", S. Gardelis and

A silicon-silica multilayer phoXonic cavity that is predicted to enhance the acousto-optic interaction on resonance.
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A. G. Nassiopoulou, 7th International Conference on Porous Semiconductors Science and Technology – PSST
2010, Valencia, 14-19 March 2010

7. "European Nanoelectronics:  The  Initiatives and Networks of the Academic Community", A. G. Nassiopoulou, F.
Balestra (invited presentation), Sixth International Nanotechnology Conference on Communication and Coope-
ration, Grenoble, France, 17-20 May 2010

8. "Nanostructures on Si: Application in Electronics and Sensors", A. G. Nassiopoulou (Invited Lecture), University
of Cyprus, 16 February 2010

9. "Nanostructures on Si: Application in Electronics and Sensors", A. G. Nassiopoulou (Invited Lecture), Cyprus Univ.
of Technology , 17 February 2010

10. “Si nanocrystals for solar cell applications”, A. G. Nassiopoulou, Workshop: Analytical Trends and Needs for Na-
noelectronics, Berlin, November 8, 2010

11. "Electrodeposition of copper in mesoporous Silicon on p+ type wafer" (Poster Presentation), E. Michelakaki, Ma-
terials of the 7th International Conference - PSST 2010, Valencia, Spain 14-19 March 2010

12. “Si nanowires by metal assisted etching: Localization of the nanowires and study of the effect of surface pre-pat-
terning on their morphology”, V. Gianneta, H. Katsogridakis and A. Nassiopoulou, Fourth International Conference
on Micro-electronics, Nanotechnologies and MEMs Athens 12 – 15 December 2010 

13. “Hexagonally ordered nanofeatures on Si by nanopatterning through porous anodic alumina”, H. Katsogridakis,
V. Gianneta and A.G. Nassiopoulou, Fourth International Conference on Micro-electronics, Nanotechnologies
and MEMs Athens 12 – 15 December 2010 

14. “Lateral electronic transport, optical and photocurrent properties of 2D arrays of silicon nanocrystals in silicon
dioxide”, S. Gardelis, P. Manousiadis, and A.G. Nassiopoulou, 4th International Conference on Micro-Nanoe-
lectronics, Nanotechnologies & MEMs, NCSR Demokritos, Athens, 12 – 15 December 2010 

15. “Light modulation in phoxonic nanocavities”, N. Papanikolaou, I.E. Psarobas, N. Stefanou, B. Djafari-Rouhani, B.
Bonello, V. Laude. Micro and Nano Conference, Athens, December 2010. (Best oral presentation award) 

16. “Design of waveguides in silicon phoxonic crystal slabs”, V. Laude, S. Benchabane, Y. Pennec, B. Djafari Rouhani,
N. Papanikolaou, A. Martinez, Oral presentation at IEEE Ultrasonics, San Diego (U.S.A), October 2010

17. “Metallodielectric PhoXonic Nanostructures”, I. E. Psarobas, N. Papanikolaou, and N. Stefanou, O12 (procee-
dings p. 35) XXVI Panhellenic Conference on Solid State Physics & Materials Science, Ioannina (Greece), Se-
ptember 26-29, 2010.

18. “PhoXonic band gaps and waveguiding in nanostructured silicon slabs”, E. Almpanis, G. Gantzounis, N. Papani-
kolaou, and N. Stefanou, O13 (proceedings p. 37) XXVI Panhellenic Conference on Solid State Physics & Mate-
rials Science, Ioannina (Greece), September 26-29, 2010.

19. “Slow Phonons and Photons in Periodic Crystal Slabs and Strip Waveguides”, C. Li, Y. El Hassouani, Y. Pennec,
B. Djafari Rouhani, E.H. El Boudouti, N. Papanikolaou, S. Benchabane, V. Laude, J. M. Escalante, A. Martinez, po-
ster P06, Proceeding pp. 154, in 9th International Conference on Photonic and Electromagnetic Crystal Structu-
res (PECS-IX 2010), 26-30 September, Granada (Spain)

20. “Band Gaps and Waveguiding in Phoxonic Silicon Crystal Slabs.” Y. Pennec, B. Djafari Rouhani, E.H. El Boudo-
uti, C. Li, Y. El Hassouani, J.O. Vasseur, N. Papanikolaou, S. Benchabane, V. Laude, A. Martinez, Phonons 2010
in Taiwan, 19-23 April 2010.

21. “Multiple scattering calculations for photons and phonons in nanostructures”, G. Gantzounis, N. Papanikolaou,
N. Stefanou. Workshop on: "Nano-particles, nanostructures and near field omputation", Bremen, Germany, 11-
12 March 2010.

22. “Confined photons and phonons in nanopatterned silicon films.” N. Papanikolaou, E. Almpanis, and N. Stefanou.
Second Mediterranean Conference on Nano-Photonics, Medinano, Athens, Greece 26-27 Oct 2009.

23. “Collective plasmon modes and negative refraction in metallodielectric nanostructures”,C. Tserkezis, N. Stefanou,
and N. Papanikolaou, 4th Young Scientist Meeting on Metamaterials, Feb. (2010) Valencia, Spain, (Best paper
award).

Greek Conferences and Lectures
1. "Nanotechnology at the Service of the Society", A. G. Nassiopoulou, Invited lecture, Popular University of Athens,

June 2010

2. “High performance MIM capacitor for RF using anodic alumina dielectric”, E. Hourdakis, Micro&Nano2010 Con-
ference, Athens, Greece, December 12-15 2010

3. “Porous anodic alumina based MIM capacitors for RF applications”, E. Hourdakis and A. G. Nassiopoulou, XXVI
Panhellenic Conference on Solid State Physics and Material Science, Ioannina, Greece, September 26-29 2010
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4. “Growth and Properties of Porous Anodic Alumina Thin Films on Si”, V. Gianneta and A. G. Nassiopoulou, XXVI
Panhellenic Conference on Solid State Physics and Materials Science, Ioannina September 26 - 29 2010

5. “Exciton migration in light emitting silicon nanocrystal ensembles and its effect on light emission”, S. Gardelis and
A.G. Nassiopoulou, XXVI Panhellenic Conference on Solid State Physics and Materials Science, 26-29 September,
2010, University of Ioannina, Ioannina, Greece (oral presentation by S. Gardelis)

6. “Electronic transport in nanocrystalline silicon films: Observation of Coulomb blockade effects”, P. Manousiadis,
S.Gardelis and A.G. Nassiopoulou, XXVI Panhellenic Conference on Solid State Physics and Materials Science, 26-
29 September, 2010, University of Ioannina, Ioannina, Greece (poster presentation by P. Manousiadis)

7. "Electronic devices and sensors by Electrochemistry:, A. G. Nassiopoulou, Summer School organized by NCSR
“DEMOKRITOS”, July 2010, Athens, Greece

8. “Optoelectronics and Applications”, S. Gardelis, Summer School organized by NCSR “DEMOKRITOS”, July 2010,
Athens, Greece

9. “Microelectronic Materials and Device Technology”, S. Gardelis, 6th Summer School “Methods in Micro-Nano-
technology and Nanobiotechnology, September 13-17, 2010, Athens, Greece

MSc and diploma theses
1. MSc thesis of E. Linarakis under the supervision of A. G. Nassiopoulou on: “Si nanopatterning using electron beam

lithography”, defended at the University of Athens, Department of Informatics in September 2010

Courses taught 
1. Lectures on “Silicon processing for Nanoelectronics” by A. G. Nassiopoulou within: a) the MSc program on Mi-

croelectronics organized by the Department of Informatics of the University of Athens, in cooperation with the In-
stitute of Microelectronics of NCSR Demokritos and b) the MSc program on “Microsystems and Nanoelectronics”
organized by the National Technical University of Athens with the participation of the Institute of Microelectronics
of NCSR Demokritos

2. Lectures on “Micromechanics and Sensors”, by the S. Gardelis within the MSc program organized by the Depar-
tment of Informatics, University of Athens, in cooperation with the Institute of Microelectronics of NCSR “Demo-
kritos”
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Project II.2: MATERIALS AND DEVICES FOR MEMORY AND
EMERGING ELECTRONICS

Project leader: P. Normand

Key researchers: V. Ioannou-Sougleridis, P. Dimitrakis

Collaborating Researchers: P. Argitis, N. Glezos, A.M. Douvas

Post-doctoral: D. Velessiotis 

PhD candidate: P. Goupidenis, N. Nikolaou

Objectives

• Development of functional dielectrics and nanostructured materials for inorganic/organic memory and
advanced electronic applications. 

• Study of the structural and electrical properties of the generated materials and demonstration of mate-
rial functionality enabling the development of emerging electronic devices. 

• Realization and testing of electronic devices with emphasis on non-volatile memory cells.

Activities

Our research activities in materials and structures for memory applications started in 1996 with the de-
velopment of the low-energy ion-beam-synthesis (LE-IBS) technique in collaboration with Salford Uni-
versity (UK). Two-dimensional arrays of Si nanocrystals in thin gate dielectrics were demonstrated and
further exploited in the fabrication of nanocrystal memories (NCMs). This activity was first supported by
the EU project, FASEM (1997-2000). LE-IBS development with target the realization of non-volatile NCMs
in an industrial environment has been conducted further within the framework of the EU project, NEON
(2001-2004), in collaboration with the US implanter manufacturer, Axcelis.

In addition to our LE-IBS-NCM activities, major efforts have been devoted the last few years to novel
NCMs alternatives including: (a) Memory devices by Si+ irradiation through poly-Si/SiO2 gate stack, (b)
Memory devices using Ge-NCs produced by MBE, (c) hybrid silicon-organic and SiGe-organic memories;
this last activity was conducted within the framework of the EU project, FRACTURE (2001-2003), (d) For-
mation of Si NCs in thin SiO2 layers by Plasma Immersion, (e) Wet oxidation of silicon nitride implanted
with low-energy Si ions for ONO memory stacks, (f) MOS structures with low-energy Ge-implanted thin
gate oxides, (g) Proton radiation tolerance of nanocrystal memories, (h) Fabrication and characterization
of SiO2 films with Si NCs obtained by stencil-masked LE-IBS, (i) Hybrid organic thin film transistor by
laser-induced-forward-transfer, (j) Fluorene-based cross-bar organic memory devices, and (k) III-Nitrides
quantum dots-resonant tunneling diodes as tunable wavelength UV-VIS phototodetectors . 

The above activities were conducted in collaboration with CEMES/CNRS (FR), FZR Dresden and ZMD AG
(DE), Aarhus University (DK), Durham University (UK), Ion-Beam-Services (IBS, FR), MDM-INFM (IT),
LETI/CEA (FR), NTUA (GR), INSA Toulouse (FR), Cambridge NanoTech (USA), TEI Crete (GR), Ioannina Uni-
versity (GR), IMS/NCSR’D’ (GR) and MRG/FORTH (GR).

In 2010, our main activities described hereafter were focused on the following tasks: (A) Space charge po-
larization in acid doped polymer matrices using time-domain dielectric spectroscopy, (B) High-k dielec-
trics stacks for advanced non-volatile memory devices, (C) III-Nitrides quantum dots for memory
applications, (D) Fabrication and characterization of Ge diodes, (E) III-Nitrides resonant tunneling diodes

A. Space charge polarization in acid doped polymer matrices using time-domain dielectric spec-
troscopy 
P. Goupidenis, P. Normand, A.M. Douvas, P. Dimitrakis, P. Argitis, E. Kapetanakis1, K. Beltsios2,
C. Pandis3, A. Kyritsis3, P. Pissis3

1Department of Electronics, Technological Educational Institute of Crete
2Department of Materials Science Engineering, University of Ioannina 
3Department of Physics, National Technical University of Athens 

Polymer electrolytes have received considerable attention for their applications in lithium-ion batteries, fuel
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cells, photoelectrochemical and electrochromic devices, and more recently in organic electronics. In the
latter area, much effort has been directed towards electrolytic materials based gate dielectrics for the de-
velopment of organic field-effect transistors operating at low voltage. Gate dielectrics which insure the do-
uble function of super-capacitor and non-volatile information storage element have recently been
demonstrated using a stack made of a polymer layer doped with electrolytic molecules (ion conducting
layer) and a polymer layer containing ion-trapping molecules (see Kapetanakis et al., Adv. Mater. 20, 4568,
2008, and Org. Elec. 10, 711, 2009). The memory functionality (especially in terms of programming ch-
aracteristics) of devices employing such dielectrics strongly depends on the macroscopic transport pro-
perties of the ion conducting layer. This requires knowledge of the charge transport processes arising
from the motion of the ions and their dependences on various parameters like temperature, humidity and
film thickness. Such investigations can be conducted by means of impedance spectroscopy usually thro-
ugh frequency-domain measurements. 

For low-frequency responding systems such as those under study (see below), it is interesting to examine
the time-dependence current resulting from the application (polarization) or the removal (depolarization)
of a step-function electric field. Little used in analysis of electrolytic materials, this technique allows mo-
nitoring in real time of space charge polarization phenomena and its potential advantage increases as the
measurement range moves to long time domains (i.e. low frequency domains, typically below 1Hz).

This year, our efforts have been placed on the study of ion transport and polarization mechanisms in po-
lymer blend electrolyte systems consisting of a polymethyl methacrylate (PMMA) matrix doped with po-
lyoxometalate (POM, H3PW12O40) molecules where the moving ions are in the form of protons. The
electrical properties of this system were investigated by means of transient-current versus time response
and capacitance-voltage (C-V) measurements using MIS capacitor structures. The polarization / depolari-
zation phenomena and proton transport were examined as a function of temperature, humidity, POM
concentration and film thickness. 

B. High-k dielectrics stacks for advanced non-volatile memory devices
N. Nikolaou, V. Ioannou-Sougleridis, P. Dimitrakis, P. Normand, K. Giannakopoulos1, K.
Mergia2, K. Kukli3, J. Niinisto3, M. Ritala3, M. Leskela3

1Institute of Materials Science, IMS-NCSR ‘Demokritos’
2Institute of Nuclear Technology and Radiation Protection, IRTRP-NCSR ‘Demokritos’
3Chemical Department of Helsinki University (FI)

The objective of this project is to examine the influence of advanced atomic layer deposition (ALD) pre-
cursor chemistry of high-k dielectrics, used as tunnel or blocking dielectrics of nitride-based memory
structures. Replacement of one or more dielectric layers of the standard SONOS stack improves the func-
tionality and performance of the resulting charge-trap memory device. This project is conducted in close
collaboration with the University of Helsinki.

Fig. 1: (Left) Depolarization transient current response at 25ºC and imaginary (χ”) / real (χ’) parts of the time-dependent
susceptibility obtained by Fourier transform. (Right) Conductivity vs time as extracted (σ(ω) = ε0.χ”(ω).ω, ω=1/t) from

frequency- and time-domain measurements. The constant conductivity calculated using the Isothermal Transient Ion Cur-
rent (ITIC) method is also shown for comparison purpose.
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During the last year we conducted a systematic study of the structural and electrical properties of
SiO2/Si3N4/ZrO2 or SiO2/Si3N4/HfO2 gate stacks with layer thicknesses of 2.5/5/10nm, respectively. Both
high-k layers were deposited using two HfO2 and ZrO2 chemistries in combination with ozone as the oxy-
gen source. Specifically for HfO2: hafnium-tetrakis-ethylmethylamide (TEMAH) and bis methylcyclopen-
tadienyl-methylmethoxy hafnium (HfD-04), and for ZrO2: zirconium-tetrakis-ethylmethylamide (TEMAZ)
and bis methylcyclopentadienyl-methylmethoxy zirconium (ZrD-04). 

Electrical testing of MIS capacitors incorporating the above dielectric stacks showed that charge injection
is controlled by the tunnel oxide thickness while the dielectric permittivity of the high-k layer determines
the electric field distribution across the stack. These results indicate that the electrical properties extrac-
ted from J-V and C-V measurements as well as the charging characteristics and programming performance
of the stacks can by grouped according to the high-k layer. While these properties exhibit small differen-
ces for the stacks under study, endurance measurements reveal that the alkylamides-processed samples
can withstand significantly higher P/E cycles than those grown from the cyclopentadienyls (see Fig.2);
thus indicating that the reliability of the high-k layers strongly depends upon the precursor choice. 

C. III-Nitrides quantum dots for memory applications 
P. Dimitrakis, P. Normand, G. Konstantinidis1, E. Iliopoulos1, C. Bonafos2

1Department of Physics & NMRG/FORTH (GR), 2CEMES-CNRS, Université de Toulouse (FR)

The objective of these activities is to design, fabricate and evaluate a novel nanocrystal memory device
based on III-Nitride materials. The device principle combines the advantages of charge storage into se-
miconductor quantum dots and their work function engineering. This can be achieved by forming semi-
conductor QDs exhibiting negative conduction band offset with respect to the substrate. In such case, the
injected electrons can be trapped into the QDs at low voltage, while the retention time can be significantly
improved due to the higher energy barrier the carriers have to overcome in order to tunnel back to the Si
substrate. Assuming a Si substrate with a thin SiO2 tunneling layer, gallium nitride (GaN) QDs fulfill these
requirements.

In this direction, we focused our efforts on the realization of GaN-QDs structures on thin SiO2 layers. The
oxide layers - 3.5nm thick - were grown by dry oxidation of 100mm (100) n-Si substrates having a resisti-
vity of 1-2 Ω×cm. The GaN-QDs were formed onto the SiO2 films by radio frequency plasma assisted mo-
lecular beam deposition (RF-MBD). Two samples, A and B, with different QD sizes and density distributions
were fabricated. The growth conditions have been varied properly in order to tune the size and the density
of the QDs. PVD SiO2 layers (~15nm thick) have been examined as capping dielectric. For the shake of com-
parison, a reference sample without QDs was fabricated.

The structural properties of samples A and B were conducted by means of TEM examination. A defocused
XTEM image obtained from sample B is presented in Fig. 3l. Analysis of the above pictures allows for the
extraction of the QD distribution characteristics. Sample A has a higher surface density compared to B,
while the average size of QDs is ~5nm and ~3.5nm for samples A and B respectively. 

Fig. 2: (Left) Grazing Incidence X-Ray Diffraction patterns of SiO2/Si3N4/HfO2 gate stacks on a silicon substrate in the as-
grown state and after annealing. (Right) Endurance characteristics of the HfO2 and ZrO2 based stacks in the 10V(P) and -

11V(E) / 10ms regime.
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Typical high frequency C-V characteristics measured on MOS capacitors from all fabricated samples are pre-
sented in Fig. 3r. Reference sample exhibits no hysteresis after a round voltage sweep. Contrary, the QD
MOS capacitors exhibited strong hysteresis at relatively small voltages. Analysis of the related conductance
characteristics in both samples A and B revealed that the investigated hysteresis is due to electron trapping
into GaN-QDs.

D. Fabrication and characterization of Ge diodes 
V. Ioannou-Sougleridis, N. Poulakis, A. Speliotis1, A. Dimoulas1, D. Giubertoni2, S. Gennaro2, 
M. Barozzi2

1Institute of Materials Science NCSR ‘Demokritos’
2CMM-Irst, Fondazione Bruno Kessler, Trento, Italy

The objective of this research activity is the development of junction diodes on Ge substrates at tempera-
tures lower than 400oC. The severe scaling limitations of the conventional MOSFET fabricated on a Si sub-
strate, and especially the limited drive current, require the replacement of the channel material. Germanium
constitutes an attractive technological option due to the high mobility of both electrons (two times higher
than Si) and holes (four times higher than Si). Although in terms of mobility, this material is ideally suited
as channel material for high-performance logic applications, the germanium substrates integration tech-
nology faces significant challenges. A critical parameter is the formation of n+/p and p+/n junction diodes
using low thermal budgets and low temperatures, a requirement to preserve the high-k dielectric integrity. 

The diodes were formed by phosphorus or boron ion implantation using a dose of 2x1015 ions/cm2. After
implantation a 50nm-thick Pt layer was deposited on the diodes, followed by a thermal annealing either
at 300 or 350oC. SIMS measurements indicate that during annealing Ge diffuses into the Pt layer and Pt
into the Ge layer, forming thus a platinum germanide layer which activates the dopants. Figure 4l shows
the I-V characteristics of an n+/p diode after annealing at 350oC for time intervals between 2 and 30 min.
This year, our activities were focused on the study of the J-V and C-V characteristics as a function of tem-
perature, of several p+/n and n+/p diodes processed using different annealing temperatures and times.
In particular the reverse current and the depletion capacitance were analyzed to evaluate the main defect
centers which may exist within the depletion region of the diodes. For this the reverse current and the de-
pletion capacitance are separated into the bulk and peripheral components. Figure 4r shows the Arrhe-
nius plot of the bulk current component of a p+/n diode annealed at 350oC for 10 min. These
characteristics of both n+/p and p+/n diodes reveal that the metal induced dopant activation process
could resolve the issue of low temperature diode formation on germanium substrates.

Fig. 3: (Left) Defocused XTEM image from the sample with 3.5nm SiO2/GaN-QDs/ PVD SiO2 stack on Si. (Right) Compara-
tive normalized C-V (1MHz) plots from the control sample and the A and B samples with embedded GaN QDs at different

densities.
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E. III-Nitrides resonant tunneling diodes — P. Dimitrakis, P. Normand, G. Deligiorgis1, Th.Kostopo-
ulos1, G. Konstantinidis1, X. Dimizas1, E. Iliopoulos1

1Department of Physics & NMRG/FORTH (GR)

These activities aim at the development of resonant tunneling diode (RTD) structures based on polar III-
Nitrides heterostructures. Despite a number of research efforts, functional resonant tunneling diodes
based on compound III-Nitride semiconductor heterostructures have not yet been demonstrated. Although
negative differential resistance (NDR) characteristics have been reported, these effects disappear follo-
wing the application of a single bias sweep through the NDR region that brings the devices in a lower con-
ductivity state. The origin of this “charging” effect is not yet understood.

Clear evidence for the functionality of our RTD devices was presented two year ago (see 2008 IMEL an-
nual report), while last year (2009 IMEL annual report) we reported on the effective reduction of the lea-
kage current and the density of surface states that cause both NDR region screening and unexpected
current switching to high values. This year, we focused our efforts on the optimization of the deposition
conditions of the TEOS passivation layer as well as the electrical parameters that can be extracted from
different characterization techniques. 

In the I-V characteristics of fabricated symmetric (0001) Al(Ga)N/GaN DBRT diodes (Fig. 5l), two distinct
behaviors were observed: (i) negative differential resistance associated with charging and (ii) strong mul-
tistability, depending on the composition of the barriers. In the case of heterostructures with high Al-con-
tent barriers, NDR-like IVs, with large peak-to-valley current ratios were obtained (Fig. 5r). However, as
bias swept through the NDR region, the devices gradually charged and finally attained a metastable low-
conduction status in which NDR transitions were completely washed out. In the case of lower Al-content
barriers, an unstable behavior was observed, with abrupt transitions between different conductivity sta-
tes. The former behavior is associated with the large asymmetry in the effective strength of collector and
emitter side barriers and with the presence of 2DEG states. The latter one is in agreement with theoreti-
cal predictions of multistability in double barrier structures with quantized emitter region states. Further
investigations are currently in progress to optimize the peak-to-valley ratio in the I-V characteristics of the
latter devices.

Fig. 4: (Left) J-V characteristics of p+/n diode. (Right) Arrhenius plot of the reverse bulk current component 
(at VR=-0.5V) of a p+/n Ge diode.
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PROJECT OUTPUT IN 2010

Publications in International Conference Proceedings

1. “Charge trapping memories with atomic layer deposited high-k dielectrics capping layers”, N. Nikolaou, P. Dimi-
trakis, P. Normand, K. Giannakopoulos, K. Mergia, V. Ioannou-Sougleridis, K. Kukli, J. Niinistö, M. Ritala, M. Le-
skelä, Materials Research Society Symposium Proceedings 1250, 3-8 (2010). 

2. “Annealing effects on Si nanocrystal nonvolatile memories”, P. Dimitrakis, C. Bonafos, S. Schamm-Chardon, G. Be-
nAssayag, P. Normand, Materials Research Society Symposium Proceedings 1250, 23-28 (2010).

3. “Nanocrystal memory device utilizing GaN quantum dots by RF MBD”, P. Dimitrakis, E. Iliopoulos, P. Normand,
Materials Research Society Symposium Proceedings 1250, 63-68 (2010).

4. “Formation of Ge nanocrystals in high-k dielectric layers for memory applications”, P. Dimitrakis, V. Ioannou-So-
ugleridis, P. Normand, C. Bonafos, S. Schamm-Chardon, A Mouti, B. Schmidt, J. Becker, Materials Research So-
ciety Symposium Proceedings 1250, 69-74 (2010). 

Conference Presentations

1. “GaN quantum dots as charge storage elements for memory devices”, P. Dimitrakis, P. Normand, K. Tsagaraki,
E.Iliopoulos, 19th European Workshop on Heterostructure Technology (HETECH 2010), 18-20 October, Fodele,
Crete, Greece (2010).

2. “Implantation energy effect on photoluminescence spectroscopy of Si nanocrystals locally fabricated by stencil-
masked ultra-low-energy ion-beam-synthesis in silica”, R. Diaz, C. Suarez, F. Gloux, C. Bonafos, S. Schamm, A. Ar-
bouet, R. Marty, V. Paillard, J. Grisolia, P. Normand, P. Dimitrakis, G. BenAssayag, 17th International Conference
on Ion Beam Modification of Materials (IBMM 2010), 22-27 August, Montreal, Canada (2010).

3. “Investigation of sulfonium salts as charge transport carriers for improvement of Polymer Light Emitting Diodes
performance”, D. G. Georgiadou, P. Dimitrakis, M. Vasilopoulou, L. C. Palilis, L. Sygellou, S. Kennou, D. Dimoti-
kali, P. Argitis, Micro&Nano 2010, 12-15 December, Athens, Greece (2010).

4. “Negative differential resistance and charge trapping phenomena in (0001) AlGaN/GaN double barrier resonant tun-
neling diodes”, G. Deligeorgis, P. Dimitrakis, Th. Kostopoulos, G. Konstantinidis, X. Dimizas, P. Normand, E. Ilio-
poulos, Micro&Nano 2010, 12-15 December, Athens, Greece (2010). 

5. “Low temperature metal-induced dopant activation of Germanium N+/P and P+/N diodes”, V. Ioannou- Sougle-
ridis, S.F. Galata, E. Golias, Th. Speliotis, A. Dimoulas, D. Giubertoni, S. Gennaro, M. Barozzi, E-MRS Spring Me-
eting 2010, June 7-11, Strasbourg, France (2010).

6. “Laser printing of polythiophene for organic electronics”, M. Makrygianni, P. Dimitrakis, P. Normand, S. Cha-
tzandroulis, I. Zergioti, E-MRS 2010 Spring Meeting, June 7-11, Strasbourg, France (2010). 

Edition of Conference Proceedings 

1. C. Bonafos, Y. Fujisaki, P. Dimitrakis, E. Tokumitsu, «Materials and Physics of Nonvolatile Memories II», Mater. Res.
Soc. Symp. Proc. Vol. 1250, Warrendale, PA, 2010.

Fig. 5: (Left) Schematic of the investigated DBRTD structures. (Right) I-V curves exhibiting gradual charging in AlN/GaN DB
resonant tunneling diodes.



Conference and Workshop Organization 

1. C. Bonafos, Y. Fujisaki, P. Dimitrakis, E. Tokumitsu, “Materials and Physics of Nonvolatile Memories”, Sympo-
sium G, MRS Spring Meeting 2010, 5-9 April, San Francisco, CA, USA

Patent

1. European patent application, EP 2277202 (2010), in continuation of PCT/GR2009/000023 (2009), Memory devi-
ces using proton-conducting polymeric materials, Inventors: E. Kapetanakis, A.M. Douvas, D. Velessiotis, E. Ma-
karona, P. Argitis, N. Glezos, P. Normand.
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Project II.3 MOLECULAR MATERIALS AS COMPONENTS OF
ELECTRONIC DEVICES

Project Leader: N.Glezos

Key researchers: P.Argitis P.Normand

Post Doctorals: D.Velessiotis , A.Douvas 

Collaborating Researchers: D. Yannakopoulou and E. Mavridi (Institute of Physical Chemistry, NCSR
“D”), Z.Pikramenou (University of Birmingham), Ulf Soderval (Chalmers University), Bengt Nilsson (Ch-
almers University).

Research orientation:

• To investigate the potential of molecular materials to be used as active components in molecular devi-
ces e.g. as switching or memory elements.

• to develop consistent evaluation methods based on the electronic transport properties at the nano-
level for the characterization of single layered and few-layered systems.

• to produce  physical parameters (film thickness, surface molecular density, contact potential) that could
be cross-checked with other surface characterization methods

• To evaluate elements of the class of organic crystals as components of  organic FETs

• To develop techniques for thin film deposition and characterization of molecular materials.

MAIN RESULTS IN 2010

The main results obtained in 2010 within the different tasks of the project are given below.

A. Molecular junctions made of tungsten-polyoxometalate self-assembled monolayers
D. Velessiotis, A.M. Douvas, S. Athanasiou , P. Argitis, N. Glezos B. Nilsson, G. Petersson, U.
Södervall, G. Alestig, 

Polyoxometalates are molecules in which the anion is a complex inorganic oxide of transition metals. The
anion is organised in a well-defined, closed-packed form, with a certain number of metal-oxygen polyhe-
dra surrounding one or more heteroatoms. They are highly reactive -yet stable- substances, thus having
a plethora of diverse applications. Due to this wealthy chemistry and photochemistry as well as their well-
defined dimensions and ability for electron storage and transfer, polyoxometalates have recently attrac-
ted attention as candidates for use in molecular electronic and photoelectronic applications .

As our goal is to establish SAM’s electrical properties, the fabricated junctions vary so in design as in their
dimensions. A group of opposite fingers junctions (Fig 1) with 50, 100, 150 and 200nm electrodes’ width
are constructed. With opposing electrodes, one can obtain higher values of electric field through limiting
of the electrodes’ dimensions. At the same time, the observed phenomena are caused by the small num-
ber of POMs in between the electrodes. Parallel fingers junctions (Fig 1), with overlaps of 500nm, 1μm
and 2μm, are also investigated, in order to obtain the behaviour under lower fields and with a larger num-
ber of anions present. For every width (or overlap for parallel electrodes), junctions with different elec-
trodes’ distances -varying from 20 to 200nm- 
are constructed.

Figure 1: Scanning Electron Micrographs of the junction’s area
of 50nm-distant, 200-nm opposite fingers’ geometry electro-
des (left) and of 50nm-distant, with 500nm overlap, parallel

fingers

Figure 2: Current density as a function of the applied elec-
tric field for parallel junctions of different electrodes’ over-
laps and 50nm electrodes’ distance. The threshold value

for the electric field is about 0.5MV/cm.
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POM anions can be considered as a group of regularly arranged semiconducting islands placed between
two electrodes, which can become charged when junction is biased. Conduction in the junction is then
governed by percolation, in the case of conductive quantum dots: the islands forms conduction paths
that are activated after a certain voltage; the larger the applied voltage, the more the activated conduction
paths. At the same time, since anions are not physically connected, the only way the charge can be tran-
sported is through tunnelling. Obtained current-voltage characteristics (IVs) verify this behaviour. The IVs
(Fig 2) show a low conductance region for low bias, followed -after a certain threshold voltage Vth- by a
high conductance region. As IVs general behaviour -along with the field’s threshold- is steady for the dif-
ferent overlaps (widths), the observed behaviour is mainly due to the SAM and not a property of the elec-
trodes themselves. 

Furthermore, a quantitative analysis of the results is made using the FN representation ( ln(I/V2) = f(1/V)
) of the IVs. The IVs present a minimum value, which corresponds to the tunnelling mean barrier height
φ and divides the IV in the FN and a direct tunnelling  region. However, since measurements are per-
formed at room temperature the transition from direct to FN tunnelling is not always abrupt. Fitting by Sim-
mons’ tunnelling model is performed for any combination of junction’s geometrical features and this way
the precise φ values are determined. A linear increase of φ as a function of the electrodes distance is es-
tablished. 

B. Fabrication and electrical characterization of molecular nanowires based on cyclodextrin host-
guest systems 
Davide Maffeo, Viswanathan Chinuswamy,  Konstantinos Anastasiou, Constantinos Milios, Evan-
gelos Kefalas, Maria J.J. Pereira Silva, Zoe Pikramenou, Irene M. Mavridis,  Konstantina Yanna-
kopoulou, Nikos Glezos

Using Scanning Tunneling Microscopy (STM) we study the morphology and the electronic transport prop-
erties of molecular nanowire systems composed by cyclodextrin hosts (CDs), immobilized on Au sur-
faces, and suitably-sized metal containing guests. It is shown that the presence of metal complex moieties
or units in the structure of guests significantly alters the electronic transport characteristics between Au
and STM tip due to the modification of the potential barrier. In one particular case of a Ru(II) containing
CD complex and a Fe(II) containing guest, electrostatic effects are present that could be potentially ex-
ploitable in future electron storage memory devices.

Morphology was examined by scanning fields as large as 1.5μm x 1.5μm down to 50nm x 50nm. Repre-
sentative results are shown in Figure 1 for 100nm x 100nm fields. A general conclusion is that the pres-
ence of a the metallo- guest induces surface ordering and organization resulting from the evaluation of the
RMS roughness values in each case and the mean cluster size. Thus in the case of the presence of the Fe-
tpy-nor guest in α-THIO, roughness reduces from 2.4nm to 1.4nm, while 10-15nm clusters are substituted
by more extended  structures of the order of 50nm. The same is true in the case of DMβ-THIO with the
Ir-tpy-bp guest where roughness reduces from 7.0nm to 1.0nm. In the case of the α-Ru and the Fe-tpy-
nor guest, the roughness remains practically unchanged (~1nm) however the film becomes more homo-
geneous with clusters of the order of 20nm. The small roughness of α-Ru and its complex with the guest
can be attributed to results from the orientation of this host molecule, arising by the presence of the pla-
nar tpy ligands.
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The transport characteristics were investigated by examining groups of I-V curves over different locations
of the samples. The curves were compared to the Au sample reference for the shape and the values of the
parameters. Each curve was analyzed using existing models for tunneling effects. We used a combination
of the low tunneling regime with the Fowler – Nordheim high voltage tunneling as described by Simmons.
The parameters that can be evaluated with this method are the potential step  and the effective tunneling
distance  i.e. the width of the region in which the electron feels the presence of the electrical barrier and
whose its upper limit is the physical distance between electrodes. The values of the tunneling parameters
reflect on the shape of the I-V curves. All the measurements were performed in voltage cycles sweeping
from negative values to positive and then back. In the case of the Au substrate reference there are no hy-
steresis effects related to charge trapping. In the case of α-THIO, DMβ-ΤΗΙΟ and their guests, these trap-
ping effects are also non existent or casual  (not shown). However the I-V curves of α-Ru with and without
its Fe-tpy-nor guest have different structural characteristics. These are shown in Figure 2.

The voltage increase in the case of α-Ru results in a normal tunneling procedure that is limited mostly to
the low voltage tunneling region. This is consistent with the low value of φ=0.25 averaged over several
curves. However voltage biasing also results in storing electrons on the layer which have the effect of re-

α-THIO α-THIO + Fe-tpy-nor α-Ru  

α- Ru +Fe-tpy-nor DMβ-THIO DMβ-THIO + Ir-tpy-bp

Figure 1 Change of surface morphology induced by the presence of a metalloguest. 

Figure 2   Hysterisis effects in α-Ru and Fe tpy nor guest. The sweeping of the voltage bias is form negative values to 
positive and then back.
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ducing the current when the voltage is decreased.   As seen in figure 4 the voltage has to reach a value of
V=  -0.8V before these electrons are released. This is more dramatic in the presence of the Fe-tpy-nor
guest. In this case an onset for high conductance exists for the electron path in both directions consistent
with the higher value of φ observed. This means that such complex systems have potentially the possi-
bility to be used in future molecular memory applications.

PROJECT OUTPUT IN 2010

Conference Presentations

1. “Inorganic polyoxometalates as components of molecular electronic devices”, P.Argitis, N.Glezos, Oral presenta-
tion, POM Worshop, NSF Meeting, Newcastle August 2010

2. “Molecular junctions made of tungsten-polyoxometalate self-assembled monolayers: Towards polyoxometalate-
based molecular electronics devices”,  D. Velessiotis, A.M. Douvas, S. Athanasiou, B. Nilsson, G. Petersson, U.
Södervall, G. Alestig, P. Argitis, N. Glezos, MNE Conference, September, Genova

3. Scanning Tunnelling Spectroscopy and Topography Recovery of a Polyoxometalate-based Self-Assembled Mono-
layer, D. Velessiotis, S.Athanasiou, A. Douvas, P. Argitis and N. Glezos, NN Conference, Chalkidiki, July 2010

4. Fabrication and electrical characterization of molecular nanowires based on cyclodextrin host-guest systems,  Da-
vide Maffeo, Viswanathan Chinuswamy ,  Zoe Pikramenou , Irene M. Mavridis,  Konstantina Yannakopoulou, Nikos
Glezos, NN Conference, Chalkidiki, July 2010
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Project III.1A MECHANICAL AND CHEMICAL SENSORS

Key Researchers: S. Chatzandroulis, P. Normand, I. Raptis, C. Tsamis

Collaborating Researchers: D. Goustouridis, E. Makarona, V. Tsouti

Phd students: I. Ramfos, K. Manoli, P. Oikonomou, Ch. Kokkinos, P. Broutas

Students: M. Widmann, C. Chatzimanolis-Moustakas

External Collaborators: M. Sanopoulou (IPC, NCSR 'Demokritos'), Th. Speliotis (IMS, NCSR, 'Demokri-
tos'), A. Economou (Chemistry Dept. Uni. Athens), P. Jedrasik (Chalmers Univ.), M. Kompitsas (EIE), I. Zer-
gioti (NTUA), D. Kafetzopoulos (IMBB/FORTH), F. Farmakis (Democritus University of Thrace)

Objectives:

• Development of micromachining processes for the realization of novel chemical and mechanical sen-
sors.

• Development of low power silicon sensors based on new materials and new processes.

• Design, fabrication and testing of microsystems using silicon sensors.

• Realization of sensors for specific industrial applications with emphasis on medical, food and automotive
fields.

Funding:

EU - IST-FP6-STREP-027333 Micro2DNA, “Integrated polymer-based micro fluidic micro system for DNA
extraction, amplification, and silicon-based detection”, P. Normand Hellenic National Strategic Reference
Framework (ESPA) 2007-2013, Contract no. MICRO2- ΣΕ-Γ, S. Chatzandroulis

Main Activities in 2010:

In 2010, our main activities were focused on the following tasks:

A. Low power Metal-Oxide (MOX) Chemical Sensors

B. Polymer based chemical sensor arrays

C. Capacitive Type Sensors

A. FET-type chemical sensors* — N. Kelaidis, M. Widmann, E. Makarona, C. Tsamis, M.
Kompitsas1, 
Th. Speliotis2, F.V. Farmakis3, P. Jedrasik4

1National Hellenic Research Foundation
2NCSR Demokritos, Institute of Materials Science
3Democritus University of Thrace, Department of Electrical and Computer Engineering
4Chalmers University of Technology

Chemical sensors for wireless applications are of major interest since they turn into reality the possibility
to sense and monitor environmental changes in hard-accessible mediums or even to escort environment-
sensitive products in order to monitor and build environment-related database. Low-energy consumption,
low or room-temperature operation as well as integration in small dimension are some of the most im-
portant requirements of such sensors. To this end, we investigate two candidate devices: i) MOS capaci-
tive sensors and ii) FET-type sensors with active catalytic layer. 

During this year, we continued our efforts on the fabrication of interdigitated bottom-gate FET devices with
various channel lengths (from 0.3 μm to 2 μm) (Figure 1a). On the top of the interdigitated electrodes, a
50-nm-thick zinc oxide layer was grown by Pulsed Laser Deposition, as the active layer. Alternatively, Au-
nanoparticles were also deposited on top of ZnO with the PLD technique in order to investigate the in-
fluence of Au on ZnO. Figure 1b shows an AFM image of as-deposited thin ZnO film grown on oxidized
silicon wafer. The average grain size of around 80 nm is slightly affected by the annealing process due to
the low (400OC) temperature used. The indicated high surface-to-volume ratio favors the application of
such films as gas sensors since the chemical active area is enhanced. 



Figure 2a shows a comparison in CO sensing between a ZnO gas sensor without Au and with Au nano-
particles. It has to be noted that both sensors were held at 200oC during the experiments and that the CO
was introduced with dry air. It is easily observed that the sensitivity is more than 1.5 times higher for the
sensor with the Au nanoparticles. In addition, the response time t90 (t90 is defined as the time needed for
the signal to achieve the 90% of its final value) is 3 times shorter for the ZnO/Au nanoparticles gas sen-
sor. Figure 2b shows the Sensor sensitivity as a NH3 concentration for ZnO sensors with and without gold
nanoparticles for temperatures ranging from 150-210oC..  We observe that depending on the measurement
temperature the introduction of Au significantly alters sensitivity in NH3.

*For more information please contact Dr. C. Tsamis (e-mail: ctsamis@imel.demokritos.gr)

B: Polymer based chemical sensor arrays
P. Oikonomou1, K. Manoli1,2, D. Goustouridis1, M. Sanopoulou2, I. Raptis1

1Institute of Microelectronics, NCSR ‘Demokritos’
2Institute of Physical Chemistry, NCSR ‘Demokritos’

Sorption of VOCs and moisture in thin supported polymer films are important phenomena to a variety of
applications, such as coatings, microelectronics manufacturing and chemical sensors. A relatively simple
methodology based on White Light Reflectance Spectroscopy is applied to monitor vapor – induced thic-
kness changes of polymer films, supported on suitable silicon substrates. The methodology developed is
very useful for the selection of sensing materials in all sensing principles where polymer is used e.g. ch-
emcapacitors, chemresistors, cantilevers, QCM.

The measured equilibrium thickness expansion of various polymers (methacrylic, siloxane, …), exposed
to different activities (αs) of water, methanol, ethanol and ethyl acetate vapor, is used to determine the sor-
ption isotherm of each system, assuming unidirectional swelling due to the constraining rigid support. 

The deduced sorption isotherms were fitted to the Flory- Huggins equation, by non-linear regression ana-
lysis, and interaction parameters χ were determined for each binary system. As an example, the moisture
sorption data of all polymers are presented in Fig. 3. The relative sorption capacity of the different clas-
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Fig. 2: (a) Sensitivity vs time for ZnO sensors with and without gold nanoparticles. The measurements were performed at
200oC. (b)  Sensor sensitivity as a NH3 concentration for ZnO sensors with and without gold nanoparticles for 

temperatures ranging from 150-210oC.

(a) (b)

Fig. 1: (a) SEM images showing the interdigitated source and drain electrodes of the bottom gate FET device.
(b) AFM image picture of as-deposited thin ZnO film grown on oxidized silicon wafer. The average grain 

size of around 80 nm is not affected by the annealing process due to the low (400O C) temperature used.

(a) (b)



ses of polymers towards the four vapors is in line with the expected solubility interactions between sol-
vent and solute. Furthermore, an estimate of the solubility coefficient S, at the limit of infinite dilution, ex-
pressed as S=φS /as=exp(-1-χ), is made. The correlation of the values of S to the differences of the Hansen
solubility parameters Δδ between solute and polymer of each binary system (Fig. 4) exhibits a sharp decay
of solubility coefficient with increasing Δδ. The results indicate that the applied optical methodology is sui-
table for screening polymeric materials for specific applications, on the basis of their sorption properties.

*For more information please contact Dr. I. Raptis (e-mail:raptis@imel.demokritos.gr)

C. Capacitive Type Sensors*
S. Chatzandroulis, D. Goustouridis, V. Tsouti, I. Ramfos, P. Broutas, C. Boutopoulos1, I. Zergioti1, 
D. Tsoukalas1, D. Kafetzopoulos2, P. Normand

1National Technical University of Athens, 2IMBB/FORTH

Capacitive DNA Sensors Arrays 

The detection of DNA hybridization using ultrathin Si membrane capacitive micromechanical biosensor
organized in a 16 x1 6 array has been studied. The biosensor exploits the ability of the ultrathin membrane
to deflect upon surface stress variations caused by biological interactions. Probe DNA molecules are im-
mobilized on the membrane surface and the surface stress variations during hybridization with their com-
plementary strands force the membrane to deflect and effectively change the capacitance between the
flexible membrane and the fixed substrate. The sensor array comprises 256 such sensing sites thus allo-
wing the concurrent sensing of multiple DNA mutations. The biosensor and its performance for the de-
tection of complementary DNA strands are demonstrated using beta-thalassemia oligonucleotides. The
experimental results show that the sensors are able to detect DNA hybridization using 9nM sample and
to discriminate single nucleotide mismatches.
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Fig. 5: Schematic of the capacitive sensing elements. The
surface stress variations induced during the biomolecular in-
teractions change the capacitance between the ultrathin Si

membranes and the fixed substrate.

Fig. 6: Average differential response (average CD19N minus
average CD19M sensors) of biosensor arrays with sensing

elements of 0.5μm Si membrane thickness and 250μm dia-
meter for three different PCR concentrations. The errors are
estimated by the variations among the sensing elements in

the same array.  

Fig. 4: Correlation of solubility coefficients S with
three- dimensional solubility parameter differences

(PHEMA); 3.73 (PMMA); 4.39 [P(DMS-co-DPhS)-2]; 4.75 (PBMA);
5.11 [P(DMS-co-DPhS)-1];5.36 (PiBMA)

Fig. 3: Sorption
isotherms of Η2Ο

vapor in 
polymer films of 

thicknesses
Lo=197-737nm,
at 30 0C (points).

Lines represent fit-
ting to the Flory-

Huggins equation
with interaction

parameter χ: 1.58
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Electronic Readout for Capacitive Sensor Arrays.

An electronic readout system for multiple capacitive sensors was designed and manufactured as an ASIC.
The output signal of the readout is a square wave, with the oscillation period being linearly modulated by
the sensor capacitance. The system focuses on the simplicity of the design, while integrating basic periph-
eral components on-chip. Components such as charge/discharge current control unit, a multiplexing unit and
a bandgap voltage reference are embedded, to obtain a stable and linear readout system for multiple sen-
sors of variable types and capacitance ranges. The ASIC is hosted on a PCB with a supervising microcon-
troller, which is programmed to produce ratiometric measurements using reference capacitances to
minimize parasitic effects, returning the results over a USB interface to a personal computer. The ASIC was
designed and fabricated in AMS 0.35um CMOS technology, and was tested using capacitive pressure sen-
sors, exhibiting up to 0.89 μs/pF sensitivity.

*For more information please contact Dr. S. Chatzandroulis (e-mail: stavros@imel.demokritos.gr)

PROJECT OUTPUT IN 2010

Publications in International Journals

1. “Vapor-induced swelling of supported methacrylic and siloxane polymer films: determination of interaction para-
meters” Manoli K, Goustouridis D, Raptis I, Valamontes E, Sanopoulou M, J. Appl. Polym. Sci. 116 184-189 (2010)

2. “Determination of Trace Tl(I) by Anodic Stripping Voltammetry on Novel Disposable Microfabricated Bismuth-
Film Sensors” Kokkinos Ch, Economou A, Raptis I, Speliotis Th, Electroanalysis 22 2359-2365 (2010).

3. “Polymer based chemical sensor array fabricated with conventional microelectronic processes” Kitsara M, Gou-
stouridis D, Valamontes E, Oikonomou P, Beltsios K, Raptis I, J. Optoelectron. Adv. Mater. 12 1147-1151 (2010).

4. V. Tsouti, C. Boutopoulos, D. Goustouridis, I. Zergioti, P. Normand, D. Tsoukalas, S. Chatzandroulis, “A chemical
sensor microarray realized by laser printing of polymers”, Sens. Act. B: Chemical, vol. 150 (1),  pp. 148-153 (2010).

5. V. Tsouti, C. Boutopoulos, P. Andreakou, M. Ioannou, I.  Zergioti, D. Goustouridis, D. Kafetzopoulos, D. Tsouka-
las, P. Normand, S. Chatzandroulis, “Detection of DNA mutations using a capacitive micro-membrane array”, Bio-
sensors and Bioelectronics, vol. 26 (4), pp. 1588-1592 (2010). 

6. M. Kandyla, S. Chatzandroulis, I. Zergioti, “Laser induced forward transfer of conducting polymers”, (2010) Opto-
Electronics Review, vol 18 (4), pp. 345-351 

7. S. Chatzandroulis, V. Tsouti, M. Ioannou, C. Boutopoulos, I. Zergioti, D. Goustouridis, J. Hue, R. Rousier, D. Tso-
ukalas, P. Normand, and D. Kafetzopoulos, «Sensitivity Investigations Of Surface Stress Capacitive DNA Sensor»,
9th Annual IEEE Conference on Sensors IEEE Sensors 2010 Conference, November 1-4, 2010

Fig. 7: System block diagram Fig. 8: Calculated capacitances with and without offset com
pensation, for two sets of measurements
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Publications in International Conference Proceedings

1. “Micro-fabricated cell-on-a-chip devices with integrated metal-film electrodes for trace metal analysis by stripping
voltammetry” Kokkinos Ch, Economou A, Raptis I, Speliotis A, Micro & Nano Engineering 2010 (Genoa, Italy,
09/2010) 

2. I. Ramfos, I., Chatzandroulis, S., “A 16-channel capacitance-to-period converter with offset compensation for sen-
sor applications”, Electronics, Circuits, and Systems (ICECS), 2010 17th IEEE International Conference on

Conference Presentations

1. “Characterization of the vapor sorption properties of methacrylic and siloxane polymers by an optical method” Ma-
noli K, Oikonomou P, Goustouridis D, Raptis I, Sanopoulou M, 8th Hellenic Polymer Soc. Symp. (Crete, Greece,
10/2010) 

2. "Influence of Au nanoparticles on ZnO field-effect transistors fabricated by Pulsed Laser Deposition", F.V. Farma-
kis, N. Kelaidis, C. Chatzimanolis-Moustakas, E. Makarona, C. Tsamis, M. Kompitsas, I. Fasaki, Th. Speliotis and
P. Jedrasik, E-MRS Spring Meeting 2010, Symposium R: Laser Processing and Diagnostics for Micro- and Nano-
applications, 7-11 June 2010, Strasburg, France

Msc Thesis

M.Fillipidou, «Study of Biological Interactions using Si micromechanical sensors»
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Project III. 1B ENERGY HARVESTING MATERIALS AND DEVICES

Project Leader: C. Tsamis
Post-doctoral scientists: E. Makarona

PhD candidates: G. Niarchos

MSc Students: S. Katsaridis

Students: C. Fritz

External Collaborators: T. Speliotis (IMS/NCSR “D”), D. Niarchos (IMS/NCSR “D”)

Objectives:

- Design and optimization of Energy Scavengers for autonomous Microsystems

- Novel materials for high efficiency energy conversion (mechanical, thermal, etc)

- Development of single and dual-transduction mechanical harvesters for improved power characteristics

- Device fabrication and characterization

Funding:

“Development of Innovative sensor systems offering distributed intelligence – MEMSENSE”,  National Funds
and European Regional Development Funds, NSRF 2007–2013, contract no. 45 (5/2009 - 4/2012)

Research activities and main results within 2010

Energy Scavenging from the ambient has been actively explored using several methods such as solar
power, electromagnetic fields, thermal gradients, fluid flow, energy produced by the human body, and the
action of gravitational fields. Most of all, mechanical vibration is a potential power source which is easily
accessible through Microelectromechanical Systems (MEMS) technology for conversion to electrical
energy. The reported examples use a mass–spring system which resonates when the frame of the device
is vibrated. The motion of the mass relative to the frame is damped by one of several energy conversion
mechanisms, namely electromagnetic force, electrostatic force, or piezoelectric force.

From these scavenger types, the ones based on electromagnetic and piezoelectric principle appear to be
the most promising ones and has been the main target of our activities. Furthermore, our research effort
focuses on an innovative concept and design approach, targeting to a novel energy scavenger, capable of
harvesting mechanical vibration energy with the aid of two transduction mechanisms. Additionally, our re-
search efforts are also focused on the development of novel piezoelectric materials.

ZnO nanorod arrays for efficient energy conversion— G. Niarchos, E. Makarona, T. Speliotis*, C.
Tsamis
*Inst. of Material Science, NCSR “Demokritos”

ZnO nanostructures -owing to their multifunctional nature that combines semiconducting and piezoelec-
tric properties- have successfully demonstrated their ability to efficiently convert nanoscale mechanical
energy into electric energy, becoming thus the most prominent candidates for the development of nano-
generators. During this year, we have continued exploring the capabilities of the   cost-efficient, low-tem-
perature bottom-up method developed at the institute for the production of ZnO nanorods (NRs) on
pre-patterned surfaces (Fig.1a). Analysis via FEM simulations of the expected potential across the nanorods
when subjected to mechanical deformation -taking into account the nanorods’ size and shape distribution
(Fig1b), an inherent trait of the hydrothermal growth - has revealed that the this method not only allows
for high tolerance in the control of the structural properties of the resulting nanorods, but suggests that the
morphological diversity of the resulting nanostructures can –in some cases- lead to higher conversion ef-
ficiencies compared to highly-ordered arrays.
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For each NR shape the piezoelectric conversion efficiency was examined as a function of the geometrical
characteristics and as a function of the possible electrode configuration (fig. 2). It was demonstrated that
activation of additional deformational modes can be achieved when the external stimulus that deflects
the nanorods is applied at certain directions, due to torsion of the elongated nanorods. Elongated NRs can
produce power at the same levels as the regular hexagonal NRs (when the force is applied to the long
edge), while the random orientation of the elongated electrodes (simulated as a force applied on the small
side) contributes to the power generation albeit at lower levels (fig.3). In other words, the elongated NRs
are still exploitable for power generation alongside the “perfect” hexagonal wurtzite NRs.

This study has indicated that the topological features of the electrodes play a key role in the possible ex-
tracted power. The easiest-to-implement configuration, namely using top and bottom electrodes (fig 2. I),
is the least advantageous one since large electrodes can perturb the  electrical potential distribution. On
the contrary, using a metal patch as the top electrode (fig. 2 III) provides the highest output power for all
types of NRs, but it is the most challenging technological approach. 

In summary, it became evident that the combination of the FEM-modelling with the fine-tuning of the
growth parameters of the suggested hydrothermal technique can provide a valuable methodology for the
optimization of the statistical distribution of various nanorod shapes and the production cost-efficient na-
nowire arrays suitable for highly-efficient nanogenerators.

Figure 2 (a) FEM simulations for the Piezoelectric Potential for (a) regular hexagonal NRs, (b) elongated hexagonal NRs
where the force is applied to the long side and, (c) and elongated hexagonal NRs where the force is applied to the short

side. The three metallization configurations examined are: (I) Total Bottom– Total Top Electrode, (II) Side Electrode and (III)
Total Bottom–Top Patch. (b) Output power per elongated NR for the three metallization configurations when a 100nN

force is applied vertically to the long edge (solid symbols) and to the small edge (open symbols).Triangles: 
TB-TT ; Circle: SEs and Squares: TB-TP.

(a) (b)

Figure 1 (a) SEM images of patterned areas at the wafer-scale where ZnO nanorods have be grown using the hydro-
thermal technique, (b) a close-up view of the various NR shapes that co-exist in the array: (I) purely hexagonal NRs,

(II) elongated hexagons and (III) asymmetric hexagons.
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Growth and characterization of uniform, highly-textured ZnO films via the  hydrothermal growth
technique — E. Makarona, C. Fritz, G. Niarchos, T. Speliotis*, C. Tsamis

*Inst. of Material Science, NCSR “Demokritos”

In addition we explored an alternative approach to fabricate ZnO films as piezoelectric materials without
having to recur to high-cost deposition techniques, while circumventing the challenges posed by the for-
mation of metallic contacts to vertically aligned nanowires. The suggested method results in highly-tex-
tured ZnO films with columnar structure that can readily be implemented into any micromechanical
structure (fig. 1) providing a means for large-scale applications and a facile, inexpensive and rapid appro-
ach to piezoelectric films,  up to several μm thick. This method is based on the already-known and widely-
employed hydrothermal growth technique, and apart from its low cost and compatibility with standard
microfabrication techniques at wafer scale, it has the additional advantages that it is conducted at low
temperatures (T<120oC), it is non-hazardous and environmentally-friendly.

In order to verify the applicability of the suggested method to wafer-scale and to examine its full com-
patibility with standard MEMS fabrication steps, ZnO nanostructured films were grown on top of inter-
digitated electrodes (fig. 4) as proof-of-concept devices. The I-V characteristics of the films examined
through the IDE-devices are summarized in fig.4, where also the electrical behaviour of the bare seeding
layer is included as reference. It can be seen that the electrical behaviour of the developed films is rather
complex and cannot be related in a straightforward manner to the conditions of the hydrothermal growth.

Upon close examination of the hydrothermally grown films, it became evident that the electrical charac-
terization can be employed to provide an indirect insight on the structural quality of the films. Further in-
vestigation is though required in order to fully assess how the I-V measurements can be used for the
evaluation of the hydrothermal method, since only one growth parameter (namely the concentration) was
studied via the electrical measurements. 

Figure 1 SEM photographs of grown nanostructured ZnO films (a) in various patterns showing the applicability of the me-
thod to any kind of structure at the wafer-scale, and (b) plan view of a hydrothermally grown film. Inset: cross-section sho-

wing that the films can be developed to several μm-thick structures.

(a) (b)
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PROJECT OUTPUT IN 2010

Publications in International Journals

1. “Growth of ZnO nanorods on patterned templates for efficient, large-area energy scavengers”, G. Niarchos, E.
Makarona and C. Tsamis , Journal of Microsystem Technologies, 16, 669–675, 2010

Conference Presentations

1. “Low-cost ZnO Nanorod Arrays for Nanogenerators of Improved Conversion Efficiency”, G. Niarchos, E. Makarona,
C. Tsamis, Poster Presentantion at the 36th International Conference on Micro and Nano Engineering 19-22 Se-
ptember 2010 Genoa (Italy)

Figure 4 I-V characteristics of the hydrothermally grown films on top of the Au IDEs for 15min at 89oC compared to the
bare seeding layer (black squares). Concentrations used: 300mM (circles), 400mM (triangles), 500mM (diamonds) and

600mM (hexagons).Top Inset: typical optical microscope image of Au IDEs covered with a hydrothermally grown ZnO na-
nostructured film. Bottom Inset: SEM image of a hydrothermally grown film on top of the IDEs
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Project III.2: BIO-MICROSYSTEMS

Project Leader: K. Misiakos

Key Researchers: I. Raptis, E. Gogolides. A. Tserepi, H. Contopanagos

Research Associate: D. Goustouridis

Post-doctoral scientists: E. Makarona

Research Engineer: Athanasios Botsialas

External Collaborators: S.E. Kakabakos (IRRP/NCSRD), P.Petrou (IRRP/NCSRD)

Graduate Students: Alex Salapatas, Ioannis Arxontas 

Objectives:

– Development of bioanalytical lab-on-a-chip devices based on monolithic optoelectronic transducers (bi-
oactivated optocouplers).

– Development of monolithically integrated interferometric biochips for label-free biosensing

– Development of white light interferometric setup for label free monitoring of biomolecular reactions.

– Develop highly sensitive and/or label free assays suitable for point of care applications

Funding:

– EU, FP7-ICT, STREP, “PYTHIA”, Monolithically integrated interferometric biochips for label-free early
detection of human diseases (start 01-05-2008, duration 42months), www.pythia-project.eu

EXAMPLES OF RESEARCH RESULTS IN 2010

A: Development of white light interferometric setup for label-free monitoring of biomolecular reac-
tions.

A method was developed for label-free protein-protein binding based on the protein induced contrast
modulation of the microscope image of a patterned silicon substrate. An oxidized (100 nm SiO2) silicon
wafer was patterned through photolithography and etching of the oxide in buffered HF solution, so that
a chessboard pattern was created. Then, the wafer was placed in a fluidic structure consisting of two Al

plates, a PDMS gasket, and plastic tubing. The top Al
plate had a quartz window so that the silicon pattern
could be monitored on real time while biomolecular so-
lutions were pumped through the fluidic channels, (Fig.
1). The monitoring was performed by placing the Al pla-
tes on the microscope chuck, focusing through the
quartz window on the silicon patterned surface and by
filtering the microscope light in the blue (426-475 nm).
Before the fluidic structure application, the wafer was
silanized with APTES and coated with biotinylated Bo-
vine Serum Albumin. Then it was dried, inserted in the
fluidic structure and placed under the microscope while
a micropump was supplying streptavidin solutions. The
reflection coefficient of the solution-protein-oxide-
silicon stack is a function of the oxide-protein combined
thickness. The derivative of the reflection coefficient

with respect to the protein thickness depends on the wavelength range employed and the oxide thic-
kness. These parameters are chosen to maximize the derivative magnitude on the oxide areas. On the con-
trary, on the bare silicon spots where the oxide was removed, the reflection coefficient is at its maximum
value and barely changes upon binding. For the parameters employed here, the oxidized areas increase
their reflection coefficient upon streptavidin binding and approach the reflectivity of the bare areas. As a
consequence, the contrast of the chessboard pattern drops during the experiment and the magnitude of

Fig. 1: Aluminum plates with a light window enclosing
the patterned PDMS gasket with the four independent
fluidic channels. Also shown are the four fluidic inlets.
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the drop is a measure of the progress of the biomolecular reaction. After the experiment, the digital files
of the pictures taken by the digital microscope camera (OLYMPUS DP71) were processed through Fast
Fourier Transform to isolate the contrast factor with the highest possible resolution.  The present method
is the real space equivalent of the wavevector domain analysis of reflectivity by employing white light re-
flectometry.

B: Monolithically integrated interferometric biochips for label-free biosensing

The progress of integrated optical structures, such as waveguides and gratings, has allowed the imple-
mentation of various evanescent wave sensors which found wide application in real-time monitoring of
biomolecular interactions offering high sensitivity, and fast response time. Among the evanescent field sen-
sors, the Mach–Zehnder Interferometric (MZI) biosensor is one of the most promising devices due to its
high sensitivity and accuracy. In the framework of the PYTHIA project a novel approach, Broad-Band
Mach-Zehnder Interferometry (BB-MZI) (fig. 2a) is explored as an alternative operation principle based
on a monolithically integrated biosensor array that is fabricated by standard silicon technology. This
radical concept is suitable for the early diagnosis of human diseases through the label-free, multi-ana-
lyte detection of gene mutations and proteins.

The PYTHIA optoelectronic transducer is based on the monolithic optocoupler platform that has been de-
veloped at the Institute of Microelectronics and consists of waveguide coupled to a VIS-NIR light source and
a photodetector. The waveguide is patterned to a Mach-Zehnder interferometer and its principle of opera-
tion is the spectroscopic interference due to the optical path difference originating by biochemical events.
This way all necessary active and passive optical components are integrated on the same chip resulting in a
miniaturized optoelectronic lab-on-a-chip. The integrated nature of the basic biosensor scheme allows for
the development of arrays tailored to specific diagnostic applications. Each biosensor array is comprised of
individually functionalized light source/optical waveguide series coupled to a single detector for multiplexing
operation. Encapsulation with an appropriately designed microfluidic system allow for the easy delivery of
the samples to be analyzed and ensure the facile contact with the external low-noise electronic components.
The encapsulated array will be fixed on a cartridge (fig. 2b), ready to be manually inserted to its final posi-
tion in the housing, where it will be directly connected to the optical and electrical interconnects.

The PYTHIA opto-electronic transducer was realized based on the theoretical light propagation studies and
fulfilling all specifications set at the beginning of the project and related to chip size, multi analyte detec-

tion capabilities and sensing performance. In particular, 4inch
wafers with PYTHIA biochips hosting 10 Broad-Band Mach-
Zehnder Interferometers self-aligned to ten LEDs and a com-
mon PhotoDetector were successfully fabricated. Each chip
has a size of 9.26X4.00mm2 (fig. 3) which is the smallest
multi-sensing truly integrated optical transducer ever
made. The design was based on extensive simulations and
comprised of many novel waveguide engineering features that
allow for on-chip mode and polarization selection and low
transmission losses. Optical evaluation of the optoelectronic
transducer revealed the monomodal light propagation that is
necessary for the biosensing applications targeted. Through

Figure 2: a) Cross section of the basic sensor concept with the integrated light source, planar waveguide (sensing arm) and
photodetector. b) Schematic of the fully-integrated biosensor with an array of BB-MZI devices

(a) (b)

Fig. 3: Functionalized Fully Integrated PYTHIA
chip (9.26X4.00mm2) with the flow cell on top
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extensive 2D and 3D optical simulation it was proved that the suggested approach is a promising sensing
concept for truly integrated highly sensitive label-free optoelectronic transducers, fig. 4. In addition the si-
mulation work revealed some design considerations that may affect the sensing performance of the sug-
gested concept.

First experiments with total-PSA, which is one of the targeted applications, showed the ability of the PY-
THIA devices to detect analyte concentrations ranging from 5 to 100 ng/ml in serum, fig. 5.

The progress in the design and fabrication of the biochip along with the preliminary results obtained so
far are convincing that the PYTHIA biochip and measuring apparatus will be able to diagnose diseases at
an early stage, determine whether one will suffer from hereditary diseases and provide head-up warnings
for one’s well-being.

C. Microfluidics and Microarrays 

I. Deep plasma etching and bonding were implemented for the fabrication of PMMA microfluidic devices
for on-chip affinity chromatography. Chromatography columns using TiO2 as stationary phase were
used for phosphopeptide separations (Fig. 6a). 

II. A low-cost continuous flow microfluidic device (Fig.6b) with integrated microheaters was designed and
fabricated on a thin flexible polymeric substrate (Pyralux polyimide, PI), in order to perform DNA am-
plification on chip at fast amplification rates 

III. A low-cost and high throughput process was demonstrated for nanoscale protein patterning on oxidi-
zed Si substrates based on colloidal lithography and plasma processing to define the spots (< 300

Fig. 4: Simulated TE00 output spectra of a BB-MZI during an
immunoassay sequence. Circles: PBS buffer solution; Trian-
gles: coating with antibody (effective adlayer thickness 4nm,
n=1.45); Squares: blocking (increase in effective adlayer thic-
kness to 5nm, n=1.45); Diamonds: binding of protein ana-

lyte (increase in effective adlayer thickness to 5nm)

Fig. 5: Real-time signal from chips coated with a mouse mo-
noclonal antibody against total-PSA during reaction with PSA
calibrator solutions of 5, 50 and 100ng/ml in serum. Base-

line was obtained by running zero calibrator.

Fig. 6: (a) Phosphopeptide Chromatogram from a PMMA chromatographic microcolumn
(b) Part of a continuous flow PCR microfluidic device fabricated on the top side of a flexible Cu-clad PI substrate

(a) (b)
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nm) where proteins were selectively adsorbed (Fig. 7). Such nanoscale immobilized proteins can be
successfully integrated into BioMEMS and microanalytical systems.

Detailed description of the above can be found in Project I.2 Micro and Nanofabrication using lithogra-
phy and plasma etching. 

PROJECT OUTPUT IN 2010

Publications in International Journals

1. “Regenerable flow-through affinity sensor for label–free detection of proteins and DNA” Zavali M, Petrou PS, Go-
ustouridis D, Raptis I, Misiakos K, Kakabakos SE, J. Chromatograph. B 878, 237(2010)

2. “Biomolecular Layer Thickness Evaluation using White Light Reflectance Spectroscopy” Kitsara M, Petrou P, Kon-
tziampasis D, Misiakos K, Makarona E, Raptis I, Beltsios K, Microelectron. Eng. 87 802(2010)

3. “Integrated optical frequency-resolved Mach-Zehnder interferometers for label-free affinity sensing” Kitsara M,
Misiakos K, Raptis I, Makarona E, Optics Express 18, 8193(2010) 

4. “Electrochemical biosensor microarray functionalized by means of biomolecule friendly photolithography” Mir
M, Dondapati SK, Duarte MV, Chatzichristidi M, Misiakos K, Petrou P, Kakabakos SE, Argitis P, Katakis I, Biosen-
sors & Bioelectronics    Volume: 25    Issue: 9    Pages: 2115-2121, 2010

5. "Dual-cardiac marker capillary waveguide fluoroimmunosensor based on tyramide signal amplification" Niotis AE,
Mastichiadis C, Petrou PS, Christofidis I, Kakabakos SE,Siafaka-Kapadai A, Misiakos K, Analytical and Bioanalytical
Chemistry, Volume: 396,3, Pages: 1187-1196, 2010

6. "Fully integrated monolithic optoelectronic transducer for real-time protein and DNA detection: The NEMOSLAB
approach" Misiakos K, Petrou PS, Kakabakos SE, Yannoukakos D, Contopanagos H, Knoll T, Velten T, DeFazio M,
Schiavo L, Passamano M, Stamou D, Nounesis G, Biosensors & Bioelectronics, Volume 26,4, pages: 1528-
1535,2010

Conference Papers

B 1. “Monolithically integrated broad-band Mach-Zehnder interferometer arrays for real-time label-free monitoring
of biomolecular interactions” Kitsara M, Misiakos K, Raptis I, Stoffer R, Petrou PS, Kakabakos SE, Makarona E,
EuroPtrode 2010 (Prague, Czech Republic, 03/2010) 

B 2. “Characterization of ultra thin biomolecular layer stacks via white light reflectance spectroscopy” Kitsara M, Ra-
ptis I, Botsialas A, Kontziampasis D, Misiakos K, Petrou PS EuroPtrode 2010 (Prague, Czech Republic, 03/2010)

B 3. “Monolithically Integrated Biosensors based on Frequency-Resolved Mach-Zehnder Interferometers for Multi-
analyte determinations” Petrou PS, Kitsara M, Makarona E, Raptis I, Kakabakos SE, Stoffer R, Jobst G, Misiakos
K 32nd Annual Int. Conf. IEEE EMBS (Buenos Aires, Argentina, 09/2010)

Invited Presentations

I 1. “Monolithically integrated photonic lab-on-a-chip platform for chemical and biological applications”, Raptis I,
Makarona E, Kitsara M, Petrou PS, Kakabakos S, Misiakos K Micro & Nano Engineering 2010 Conf. (Genoa, Italy,
09/2010)

I 2. “Monolithically integrated photonic lab-on-a-chip platform for biological applications”, Raptis I, Makarona E, Pe-
trou P, Kakabakos S, Misiakos K BioPhotonics 2010 Concertation meeting (Brussels, Belgium, 11/2010)

I 3. “Lab on a chip bioanalytical devices based on silicon optocouplers” K. Misiakos, Colloquium Lectures, Depar-
tment of Physics, University of Crete, December 16, 2010.

Msc Thesis

Ioannis Arhontas,Title : Label free bioanalytical determinations in real time based on the monitoring of the periodic
pattern contrast on oxidized silicon, Name of supervisor K. Misiakos 

Defended at SEMFE (NTUA), Master Thesi,. November 2010

Fig. 7. Confocal Microscopy fluorescence image after 
selective protein immobilization on 300 nm SiO2 
(red spots) and reaction with AF-546 labeled streptavidin



P
R

O
G

R
A

M
 I

II

82

Project III. 3: THIN FILM DEVICES for LARGE AREA 
ELECTRONICS

Project leader: Dr. D.N. Kouvatsos

Collaborating researchers from other projects: Dr. D. Davazoglou.

Postdoctoral researchers: Dr. D.C. Moschou, Dr. G.P. Kontogiannopoulos.

External collaborators: Dr. G.J. Papaioannou (University of Athens), Dr. C. Dimitriadis (University of Th-
essaloniki), Dr. N. Stojadinovic (University of Nis), Dr. A.T. Voutsas (Sharp Laboratories of America), Dr.
F.V. Farmakis (Heliosphera).

Funding

- Sharp Labs of America grant, 2003 – 2005.
- Two GSRT bilateral Greece-Serbia projects, 2003 – 2007.
- PENED contract, project code 03ED550, 2005 – 2009.
- One postdoctoral fellowship (Dr. Moschou), 2010 – 2012.
- Currently, participation in IMEL cooperation project with Heliosphera (initiation in 2010). Two further

proposals are under evaluation.

Objectives

This research aims at the optimization of the active layer of polysilicon films obtained using advanced ex-
cimer laser crystallization methods and of the resulting performance parameters of thin film transistors
(TFTs) fabricated in such films. Such advanced TFTs are necessary for next generation large area electro-
nics systems, which are now in the research and development phase. Specifically, the targets of the pro-
ject are:

- Evaluation of device parameter hot carrier and irradiation stress-induced degradation and identification of
ageing mechanisms in TFTs fabricated in advanced excimer laser annealed (ELA) polysilicon films with se-
quential lateral solidification (SLS).

- Investigation of the influence of the crystallization technique and the film thickness on TFT performance,
defect densities and degradation for technology optimization.

- Investigation of effects of variations in TFT device structure and in the fabrication process on device per-
formance and reliability.

- Investigation of polysilicon active layer defects using transient drain current analysis in ELA TFTs.
- Assessment of material properties of ELA poly-Si TFTs using optical measurements.

MAIN RESULTS IN 2010
Task 1: Characterization of SLS ELA TFTs

Advanced polycrystalline silicon thin film transistors, such as devices fabricated at very low temperatures
using sequential lateral solidification excimer laser annealing techniques, are essential for large area elec-
tronics and high performance flat panel displays. The objective of this task is the characterization of poly-
Si TFTs having various technologically important structures and crystallized with different SLS ELA
variations, as well as the determination of process parameters that affect device performance. We have stu-
died the effect of the TFT active region film microstructure, relating the film characteristics themselves
with the electrical performance and reliability characteristics of the TFTs. During 2010 we continued work
on single gate SLS ELA TFTs that had been described in the previous two years and we elaborated, in new
publications, on the use of the parameter Vg,max-Vth for the straightforward estimation of polysilicon active
layer trap density. Moreover, we evaluated the TFT degradation model described last year and determined
the dominant mechanisms for width dependent TFT degradation under various bias conditions (Konto-
giannopoulos et al, IEEE Transactions on Electron Devices, ED-57 (6) 1390, June 2010). For both stress con-
ditions (VGS,stress = VDS,stress and VGS,stress = Vth) the channel width was found to affect the intensity and not
the mechanism of the device degradation; the degradation occurs faster: i) for wider devices at the con-
dition VGS,stress = VDS,stress (damage caused mainly by carrier trapping in the oxide through channel hot elec-
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tron injection, CHE), ii) for narrower devices at the condition VGS,stress = Vth (damage caused mainly by
drain avalanche hot carriers inducing interface state generation, DAHC). The defective region length ΔL was
found to be width depended, with a different dependency for each stress regime. Table I qualitatively sums
up the main results of the investigation of width dependent SLS ELA TFT degradation.

By plotting the extracted increase of ΔVth versus the
increase of |ΔGm,max/Gm,0| (Fig. 1) for the devices
with W = 16 μm and 32 μm stressed at VGS,stress =
Vth or at VGS,stress = VDS,stress (in the latter condition, this increase refers to the differences of threshold vol-
tage and transconductance values compared to the values at the onset of CHE injection), it is noticed that
there is a common degradation mechanism for all TFTs of different widths for each stress condition that
depends only on the relative values of ΔVth and ΔGm,max. As it is noticed, for the stress condition VGS,stress =
VDS,stress, larger ΔVth shifts are present for the same |ΔGm,max/Gm,0| variations compared to the case of the
stress condition VGS,stress = Vth. Furthermore, for VGS,stress=VDS,stress there is not a linear dependence (i.e.
slope ≈1) between the threshold voltage variation and the transconductance degradation in the tested de-
vices and as a result the uniform model of damage cannot be applied.

Task 2: Investigation of double gate TFTs

The presence of a second gate in advanced SLS ELA polysilicon TFTs offers additional possibilities, which
cannot be realized with standard top or bottom gate devices, such as the control of TFT electrical para-
meters by appropriately biasing the bottom gate. During 2010, as the characterization of single gate TFTs
made with the same technology was being completed, we continued the investigation of double gate TFTs
with the aim of modeling their operation. These double gate devices currently being measured have va-
rying lengths of both gates. Our scope is to determine the role of both gate lengths on TFT performance
and electrical characteristics, probing possible short channel effects. For the purposes of the characteri-
zation and modeling of double gate TFTs, during 2010 we have secured a postdoctoral fellowship (Dr.
Moschou), which began in February 2011. We have also initiated collaboration on DG TFTs with the Uni-
versity of Thessaloniki, where additional capabilities, such as cryogenic measurements, will be utilized.

Task 3: Material / optical characterization

The object of this work was to probe the optical properties of advanced SLS ELA poly-Si films. We em-
ployed three optical characterization techniques: UV-visible spectroscopy, spectroscopic ellipsometry and
XRD analysis. Utilizing the Tauc-Lorentz model we obtained the film refractive index from UV-visible spec-
troscopy data and observed the much different behavior of the advanced SLS ELA films from a-Si ones. The
significant difference of our films from also c-Si was probed through ellipsometry. Film XRD analysis sh-
owed a prevailing peak angle for all films at around 21.5o, which, according to literature, corresponds to
a Si modification named allo-Si. XRD spectra were acquired both from the front and from the back side
of the samples, in order to ascertain that this prevailing peak is not an effect from the substrate. Indeed,
front and back spectra (Fig. 2) show a difference with a prevailing peak at the aforementioned angle, thus
verifying that this peak is not a substrate artifact. The above indicate that possibly SLS-ELA Si films have a
crystallographic structure similar to allo-Si (grapheme-like), thus explaining the extremely high mobility
values measured for TFTs fabricated in such films.

Fig. 1. Threshold voltage variation versus percentage varia-
tion of the maximum of transconductance for the tested ge-

ometries. Both stressing conditions are shown 
(VGS,stress = VDS,stress, VGS,stress = Vth).

TABLE I

Stress Condition

(Degradation

Mechanism)

VGS,stress = Vth

(DAHC)

VGS,stress = VDS,stress

(CHE)

Main reason of

degradation 

mechanism 

enhancement

Drain-induced

barrier lowering

(DIBL)

Self-heating 

effects (SHE)

Enhancement of

degradation as

the channel

width becomes

Narrower (W↓) Wider (W↑)
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We continued our previous work studying SLS ELA polysilicon thin film microstructure, trying to further
support this conclusion. We believe that the rapid melting and re-crystallization of the film could possibly
cause mechanical stresses that modify the Si structure to this allo-Si form. Indeed, profilometry measure-
ments showed that SLS ELA samples featured significant deflection. From this film deflection the applied
stress was calculated through the relationship given by Glang et al (Rev. Sci. Instrum., 7 (1965) 36-1). Si-
gnificant stress values were calculated for all of our SLS LA samples (Fig. 3), quantitatively supporting our
assumption for mechanical stresses within the films. This could, also, be the reason for the broadness of
the corresponding XRD peak.

In order to verify the presence of mechanical stresses within our samples we proceeded to their Raman
analysis. We recorded their Raman spectra and extracted for each sample its Raman shift (Δω) and Raman
linewidth (Γ). The plot of these Raman parameters and their comparison to documentation results can
show whether there are mechanical stresses present in the studied films. Indeed, comparisons of our
sample results to documentation results for several different weighting functions (Fig. 4) and different
grain shapes (Fig. 5) revealed big differentiation for SLS ELA thin films, attributed again to mechanical
stresses. We are currently studying further these results so as to clarify their exact meaning.

Fig. 2: XRD spectra for the three differently crystallized
SLS ELA polysilicon films acquired both from the front

and from the back side.

Fig. 3: SLS ELA film stress σ calculated by profilometry.

SAMPLE Stress σ (dynes/cm2)

Directional top 4.68×1010

Directional bottom 7.65×109

2-shot top 7.29×1010

2-shot bottom 1.21×1011

26-shot top 6.69×1010

26-shot bottom 1.07×1011

Fig. 4: Raman spectra results (Raman frequency shift
Δω vs Raman linewidth Γ) for the three differently
crystallized SLS ELA polysilicon films compared to
equivalent documentation results for poly-Si films

with three different weighting functions.

Fig. 5: Raman spectra results (Raman frequency shift
Δω vs Raman linewidth Γ) for the three differently
crystallized SLS ELA polysilicon films compared to
equivalent documentation results for poly-Si films

with three different grain shapes.
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PROJECT OUTPUT IN 2010

Publications in International Journals

1. Moschou, D.C., Kontogiannopoulos, G.P., Kouvatsos, D.N., Voutsas, A.T., “On the importance of the 
Vg,max-Vth parameter on LTPS TFT stressing behavior”, Microelectronics Reliability 50 (2), 190, February 2010.

2. Kontogiannopoulos, G.P., F.V. Farmakis, D.N. Kouvatsos, G.J. Papaioannou and A.T. Voutsas, “A Practical Model
Assessing the Degradation of Polycrystalline Silicon TFTs due to dc Electrical Stress”, IEEE Transactions on Electron
Devices ED-57 (6), 1390, June 2010.

3. Despina Moschou, Nikolaos Vourdas, Dimitrios Davazoglou, Dimitrios Kouvatsos, Vassilis Emm. Vamvakas and
Apostolos Voutsas, “On the optical properties of SLS ELA polycrystalline silicon films”, Microelectronic Enginee-
ring, in press.

4. Despina Moschou, Filippos Farmakis, Dimitrios Kouvatsos and Apostolos Voutsas, “Vg,max - Vth: A new electrical ch-
aracterization parameter reflecting the polysilicon film quality of LTPS TFTs”, Microelectronic Engineering, in press.

5. Michalas, L., M. Koutsoureli, G.J. Papaioannou, D.N. Kouvatsos and A.T. Voutsas, “Hydrogen passivation on se-
quential lateral solidified polysilicon TFTs”, Microelectronic Engineering, in press.

International Conference Presentations

6. Despina Moschou, Filippos Farmakis, Dimitrios Kouvatsos, & Apostolos Voutsas, “Vg,max - Vth: A new electrical ch-
aracterization parameter reflecting the polysilicon film quality of LTPS TFTs”, 4th International Conference
(Micro&Nano 2010) on Micro- Nanoelectronics, Nanotechnologies and MEMs, NCSR Demokritos, Athens, 12-15
December 2010.

7. Despina Moschou, Nikolaos Vourdas, Dimitrios Davazoglou, Dimitrios Kouvatsos, Vassilis Emm. Vamvakas, &
Apostolos Voutsas, “On the optical properties of SLS ELA polycrystalline silicon films”, 4th International Conference
(Micro&Nano 2010) on Micro- Nanoelectronics, Nanotechnologies and MEMs, NCSR Demokritos, Athens, 12-15
December 2010.

8. Michalas, L., M. Koutsoureli, G.J. Papaioannou, D.N. Kouvatsos and A.T. Voutsas, “Hydrogen passivation on se-
quential lateral solidified poly-Si TFTs”, 4th International Conference on Micro- and Nanoelectronics, Nanotechno-
logy and MEMS (MicroNano 2010), Athens, Greece, December 2010.
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PROJECT III.4: CIRCUITS & DEVICES FOR SENSOR NETWORKS
& SYSTEMS

Project Leaders: S.Chatzandroulis, H.Contopanagos
PhD Candidates: P. Broutas
Post. Grad. Students: G. O. Hazapi
External Collaborators: E.D. Kyriakis-Bitzaros

Objectives

The main objective of the activity is the development of the necessary technologies for future sensor net-
works and systems. In the context of this objective the research targets of sensor readout, wireless tele-
metry, RF remote powering in the near as well as the far field are pursued. Special consideration is given
in operation within a spacecraft environment as well as in integration and packaging.

Funding

ESA Contract No. 21339/08/NL/GLC “Remote RF Powering and Passive Telemetry Link for a Wireless Strain
Sensor System”

Subcontracting under ESA Contract No. ESTEC 22322/09/NL/CBI entitled “Hardware architecture deve-
lopment for FEC encoding/decoding support” with Analogies S.A 

MAIN RESULTS IN 2010 

Wireless telemetry and RF remote powering of sensor tags 

Remote monitoring networks often require the development of batteryless sensor nodes that harvest
energy from the environment, i.e vibration and incident RF power. RF power harvesting tags have the ad-
vantage that RF fields can be generated by controlled base stations, thus providing a more stable power
supply. In this activity a passive smart sensor tag is being developed. The tag comprises a power harve-
sting unit that accumulates energy for the circuitry to operate. Each node accommodates a low power mi-
crocontroller that is responsible for sensor measurement and data transmission. The system (Fig. 1.)
operates in the 430MHz band requiring a minimum input RF power of -5.8dBm. 

The antenna of the tag is a slotted PIFA-type geometry connected to the PCB bottom metal (ground) th-
rough a shorting pin and fed with a properly designed microstrip on the top PCB metal. The feed and sh-
orting pins support the antenna very close to the ground plane, only at a distance of 1 cm. This approach
results in a very compact antenna which is embedded within the system’s PCB and the whole device can
be conformally packaged. At the same time the antenna has been optimized, by minimizing size in con-
junction with optimizing the slots’ positions, width, length and shape as well as pin coordinates, for bro-
adband operation, eliminating the danger of detuning when the system is in close contact with other
entities. Thus the tag could be attached to metal and concrete structures in infrastructure monitoring ap-
plications for example. 

The performance of the system was simulated using the commercial Method-of-Moments (MoM) full
wave simulator Designer. The system’s simulated return loss is shown in Fig. 2, along with the corre-
sponding measurement performed using an Anritsu Lightning Vector network Analyzer and a 50-Ohm RF
port. It should be noticed that there is excellent agreement between simulations and measurements th-
roughout the frequency range covered. In addition the bandwidth of the antenna, at the demanding level
of -10 dB, is 60 MHz, or 14%. This is about twice the bandwidth achievable with a patch antenna, while
the latter is much larger than the system of this sensor tag in all dimensions.
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In order to evaluate the remote powering link in open space a room that is 11 m long, 3 m high and 8.6
m wide was selected. A commercial transceiver that outputs 200 mW (23 dBm) at 430 MHz was attached
to a 430 MHz resonant dipole antenna in order to power the tag with the PIFA antenna remotely. The tag
controller was programmed to output a pulse train with a 32 kHz clock as in bench measurements. The
transceiver and the tag were placed in line in the middle of the room. Then an oscilloscope was used in
order to capture the output pulse trains. It should be noted that at distances longer that 4 m the micro-
controller outputs only one pulse between charging cycles. At such distances the storage capacitor char-
ging rate is lower than capacitor discharging due to microcontroller operation. Thus, the voltage controlled
switch is turned off quickly. At distances from 4 to 2 meters the tag operates for time intervals of 20 ms
between charging cycles and at distances lower than 2 meters the controller is continuously on due to
ample power available at the antenna terminals.

FPGA implementation of embedded and complex systems

A Reconfigurable capacitive sensor array interface comprised of a subsystem able to read an array of ca-
pacitive type sensors and an embedded processor has been designed and implemented.The system is in-
tended to be a smart interface for capacitive sensor arrays. Each sensor is connected to a ring oscillator,
which translates capacitive changes into a variable frequency pulse train. Analysis of the oscillator beha-
vior including all parasitic elements has been performed and the use of a Schmitt trigger at the inverter
chain is proposed to assure oscillation for capacitance values ranging from 1 pF to 1500 pF. The oscilla-
tion frequency is estimated by using a 16-bit counter and the appropriate user-defined counting interval
ranging from a few microseconds to several seconds in order to achieve maximum accuracy within the
entire capacitance range. The two byte word thus produced can be sent to a host computer through a se-

Fig. 1.   Sensor node circuit implementation with the PIFA 
antenna attached to it.

Fig. 2.   Simulated (1) and measured (2) return loss of the 
optimized antenna

Fig. 3.  Demonstration of charging and operation cycles
at an input power level of -2.5 dBm. The envelope of the
pulse trains corresponds to the voltage level at the regu-

lator output.

Fig. 4.  Charging time for a capacitor array of 20 uF as a func-
tion of distance. The reader station emits 23dBm at 430

MHZ with a resonant dipole antenna.
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rial or parallel interface for further processing. To demonstrate the concept a 16-channel interface has
been described in a Hardware Description Language (HDL) and implemented on a Complex Program-
mable Logic Device (CPLD). Measurement of two different capacitive pressure sensors developed in-
house reveals frequency sensitivity values of –252.1 Hz/fF and –9.54 Hz/fF, which are in good agreement
with the expected values derived by the analytic relations.

PROJECT OUTPUT IN 2010

Publications in International Journals and Reviews

1. E. D. Kyriakis-Bitzaros, N. A. Stathopoulos, S. Pavlos, D. Goustouridis and S. Chatzandroulis, “A Re-
configurable, Multi-Channel Capacitive Sensor Array Interface”, IEEE Transactions on Instrumentation
& Measurement, accepted for publication

Figure 5. Oscilation frequency versus capacitance Cs Figure 6. Sensor capacitance and oscillation frequency 
vs pressure for two in-house developed capacitive-type 

pressure sensors.
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PROJECT III.5: PHOTONIC CRYSTALS, METAMORPHIC MATE-
RIALS AND NOVEL RF SYSTEMS

Project Leader: H. Contopanagos 

External Collaborators: C. Kyriazidou, N. Alexopoulos (Broadcom Corporation, Irvine, USA); I. Ndip (Fra-
unhoffer-Gesellschaft, Berlin, Germany) J. Mosig, A. Skrivervik (EPFL, Lausanne,
Switzerland)

Objectives

To design, optimize and fabricate photonic crystals and frequency-agile metamaterials (metamorphic ma-
terials) to be used as electromagnetically active filters and substrates/superstrates for novel embedded an-
tenna architectures and other systems (filters, waveguides and resonators) operating in the
microwave/mm-wave region, for applications in novel RF transceivers.

MAIN RESULTS IN 2010

60 GHz Meta-antennas for 3-dimensional heterogenous integration onto on-chip radio transceivers

The millimeter-wave range is gaining increasing interest for current and future communication systems.
Of particular interest is the 60 GHz region, where up to 9 GHz of bandwidth world-wide is available, for
wireless local and personal area networks, high-speed data synchronization for PDAs and gigabit strea-
ming for HD video and home entertainment systems. Systems must ensure miniaturization and efficient
integration in close proximity of other system components while ensuring electromagnetic reliability.

Low profile patch antenna configurations have been demonstrated as single elements and in arrays on con-
ventional substrate materials for manufacturing with printed circuit boards allowing low cost fabrication.
These suffer from severe bandwidth limitations as well as mutual coupling effects between array elements
impairing beam-steering. These factors, combined with the need for high array directionality and low sub-
strate thickness make package integration of planar antennas quite challenging for 60-GHz radio applica-
tions. To overcome these limitations, artificial materials with tailored permittivity and permeability
(metamaterials) are promising as substrates for planar antenna configurations. Regarding the integration
of metamaterials in a compact mm-wave system and their influence on antenna performance there have
been little efforts. To date, no systemic design and integration approach exists. Furthermore, since artifi-
cial metamaterials rely on resonance properties, their sensitivity to technological fluctuations is critical. 

This project relies on two fundamental physical concepts: Realization of on-package integrated metama-
terials operating as  Artificial Magnetic Conductors (AMC) and Surface Wave Suppressors (SWS), and de-
sign and integration of  antennas and arrays on these metamaterial chip packages, so that the resulting
systems

(1) Overcome the bandwidth limitations of conventional planar antennas integrated within the very
thin 60-GHz radio package form-factors and simultaneously radiate on the broadside half-space.
Conventional antennas get shorted when these constraints are imposed on them; and 

(2) Allow high system integration density in very low-profile configurations and improved array per-
formance by reducing undesired coupling and increasing scan-angle functionality. 

ARTIFICIAL MAGNETIC CONDUCTORS AMC’s are novel composite materials specifically designed to act
as shields that totally reflect electromagnetic radiation, similar to electric conductors, but having the op-
posite property regarding the phase of the reflection coefficient S11, i.e., S11(ƒ) ≈+1  for a specific band of
frequencies {f}. AMC’s amplify the tangential incident electric field by 100%, rather than canceling it as
electric conductors do, and they create images of electric charges and currents that have the same sign
as the original excitations that illuminate them. A homogeneous material satisfying this property on its sur-
face would imply a conductor having “magnetic charges”, which do not exist in Nature, hence natural ho-
mogeneous materials do not behave as AMC’s. There are, however, artificial composite materials that do
exhibit this property, which is why AMC’s are a unique class of metamaterials. 

Fig. 1 shows the response of a prototype AMC, scaled at the Ka-band, designed and measured at IMEL.
The measurements (and corresponding simulations) are using a Ka-band rectangular waveguide and the
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metamaterial is excited by the dominant TE10 mode, de-embedded up to the metamaterial surface. We no-
tice that the measurements are in excellent agreement with the theoretical simulations, demonstrating the
accuracy of our design capabilities, and that this artificial material reaches the AMC value of +1, making
it a Perfect Magnetic Conductor (PMC) at the frequency range of 30-31 GHz. The bandwidth of the AMC
is traditionally taken for frequencies satisfying Re(S11)≥0. This prototype shows that we can achieve large
AMC bandwidths approaching 40%.  In Fig. 1 (b) we show the corresponding power reflection and tran-
smission. We notice that the transmission is below -40 dB throughout the band, making this metamate-
rial a very effective AMC completely shielding the half-space behind it, appropriate for mm-wave
applications. 

OPTIMIZED 60-GHz META-ANTENNA DESIGNS We conclude this summary with a metamaterial appro-
priately co-designed with an optimized antenna to possess both broadband AMC and SWS functionality
simultaneously, the whole system integrated on a 3-layer package technology. The total package dimen-
sions are 1.8 x 3 x 0.3 mm3 or 0.36 x 0.6 x 0.06 λ0

3, where λ0 is the free-space wavelength at 60 GHz.  The
corresponding meta-antenna performance is shown in Fig. 2.

In Fig. 2a we present the impedance matching of this optimized system (for a 50-Ω port), which is excel-
lent and very broadband. The -10 dB bandwidth is 32%, extends from 53 GHz up to 73 GHz, and is 120%
larger than is required for 60GHz radio transceivers (including all operating bands world-wide). The total
radiation efficiency is 85-90% throughout this wide band, and a complete suppression of surface-wave
modes has been accomplished. The radiation patterns for this optimized meta-antenna are shown in Fig.
2b, where curves 1 and 2 correspond to the φ= 0 and φ= 90o cuts at 57 GHz while curves 3 and 4 are
the corresponding cuts at 68 GHz (package lies on the x-y plane). The gain reaches the very high value of
6.5 dBi in the forward direction for both frequencies with an excellent front-to-back ratio of 13 dB.

Fig. 1 (a) Reflection coefficient of a prototype broadband AMC manufactured on Rogers substrate: S11 (theoretical) = 1 + j3;
S11 (measured) = 2 + j4 ;  (b) Theoretical reflectivity (1) and transmittivity (3) vs. their experimental counterparts (2), (4).

Fig. 2 a) Return loss of an optimized on-package integrated meta-antenna. b) Realized gain G (υ) (dBi) of the system at 57
GHz, for φ= 0 (1) and φ= 90o (2) and at 68 GHz, for φ= 0 (3) and φ= 90o (4).
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8. Gogolides Ε.

9. Ioannou-Sougleridis V.
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ANNEX II: INFRUSTRUCTURE AT IMEL 

PROCESSING

Equipment Techniques/competences

Silicon processing laboratory in a clean room
area of 500 m2, equipped with the  following: 

� 4 laminar flow chemical benches

� 7 horizontal hot-wall furnace tubes

� 2 horizontal LPCVD tubes for nitride, oxide
(TEOS), polysilicon

� 1 horizontal LPCVD tube for LTO

� Ion Implanter (EATON medium current, 200
KeV)

� Optical lithography systems (resolution down to 0,6
μm)

� Reactive Ion Etcher 

� Metallization equipment 

� (thermal, e-gun evaporation, sputtering)

� Process inspection equipment 

Processing equipment not in clean room:

� High Density Plasma Etcher

� Different thin film deposition systems

� (Sputtering,  MOCVD)

� Nanopatterning technologies

� Plasma etching 

� Growth of metals and dielectrics 

� Growth of polycrystalline and nanocrystalline Si

� Growth of Si nanostructures embedded in a die-
lectric matrix, ordering of nanostructures 

� Fabrication of MOS capacitors and MOSFETs

� Nanocrystal non-volatile memories

� Micromachining, sensor fabrication, microflui-
dics

� Molecular materials and devices

� Thin film devices 

Equipment Techniques/competences

DC Electrical measurements

� 3 probe stations for waferlevel measurements

� HP measuring systems (4142B, 4084B, 8110A,
4140B, 4284, 4192A, 34401, 16500A)        

� Keithley measuring equipment (230, 220, 617,
195A, 6517A)                         

� Oxford cryostat for temperatures in the range
LN-320K                                 

� Janis low temperature wafer prober(4 probes)

� Cascade Microtech Summit 9101 Analytical
Probe Station for 150mm wafers                             

RFl measurements

� Anritsu 37269D Vector Network Analyzer
40MHz-40GHz

Optical

� Jobin Yvon spectrometer,wavelengths 300-
1600nm                                  

� Ar+ laser  

� HeCd 325 nm laser                                

� UV lamp with monochromator                   

� Oxford optistat cryostat, 4.2-320K                                 

� FTIR: Bruker, Tensor 27

Characterization of Dielectrics                   

� Admittance/Impedance measurements (10Hz-
1MHz, LN-400K)                                                            

� -V measurements (2 up to 4-terminal devices,
LN-400K)                                                                 

� Dielectric strength and charge-to-breakdown
measurements (ISO/IEC 17025)  

� Bias-Temperature-Stress measurements                                     

Characterization of MIS Devices              

� Admittance/Impedance measurements (1Hz up
to 1MHz, LN-400K)                                                             

� I-V measurements (2 up to 4-terminal devices,
LN-400K)                                                                

� Hot-carrier stress measurements        

� Bias-Temperature-Stress measurements    

EEPROM device characterization and reliability 
measurements   

Characterization of RF components  

Optical characterization                                         

� Absorption measurements, wavelength range UV-
VIS-IR
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Morphology, structural characterization

� JEOL JSM-7401F FEG SEM, Point-to-point reso-
lution below ~1nm 

� Leo 440 SEM with Elphy/Raith e-beam lithogra-
phy attachment

� AFM/STM (Veeco CP-II, NT-MDT)

� Stylus profilometer model XP-2 of Ambios Tech-
nology

Testing equipment

� Systems for testing of gas flow, gas pressure, ac-
celeration, humidity sensors, biosensors and sy-
stems, microfluidics testing etc.

Modeling and simulation software

� SILVACO tools for process and device modeling
(Athina and Atlas)

� Suprem and Pisces

� Floops and Floods

� Synopsis – Coventorware

� MATLAB-FEMlab

� Mentor graphics

� Photoluminescence (PL)                           

� Laser excitation: 325 nm, 457.8nm, 488nm,
514.5nm                                       

� Spectrometer: 350nm-1600nm           

� Electroluminescence (EL): 350nm-1600nm                                   

� Photocurrent-photovoltage (UV-VIS)    

� FTIR    

Characterterization of sensors                                         

� Gas sensors

� Microflow sensors

� Accelerometers

� Optical devices

� Biosensors

� Microfluidics      

Modeling and simulation                                        

� Process and device modeling

� RF modeling
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Publications in refereed Journals  

1. "High-density MIM capacitors with porous anodic alu-
mina dielectric", Hourdakis, E., Nassiopoulou, A.G,
IEEE Transactions on Electron Devices 57 (10), art. no.
5535075, pp. 2679-2683 (2010)

2. "Photoluminescence-induced oscillations in porous ano-
dic aluminum oxide films grown on Si: Effect of the in-
terface and porosity", Gardelis, S., Nassiopoulou, A.G.,
Gianneta, V., Theodoropoulou, M., Journal of Applied
Physics 107 (11), art. no. 113104 (2010)

3. "Smart" polymeric microfluidics fabricated by plasma
processing: Controlled wetting, capillary filling and hy-
drophobic valving”, Tsougeni, K., Papageorgiou, D.,
Tserepi, A., Gogolides, E., (2010) Lab on a Chip - Mi-
niaturisation for Chemistry and Biology, 10 (4), pp.
462-469.

4. “Plasma nanotextured PMMA surfaces for protein ar-
rays: Increased protein binding and enhanced detec-
tion sensitivity”, Tsougeni, K., Tserepi, A.,
Constantoudis, V., Gogolides, E., Petrou, P.S., Kakaba-
kos, S.E., (2010) Langmuir, 26 (17), pp. 13883-13891.

5. “Study of flow and pressure field in microchannels
with various cross-section areas”, Petropoulos, A., Kal-
tsas, G., Randjelovic, D., Gogolides, E., (2010) Micro-
electronic Engineering, 87 (5-8), pp. 827-829.

6. “Stable superhydrophobic surfaces induced by dual-
scale topography on SU-8”, Marquez-Velasco, J., Vla-
chopoulou, M.-E., Tserepi, A., Gogolides, E., (2010)
Microelectronic Engineering, 87 (5-8), pp. 782-785.

7. “Micro and nano structuring and texturing of polymers
using plasma processes: Potential manufacturing ap-
plications”, Gogolides, E., Vlachopoulou, M., Tsougeni,
K., Vourdas, N., Tserepi, A., (2010) International Jour-
nal of Nanomanufacturing, 6 (1-4), pp. 152-163.

8. “Plasma directed assembly and organization: Bottom-
up nanopatterning using top-down technology”, Vour-
das, N., Kontziampasis, D., Kokkoris, G., Constantoudis,
V., Goodyear, A., Tserepi, A., Cooke, M., Gogolides, E.,
(2010) Nanotechnology, 21 (8), art. no. 085302.

9. “Optimized surface silylation of chemically amplified
epoxidized photoresists for micromachining applica-
tions”, Kontziampasis, D., Beltsios, K., Tegou, E., Argi-
tis, P., Gogolides, E., (2010) Journal of Applied Polymer
Science, 117 (4), pp. 2189-2195.

10. “Stochastic modeling and simulation of photoresist
surface and line-edge roughness evolution”, Patsis,
G.P., Drygiannakis, D., Constantoudis, V., Raptis, I.,
Gogolides, E., (2010) European Polymer Journal, 46
(10), pp. 1988-1999.

11. “Effects of resist sidewall morphology on line-edge
roughness reduction and transfer during etching: is
the resist sidewall after development isotropic or ani-
sotropic?”, Constantoudis, V., Kokkoris, G., Gogoli-

des, E., Pargon, E., Martin, M., (2010) J. Micro/Na-
nolith. MEMS MOEMS Vol. 9, 041209

12. “Evolution of resist roughness during development:
Stochastic simulation and dynamic scaling analysis”,
Constantoudis, V., Patsis, G.P., Gogolides, E., (2010)
J. Micro/Nanolith. MEMS MOEMS Vol. 9, 041207

13. “Detailed resist film modeling in stochastic lithogra-
phy simulation for line-edge roughness quantifica-
tion”, Patsis, G.P., Drygiannakis, D., Raptis, I., (2010)
Microelectronic Engineering 87 (5-8), pp. 989-992.

14. “Simulation of shot noise effect on CD and LER of
electron-beam lithography in 32 nm designs”, Patsis,
G.P., Tsikrikas, N., Drygiannakis, D., Raptis, I., (2010)
Microelectronic Engineering 87 (5-8), pp. 1575-1578.

15. “Multiscale modeling in chemical vapor deposition
processes: Coupling reactor scale with feature scale
computations”, Cheimarios, N., Kokkoris, G., Bou-
douvis, A.G., (2010) Chemical Engineering Science,
65 (17), pp. 5018-5028

16. “Entropy analysis of natural language written texts”,
Papadimitriou, C., Karamanos, K., Diakonos, F.K.,
Constantoudis, V., Papageorgiou, H., (2010) Physica
A: Statistical Mechanics and its Applications, 389
(16), pp. 3260-3266.

17. “Enhanced acousto-optic interactions in a one-di-
mensional phoxonic cavity”, Psarobas, IE; Papaniko-
laou, N; Stefanou, N; et al.  Phys. Rev. B, 82 (17): Art.
No. 174303 (2010)

18. “Dual phononic and photonic band gaps in a perio-
dic array of pillars deposited on a thin plate”, El Has-
souani, Y, Pennec, CLY, El Boudouti, EH, H. Larabi,
A. Akjouj, O. Bou Matar, V. Laude, N. Papanikolaou,
A. Martinez, and B. Djafari Rouhani Phys. Rev. B, 82
(  , S. Benchabane, V. Laude, and A. Martinez, Opt.
Exp., 18 (13): 14301-14310 (2010)

21. “Absolute spectral gaps for infrared light and hyper-
sound in three-dimensional metallodielectric phoxo-
nic crystals”, Papanikolaou, N; Psarobas, IE;
Stefanou, N, Appl. Phys. Lett., 96 (23): Art. No.
231917 (2010)

22. “Extraordinary refractive properties of photonic cry-
stals of metallic nanorods” Tserkezis, C; Stefanou, N;
Papanikolaou, N,  J. Opt.. Soc. Am. B, 27 (12): 2620-
2626 (2010)

23. “Vapor-induced swelling of supported methacrylic
and siloxane polymer films: determination of inte-
raction parameters” Manoli K, Goustouridis D, Ra-
ptis I, Valamontes E, Sanopoulou M, J. Appl. Polym.
Sci. 116 184-189 (2010)

24. “Determination of Trace Tl(I) by Anodic Stripping
Voltammetry on Novel Disposable Microfabricated
Bismuth-Film Sensors” Kokkinos Ch, Economou A,
Raptis I, Speliotis Th, Electroanalysis 22 2359-2365

ANNEX III: RESEARCH AND EDUCATION OUTPUT
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25. “Polymer based chemical sensor array fabricated with
conventional microelectronic processes” Kitsara M,
Goustouridis D, Valamontes E, Oikonomou P, Bel-
tsios K, Raptis I, J. Optoelectron. Adv. Mater. 12
1147-1151 (2010).

26. V. Tsouti, C. Boutopoulos, D. Goustouridis, I. Zer-
gioti, P. Normand, D. Tsoukalas, S. Chatzandroulis,
“A chemical sensor microarray realized by laser prin-
ting of polymers”, Sens. Act. B: Chemical, vol. 150
(1),  pp. 148-153 (2010).

27. V. Tsouti, C. Boutopoulos, P. Andreakou, M. Ioannou,
I.  Zergioti, D. Goustouridis, D. Kafetzopoulos, D.
Tsoukalas, P. Normand, S. Chatzandroulis, “Detec-
tion of DNA mutations using a capacitive micro-
membrane array”, Biosensors and Bioelectronics, vol.
26 (4), pp. 1588-1592 (2010). 

28. M. Kandyla, S. Chatzandroulis, I. Zergioti, “Laser in-
duced forward transfer of conducting polymers”,
(2010) Opto-Electronics Review, vol 18 (4), pp. 345-
351

29. “Integrated tool for the spreading, thermal treatment
and in-situ process monitoring of thick photoresist
films”, D.Goustouridis, I.Raptis, E.Valamontes, M.Ch-
atzichrisitidi Microelectron. Eng. 87 1115(2010) 

30. “Growth of ZnO nanorods on patterned templates
for efficient, large-area energy scavengers”, G. Niar-
chos, E. Makarona and C. Tsamis , Journal of Micro-
system Technologies, 16, 669–675, 2010

31. “Regenerable flow-through affinity sensor for label–
free detection of proteins and DNA” Zavali M, Petrou
PS, Goustouridis D, Raptis I, Misiakos K, Kakabakos
SE, J. Chromatograph. B 878, 237(2010)

32. “Biomolecular Layer Thickness Evaluation using
White Light Reflectance Spectroscopy” Kitsara M, Pe-
trou P, Kontziampasis D, Misiakos K, Makarona E,
Raptis I, Beltsios K, Microelectron. Eng. 87 802(2010)

33. “Integrated optical frequency-resolved Mach-Zehn-
der interferometers for label-free affinity sensing” Ki-
tsara M, Misiakos K, Raptis I, Makarona E, Optics
Express 18, 8193(2010) 

34. “Electrochemical biosensor microarray functionalized
by means of biomolecule friendly photolithography”
Mir M, Dondapati SK, Duarte MV, Chatzichristidi M,
Misiakos K, Petrou P, Kakabakos SE, Argitis P, Kata-
kis I, Biosensors & Bioelectronics    Volume: 25
Issue: 9    Pages: 2115-2121, 2010

35. "Dual-cardiac marker capillary waveguide fluoroim-
munosensor based on tyramide signal amplification"
Niotis AE, Mastichiadis C, Petrou PS, Christofidis I,
Kakabakos SE,Siafaka-Kapadai A, Misiakos K, Analy-
tical and Bioanalytical Chemistry, Volume: 396,3,
Pages: 1187-1196, 2010

36. "Fully integrated monolithic optoelectronic transdu-
cer for real-time protein and DNA detection: The NE-
MOSLAB approach" Misiakos K, Petrou PS,

Kakabakos SE, Yannoukakos D, Contopanagos H,
Knoll T, Velten T, DeFazio M, Schiavo L, Passamano
M, Stamou D, Nounesis G, Biosensors & Bioelectro-
nics, Volume 26,4, pages: 1528-1535,2010

37. “On the importance of the Vg,max-Vth parameter on
LTPS TFT stressing behavior”, Moschou, D.C., Kon-
togiannopoulos, G.P., Kouvatsos, D.N., Voutsas, A.T.,
Microelectronics Reliability 50 (2), 190, February
2010.

38. “A Practical Model Assessing the Degradation of Po-
lycrystalline Silicon TFTs due to dc Electrical Stress”,
Kontogiannopoulos, G.P., F.V. Farmakis, D.N. Kou-
vatsos, G.J. Papaioannou and A.T. Voutsas, IEEE Tran-
sactions on Electron Devices ED-57 (6), 1390, June
2010.

39. Polymer/carbon nanotube composite patterns via
laser induced forward transfer, Christos Boutopou-
los, Christos Pandis, Konstantinos Giannakopoulos,
Polycarpos Pissis, and Ioanna Zergioti, Appl. Phys.
Lett. 96, 041104 (2010)

40. Structure and mechanical properties of low tempera-
ture magnetron sputtered nanocrystalline (nc-
)Ti(N,C)/amorphous diamond like carbon (a-C:H)
coatings, C. Tsotsos, M.A. Baker, K. Polychronopou-
lou, P.N. Gibson, K. Giannakopoulos, A.A. Polycar-
pou, K. Böbel, C. Rebholz, Thin Solid Films 519
(2010) 24–30

41. Direct synthesis of nanocrystalline oxide powders by
wet-chemical techniques, Vladimir V. Srdić, Ružica
Djenadić, Marija Milanović, Nikolina Pavlović, Ivan
Stijepović, Ljubica M. Nikolić, Evagelia Moshopou-
lous, Konstantinos Giannakopoulos, Jan Dusza, Karel
Maca,  Processing and Application of Ceramics 4 [3]
(2010)

42. Synthesis and characterization of mesoporous silica
core-shell particles, Milan Nikolić, Konstantinos P.
Giannakopoulos, Vladimir V. Srdić, Processing and
Application of Ceramics, 4 [2] (2010) 81–85

43. Structural and Electrical Properties of HfO2 / Dy2O3
Gate Stacks on Ge Substrate, E.K. Evangelou, M.S.
Rahman, I.I. Androulidakis, A. Dimoulas, G. Mavrou,
K. P. Giannakopoulos, D.F. Anagnostopoulos, R. Va-
licu, G.L. Borchert, Thin Solid Films, 2010, 518 (14),
pp. 3964-3971.

44. “Chemiresistive sensor fabricated by the sequential
ink-jet printing deposition of a gold nanoparticle and
polymer layer”, Skotadis E, Tang J, Tsouti V, et al.,
MICROELECTRONIC ENGINEERING   Volume: 87
Issue: 11   Pages: 2258-2263   Published: NOV 2010 

45. “Experiments and simulation on diffusion and activa-
tion of codoped with arsenic and phosphorous ger-
manium”, Tsouroutas P, Tsoukalas D, Bracht H,
JOURNAL OF APPLIED PHYSICS   Volume: 108   Issue:
2 Article Number: 024903   Published: JUL 15 2010 

46. “Formation of silicon ultra shallow junction by non-
melt excimer laser treatment” Florakis A, Papadimi-
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triou A, Chatzipanagiotis N, et al.,SOLID-STATELEC-
TRONICS   Volume: 54   Issue: 9   Pages: 903-908
Published: SEP 2010 

47. “Trapping properties of sputtered hafnium oxide
films: Bulk traps vs. interface traps”, Verrelli E, Gala-
nopoulos G, Zouboulis I, et al.,THIN SOLID FILMS
Volume: 518   Issue: 19   Pages: 5579-5584   Publi-
shed: JUL 30 2010 

48. “Non-melting annealing of silicon by CO2 laser”, Flo-
rakis A, Verrelli E, Giubertoni D, et al.,THIN SOLID
FILMS   Volume: 518   Issue: 9   Special Issue: Sp.
Iss. SI   Pages: 2551-2554   Published: FEB 26 2010 

49. Barquinha, P., Pereira, L., Gonçalves, G., Kuscer, D.,
Kosec, M., Vilà, A., Olziersky, A., Morante, J.R., Mar-
tins, R., Fortunato, E. Low-temperature sputtered mix-
tures of high-κ and high bandgap dielectrics for GIZO
TFTs (2010) Journal of the Society for Information Dis-
play, 18 (10), pp. 762-772.

50. Olziersky, A., Barquinha, P., Vilà, A., Pereira, L.,
Goņalves, G., Fortunato, E., Martins, R., Morante,
J.R., Insight on the SU-8 resist as passivation layer for
transparent Ga2O3 - In2O3-ZnO thin-film transistors
(2010) Journal of Applied Physics, 108 (6), art. no.
064505

51. “A water soluble inorganic molecular oxide as a novel
electron injection layer for high performance hybrid
polymer light-emitting diodes”, L.C.Palilis,
M.Vasilopoulou, D.G.Georgiadou, P.Argitis, Organic
Electronics, 11(5) 887, 2010.

52. “Optical simulation and experimental study of hybrid
polymer bulk heterojunction solar cells with a WO3
cathode interfacial layer”, N.A.Stathopoulos,
L.C.Palilis, S.P.Savaidis, S.Yesayan, M.Vasilopoulou,
D. Davazoglou, P. Argitis, IEEE Journal of Selected
Topics in Quantum Electronics, 16 (6), art. no.
5466225, 1784, 2010.

53. Thermally-Induced Acid Generation from 18-Molyb-
dodiphosphate and 18-Tungstodiphosphate within
Poly(2-Hydroxyethyl Methacrylate) Films, Chemistry
of Materials A. M. Douvas, K.Yannakopoulou, P. Ar-
gitis, , 22, 2730-40, 2010

54. "Theoretical Investigation on The Effect of Protona-
tion on The Absorption and Emission Spectra of Two
Amine-Goup-Bearing, Red "Push-Pull" Emitters, 4-Di-
methylamino-4'-Nitrostilbene (DANS) and 4-(Di-
cyanomethylene)-2-Methyl-6-p-(Dimethylamino)
Styryl-4H-Pyran (DCM)”, I. Petsalakis, D. Geor-
giadou, M. Vasilopoulou, G. Pistolis,  D. Dimotikali,
P. Argitis, G. Theodorakopoulos, , J.Phys. Chem. A,
114, 5580-7, 2010

55. “Simulation of Shot Noise effect on CD and LER of
Electron Beam Lithography in 32nm Designs”, Patsis
G P, Tsikrikas N, Drygiannakis D, Raptis I Microelec-
tron. Eng. 87 1575-1578, 2010

56. “Integrated tool for the spreading, thermal treatment
and in-situ process monitoring of thick photoresist

films” Goustouridis D, Raptis I, Valamontes E,
Chatzichrisitidi M Microelectron. Eng. 87 1115-1117
(2010)

International Conference Proceedings 

1. "Comparative studies of single- and double-nanocrys-
tal layer NVM structures: Charge accumulation and re-
tention", Turchanikov, V., Ievtukh, V., Nazarov, A.,
Lysenko, V., Theodoropoulou, M., Nassiopoulou, A.G.,
2010 27th International Conference on Microelec-
tronics, MIEL 2010 - Proceedings, art. no. 5490524,
pp. 103-104 (2010)

2. “Is the resist sidewall after development isotropic or
anisotropic? Effects of resist sidewall morphology on
LER reduction and transfer during etching (oral)”, Vas-
silios Constantoudis, George Kokkoris, Evangelos
Gogolides, Erwine Pargon, Mickael Martin, Proceed-
ings of SPIE -Advanced Lithography, San Jose, Califor-
nia, USA, 21-25 February 2010, 7639-34, art. no.
76392T, (2010)

3. “Evolution of resist roughness during development: sto-
chastic simulation and dynamic scaling analysis
(poster)”, Vassilios Constantoudis, George P. Patsis,
Evangelos Gogolides, Proceedings of SPIE -Advanced Li-
thography, San Jose, California, USA, 21-25 February
2010, 7639-105, art. no. 76392H, (2010)

4. “Line-edge roughness effects on transistor perform-
ance: the role of the gate-width design (poster)”, Vas-
silios Constantoudis, George P. Patsis, Evangelos
Gogolides, Proceedings of SPIE -Advanced Lithogra-
phy, San Jose, California, USA, 21-25 February 2010,
7641-41, art. no., (2010)

5. “Line Width Roughness effects on device performance:
The role of the gate width design”, Constantoudis, V.,
Gogolides, E., Patsis, G.P., (2010) Proceedings of SPIE
- The International Society for Optical Engineering,
7641, art. no. 764116.

6. “Line Width Roughness effects on device performance:
The role of the gate width design”, Constantoudis, V.,
Gogolides, E., Patsis, G.P., (2010) 2010 27th Interna-
tional Conference on Microelectronics, MIEL 2010 -
Proceedings, art. no. 5490486, pp. 265-268.

7. “Evolution of resist roughness during development:
Stochastic simulation and dynamic scaling analysis”,
Constantoudis, V., Patsis, G.P., Gogolides, E., (2010)
27th International Conference on Microelectronics,
MIEL 2010 - Proceedings, art. no. 5490483, pp. 269-
272.

8. “A Computational Framework for Multiscale Modeling
in Chemical Vapor Deposition Processes (oral)”, N.
Cheimarios, G. Kokkoris, A. G. Boudouvis, Proceed-
ings of 5th European Conference on Computational
Fluid Dynamics, ECCOMAS CFD 2010, Lisbon, Portu-
gal, June 14-17, 2010

9. “An efficient parallel fixed point iteration method for
multiscale analysis of chemical vapor deposition
processes (oral)”, N. Cheimarios, G. Kokkoris, A. G.
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Boudouvis, Proceedings of Conference in Numerical
Analysis (NumAn 2010) , Chania,  Greece, September
15-18, 2010.

10. “Charge trapping memories with atomic layer de-
posited high-k dielectrics capping layers”, N. Nikolaou,
P. Dimitrakis, P. Normand, K. Giannakopoulos, K. Mer-
gia, V. Ioannou-Sougleridis, K. Kukli, J. Niinistö, M. Ri-
tala, M. Leskelä, Materials Research Society Symposium
Proceedings 1250, 3-8 (2010). 

11. “Annealing effects on Si nanocrystal nonvolatile
memories”, P. Dimitrakis, C. Bonafos, S. Schamm-
Chardon, G. BenAssayag, P. Normand, Materials Re-
search Society Symposium Proceedings 1250, 23-28
(2010).

12. “Nanocrystal memory device utilizing GaN quantum
dots by RF MBD”, P. Dimitrakis, E. Iliopoulos, P. Nor-
mand, Materials Research Society Symposium Pro-
ceedings 1250, 63-68 (2010).

13. “Formation of Ge nanocrystals in high-k dielectric lay-
ers for memory applications”, P. Dimitrakis, V. Ioan-
nou-Sougleridis, P. Normand, C. Bonafos, S.
Schamm-Chardon, A Mouti, B. Schmidt, J. Becker,
Materials Research Society Symposium Proceedings
1250, 69-74 (2010). 

14. “Plasmonic nanostructures and optical metamateri-
als: Studies by the layer-multiple-scattering method”,
Stefanou, N; Papanikolaou, N; Tserkezis, C, Physica
B-Cond. Mat., 405 (14): 2967-2971 (2010)

15. Charge trapping memories with atomic layer de-
posited high-k dielectrics capping layers, N. Nikolaou,
P. Dimitrakis, P. Normand, K. Giannakopoulos, K.
Mergia, V. Ioannou-Sougleridis, K. Kukli, J.Niinisto, M.
Ritala and M. Leskela, 2010, Materials Research Soci-
ety Symposium Proceedings 1250, pp. 3-8

16. «Sensitivity Investigations Of Surface Stress Capaci-
tive DNA Sensor», S.Chatzandroulis, V. Tsouti, M.
Ioannou, C. Boutopoulos, I. Zergioti, D. Goustouridis,
J. Hue, R. Rousier, D. Tsoukalas, P. Normand, and D.
Kafetzopoulos, 9th Annual IEEE Conference on Sen-
sors IEEE, Sensors 2010 Conference, November 1-4,
2010

17. “Nanostructured metal oxides as cathode interfacial
layers for hybrid/polymer electronic devices M.
Vasilopoulou, L. C. Palilis, D. G. Georgiadou, P. Argi-
tis, I. Kostis,  G. Papadimitropoulos,  N. A. Stathopou-
los,  A. Iliadis,  N. Konofaos and D. Davazoglou,”,
Advances in Science and Technology Vol. 75, pp 74,
2010.

18. “PHEMA functionalized gold nanoparticle films for
vapor sensing” J. Tang1, E. Skotadis1, V. Tsouti2, D.
Tsoukalas, Proc. Eurosensors XXIV, September 5-8,
2010, Linz, Austria, Procedia Engineering 5 (2010)
1240–1243.

International Conference Presentations

1. "Nanostructures on Si by Electrochemistry and their
Applications", A. G. Nassiopoulou (invited talk),  Inter-

national Conference on Nanomaterials (ICN 2010),
India, 27-29 April 2010

2. "Porous Si for Electronics and Sensors", A. G. Nas-
siopoulou (Tutorial), 7th International Conference on
Porous Semiconductors Science and Technology –
PSST 2010, Valencia, 14-19 March 2010

3. "On-chip heat sink devices using Copper-Filled Macro-
porous Si membranes and cavity underneath", F.
Zacharatos and A. G. Nassiopoulou, 7th International
Conference on Porous Semiconductors Science and
Technology – PSST 2010, Valencia, 14-19 March 2010

4. "Photoluminescence from silicon nanocrystal ensem-
bles: effect of exciton migration and role of surface vi-
bration modes", A. G. Nassiopoulou (invited talk),
VCIAN Conference on Interactions Among Nanostruc-
tures 2010, Santorini, Greece, 21-25 June 2010

5. "Optimized porous Si RF microplate as a low-loss sub-
strate for on-chip RF isolation", A. G. Nassiopoulou, F.
Zacharatos and H. Contopanagos, 7th International
Conference on Porous Semiconductors Science and
Technology – PSST 2010, Valencia, 14-19 March 2010

6. "Colleration of light emission properties with exciton
migration in silicon nanocrystal ensembles", S.
Gardelis and A. G. Nassiopoulou, 7th International
Conference on Porous Semiconductors Science and
Technology – PSST 2010, Valencia, 14-19 March 2010

7. "European Nanoelectronics:  The  Initiatives and Net-
works of the Academic Community", A. G. Nas-
siopoulou, F. Balestra (invited presentation), Sixth
International Nanotechnology Conference on Com-
munication and Cooperation, Grenoble, France, 17-20
May 2010

8. "Nanostructures on Si: Application in Electronics and
Sensors", A. G. Nassiopoulou (Invited Lecture), Uni-
versity of Cyprus, 16 February 2010

9. "Nanostructures on Si: Application in Electronics and
Sensors", A. G. Nassiopoulou (Invited Lecture), Cyprus
Univ. of Technology , 17 February 2010

10. “Si nanocrystals for solar cell applications”, A. G.
Nassiopoulou, Workshop: Analytical Trends and
Needs for Nanoelectronics, Berlin, November 8,
2010

11. "Electrodeposition of copper in mesoporous Silicon
on p+ type wafer" (Poster Presentation), E.
Michelakaki, Materials of the 7th International Con-
ference - PSST 2010, Valencia, Spain 14-19 March
2010

12. “Si nanowires by metal assisted etching: Localization
of the nanowires and study of the effect of surface pre-
patterning on their morphology”, V. Gianneta, H. Kat-
sogridakis and A. Nassiopoulou, Fourth International
Conference on Micro-electronics, Nanotechnologies
and MEMs Athens 12 – 15 December 2010 

13. “Hexagonally ordered nanofeatures on Si by nanopat-
terning through porous anodic alumina”, H. Katso-
gridakis, V. Gianneta and A.G. Nassiopoulou, Fourth
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International Conference on Micro-electronics, Nan-
otechnologies and MEMs Athens 12 – 15 December
2010 

14. “Lateral electronic transport, optical and photocur-
rent properties of 2D arrays of silicon nanocrystals in
silicon dioxide”, S. Gardelis, P. Manousiadis, and A.G.
Nassiopoulou, 4th International Conference on
Micro-Nanoelectronics, Nanotechnologies & MEMs,
NCSR Demokritos, Athens, 12 – 15 December 2010 

15. “Micro-fabricated TiO2-ZrO2 Affinity Chromatogra-
phy Micro-Columns on Polymeric or Silicon Sub-
strates for Phosphopeptide Analysis (oral)”, K.
Tsougeni, G. Boulousis, T. Roumeliotis, K. Zorpas, T.
Speliotis, A. Botsialas, I. Raptis,  A. Tserepi, S.D. Gar-
bis, E. Gogolides, Lab-on-a-Chip European Congress,
25-26 May 2010, Dublin, Ireland

16. “Protein Patterning Through Selective Plasma-in-
duced Modification of Silicon Oxide and Glass Sub-
strates (oral)”, A. Tserepi, A. Malainou, E. Gogolides,
P. S. Petrou, S. E. Kakabakos, Advances in Microarray
Technology, 25-26 May 2010, Dublin, Ireland

17. “Multifunctional, “Smart”, Polymeric Microfluidics
Fabricated by Plasma Processing: Applications in
Capillary Filling and Passive Superhydrophobic Valv-
ing (poster)”, K. Tsougeni, D. Papageorgiou, A.
Tserepi, E. Gogolides, Lab-on-a-Chip European Con-
gress, Dublin, Ireland, May 24-25 2010

18. “Protein and DNA Patterning on Plasma-modified
Polymeric Surfaces for Bioanalytical Applications
(poster)”, K. Tsougeni, M.-E. Vlachopoulou, P.
Petrou, S. Kakabakos, A. Tserepi, E. Gogolides, “Ad-
vances in MicroarrayTechnologies”, Dublin, Ireland,
May 24-25 2010

19. “Micro-fabricated TiO2-ZrO2 Affinity Chromatogra-
phy Micro Columns on Poly(methyl methacrylate)
(PMMA) substrates for Phosphopeptide Analysis
(oral)”, K. Tsougeni, E. Gogolides, 36th International
Conference on Micro & Nano Engineering, GENOA
(Italy), 19-22 September 2010

20. “High-density patterning of proteins on substrates for
applications in lab-on -a chip devices and microar-
rays (poster)”, A. Malainou, A. Tserepi, P. Petrou, S.
Kakabakos, E. Gogolides, 36th International Confer-
ence on Micro & Nano Engineering, GENOA (Italy),
19-22 September 2010

21. “Submicrometer protein patterning using colloidal li-
thography and plasma processing (poster)”,
A.Malainou, K.Ellinas, P.S. Petrou, S.E. Kakabakos,
E.Gogolides, S. Pagakis, A. Tserepi, 4th International
Conference on Micro-Nanoelectronics, Nanotech-
nologies & MEMs, NCSR Demokritos, Athens, 12 –
15 December 2010

22. “Continuous-flow polymeric microfluidic device with
integrated microheaters for on-chip DNA amplifica-
tion (poster)”, E. Mavraki, D. Moschou, S. Chatzan-
droulis, A. Tserepi, 4th International Conference on
Micro-Nanoelectronics, Nanotechnologies & MEMs,

NCSR Demokritos, Athens, 12 – 15 December 2010

23. “Designing a continuous flow microfluidic device for
polymerase chain reaction (PCR) (poster)”, I. Kouris,
G. Kokkoris, A. Tserepi, 4th International Conference
on Micro-Nanoelectronics, Nanotechnologies &
MEMs, NCSR Demokritos, Athens, 12 – 15 Decem-
ber 2010

24. “Mechanisms inducing periodic holes or dots on
plasma etched surfaces (oral)”, G. Kokkoris, V. Con-
stantoudis, E. Gogolides, 3rd workshop on Plasma
Etch and Strip in Microelectronics (PESM 2010), 4-5
March 2010, Grenoble, France

25. “Plasma Directed Assembly and Organization: Bot-
tom-up Nanopatterning Using a Top-down Technol-
ogy”, D. Kontziampasis, N. Vourdas, G. Kokkoris, V.
Constantoudis, A. Goodyear, A. Tserepi, M. Cooke, E.
Gogolides, 3rd workshop on Plasma Etch and Strip
in Microelectronics (PESM 2010), 4-5 March 2010,
Grenoble, France

26. “Plasma Directed Assembly and Organization: Effect
of Plasma Processing Conditions on Order and Nan-
odot Dimensions (poster)”, D. Kontziampasis, G.
Kokkoris, V. Constantoudis, A. Smyrnakis, A. Zeniou,
E. Gogolides, The 54th International Conference on
Electron, Ion and Photon Beam technology and
Nanofabrication (EIPBN), Anchorage, Alaska, June 1-
4,2010

27. ““Mesh-assisted” colloidal lithography and plasma
etching: A route to large-area, uniform, ordered nano-
pillar production on versatile substrates (poster)”, K.
Ellinas, A. Malainou, A. Zeniou, A. Tserepi, E.
Gogolides, 36th International Conference on Micro
& Nano Engineering, GENOA (Italy), 19-22 Septem-
ber 2010

28. “Amphiphobic, Plasma Nanotextured Polymer Sur-
faces (poster)”, A. K. Gnanappa, K. Ellinas, A. Tserepi,
E. Gogolides, 36th International Conference on Micro
& Nano Engineering, GENOA (Italy), 19-22 Septem-
ber 2010

29. “Superhydrophobic Surfaces for Water Immersion Li-
thography (poster)”, A. K. Gnanappa, E. Gogolides,
F. Evangelista, M. Riepen, 36th International Confer-
ence on Micro & Nano Engineering, GENOA (Italy),
19-22 September 2010

30. “Plasma Directed Assembly and Organization: For-
mation of polymeric nanodots and silicon nanopillars
(oral)”, A. Smyrnakis, D. Kontziampasis, A. Zeniou,
A. Tserepi, E. Gogolides, 63rd Gaseous Electronics
Conference & 7th International Conference on Reac-
tive Plasmas, October 4-8, 2010, Paris, France

31. “Controlling roughness - from etching to nanotexturing
and plasma directed organization on organic and inor-
ganic material (oral - invited)”, E. Gogolides, iPlas-
maNano-II Conference, Second International
Symposium on Plasma Nanoscience, 12 – 15 Decem-
ber 2010, Murramarang Resort, South Coast, New
South Wales, Australia (invited talk)
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32. “Contact Line Dynamics of a Superhydrophobic Sur-
face: Application for Immersion Lithography (oral)”,
A.K. Gnanappa, E. Gogolides, F. Evangelista, M.
Riepen, 2nd European Conference on Microfluidics
(MicroFlu'10), December 08-10, 2010, Toulouse,
France

33. “Fabrication of Micro and Nano Textured Superam-
phiphobic Surfaces (oral)”, K. Ellinas, A. Kumar
Gnanappa, A. Tserepi, E. Gogolides, 4th International
Conference on Micro-Nanoelectronics, Nanotech-
nologies & MEMs, NCSR Demokritos, Athens, 12 –
15 December 2010

34. “Bridging micro- with macro-scale in chemical vapor
deposition processes (poster)”, N. Cheimarios, S.
Garnelis, G. Kokkoris, A. G. Boudouvis, 4th Interna-
tional Conference on Micro-Nanoelectronics, Nan-
otechnologies & MEMs, NCSR Demokritos, Athens,
12 – 15 December 2010

35. “Plasma Directed Assembly and Organization: Mate-
rials effect and pattern transfer (poster)”, D. Kontzi-
ampasis, A. Smyrnakis, G. Kokkoris, V. Constantoudis,
A. Zeniou, E. Gogolides, 7th International Conference
on Nanosciences & Nanotechnologies (NN10) 11-14
July 2010, Ouranoupolis Halkidiki, Greece

36. “Mechanical Characteristics of Plasma-induced Nano-
Roughness and Nano-Texture on PMMA and other
Polymers (poster)”, A. Kumar, D. Kontziampasis, A.
Tserepi, E. Gogolides, A. Skarmoutsou, C.A. Chari-
tidis, 7th International Conference on Nanosciences
& Nanotechnologies (NN10) 11-14 July 2010, Oura-
noupolis Halkidiki, Greece

37. “The Line Edge roughness (LER) problem: From Li-
thography-to Plasma Etching-to Device Operation
(oral invited)”, E. Gogolides, V. Constantoudis, G.
Kokkoris, 3rd workshop on Plasma Etch and Strip in
Microelectronics (PESM 2010), 4-5 March 2010,
Grenoble, France

38. “Line Width Roughness Effects on Device Perform-
ance: The Role of the Gate Width Design (oral)”, V.
Constantoudis, E. Gogolides, G. Patsis, (2010) IEEE
27th International Conference on Microelectronics -
MIEL 2010, 16-19 May 2010, Nis, Serbia

39. “Evolution of Resist Roughness During Development:
Stochastic Simulation and Dynamic Scaling Analysis
(oral)”, V. Constantoudis, G. Patsis, E. Gogolides,
(2010) IEEE 27th International Conference on Micro-
electronics - MIEL 2010, 16-19 May 2010, Nis, Serbia

40. “Contact Edge Roughness: Characterization and
Modeling (poster)”, Vijaya-Kumar M.K., V. Constan-
toudis, E. Gogolides, 36th International Conference
on Micro & Nano Engineering, GENOA (Italy), 19-22
September 2010

41. “Fractal geometry in nanofabricated structures: The
key role of roughness (oral)”, V. Constantoudis, G. P.
Patsis, E. Gogolides, 4th International Conference on
Micro-Nanoelectronics, Nanotechnologies & MEMs,
NCSR Demokritos, Athens, 12 – 15 December 2010

42. “Measurement and Characterization of Contact Hole
Roughness: Frequency and Spatial Analysis (poster)”,
Vijaya Kumar Murugesan Kuppuswamy, V. Constan-
toudis, E. Gogolides, 4th International Conference on
Micro-Nanoelectronics, Nanotechnologies & MEMs,
NCSR Demokritos, Athens, 12 – 15 December 2010

43. “Multiscale modeling of deposition processes (oral-
invited)”, A. G. Boudouvis, N. Cheimarios, G. Kokko-
ris,  6th Chemical Engineering Conference for
Collaborative Research in Eastern Mediterranean
Countries, EMCC-6, Belek, Antalya, Turkey, March 7-
12, 2010 (invited talk)

44. “A Computational Framework for Multiscale Model-
ing in Chemical Vapor Deposition Processes (oral)”,
N. Cheimarios, G. Kokkoris, A. G. Boudouvis, 5th Eu-
ropean Conference on Computational Fluid Dynam-
ics, ECCOMAS CFD 2010, Lisbon, Portugal, June
14-17, 2010.

45. “An efficient parallel fixed point iteration method for
multiscale analysis of chemical vapor deposition
processes (oral)”, N. Cheimarios, G. Kokkoris, A. G.
Boudouvis, International Conference in Numerical
Analysis (NumAn 2010) , Chania,  Greece, September
15-18, 2010.

46. “Light modulation in phoxonic nanocavities”, N. Pa-
panikolaou, I.E. Psarobas, N. Stefanou, B. Djafari-
Rouhani, B. Bonello, V. Laude. International Micro
and Nano Conference, Athens, December 2010.
(Best oral presentation award) 

47. “Design of waveguides in silicon phoxonic crystal
slabs”, V. Laude, S. Benchabane, Y. Pennec, B. Djafari
Rouhani, N. Papanikolaou, A. Martinez, Oral presen-
tation at IEEE Ultrasonics, San Diego (U.S.A), October
2010

48. “Slow Phonons and Photons in Periodic Crystal Slabs
and Strip Waveguides”, C. Li, Y. El Hassouani, Y. Pen-
nec, B. Djafari Rouhani, E.H. El Boudouti, N. Pa-
panikolaou, S. Benchabane, V. Laude, J. M. Escalante,
A. Martinez, poster P06, Proceeding pp. 154, in 9th
International Conference on Photonic and Electro-
magnetic Crystal Structures (PECS-IX 2010), 26-30
September, Granada (Spain).

49. “Band Gaps and Waveguiding in Phoxonic Silicon
Crystal Slabs.” Y. Pennec, B. Djafari Rouhani, E.H. El
Boudouti, C. Li, Y. El Hassouani, J.O. Vasseur, N. Pa-
panikolaou, S. Benchabane, V. Laude, A. Martinez,
Phonons 2010 in Taiwan, 19-23 April 2010.

50. “Multiple scattering calculations for photons and
phonons in nanostructures”,  G. Gantzounis, N. Pa-
panikolaou, N. Stefanou. Workshop on: "Nano-parti-
cles, nanostructures and near field omputation",
Bremen, Germany, 11-12 March 2010.

51. “Confined photons and phonons in nanopatterned
silicon films.” N. Papanikolaou, E. Almpanis, and N.
Stefanou. Second Mediterranean Conference on
Nano-Photonics, Medinano, Athens, Greece 26-27
Oct 2009.
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52. “Collective plasmon modes and negative refraction
in metallodielectric nanostructures”,C. Tserkezis, N.
Stefanou, and N. Papanikolaou, 4th Young Scientist
Meeting on Metamaterials, Feb. (2010) Valencia,
Spain, (Best paper award)

53. “GaN quantum dots as charge storage elements for
memory devices”, P. Dimitrakis, P. Normand, K.
Tsagaraki, E.Iliopoulos, 19th European Workshop on
Heterostructure Technology (HETECH 2010), 18-20
October, Fodele, Crete, Greece (2010).

54. “Implantation energy effect on photoluminescence
spectroscopy of Si nanocrystals locally fabricated by
stencil-masked ultra-low-energy ion-beam-synthesis
in silica”, R. Diaz, C. Suarez, F. Gloux, C. Bonafos, S.
Schamm, A. Arbouet, R. Marty, V. Paillard, J. Grisolia,
P. Normand, P. Dimitrakis, G. BenAssayag, 17th In-
ternational Conference on Ion Beam Modification of
Materials (IBMM 2010), 22-27 August, Montreal,
Canada (2010).

55. “Investigation of sulfonium salts as charge transport
carriers for improvement of Polymer Light Emitting
Diodes performance”, D. G. Georgiadou, P. Dimi-
trakis, M. Vasilopoulou, L. C. Palilis, L. Sygellou, S.
Kennou, D. Dimotikali, P. Argitis, International Con-
ference Micro&Nano 2010, 12-15 December,
Athens, Greece (2010).

56. “Negative differential resistance and charge trapping
phenomena in (0001) AlGaN/GaN double barrier res-
onant tunneling diodes”, G. Deligeorgis, P. Dimi-
trakis, Th. Kostopoulos, G. Konstantinidis, X.
Dimizas, P. Normand, E. Iliopoulos, International
Conference  Micro&Nano 2010, 12-15 December,
Athens, Greece (2010). 

57. “Low temperature metal-induced dopant activation
of Germanium N+/P and P+/N diodes”, V. Ioannou-
Sougleridis, S.F. Galata, E. Golias, Th. Speliotis, A. Di-
moulas, D. Giubertoni, S. Gennaro, M. Barozzi, E-
MRS Spring Meeting 2010, June 7-11, Strasbourg,
France (2010).

58. “Laser printing of polythiophene for organic elec-
tronics”, M. Makrygianni, P. Dimitrakis, P. Normand,
S. Chatzandroulis, I. Zergioti, E-MRS 2010 Spring
Meeting, June 7-11, Strasbourg, France (2010). 

59. “Inorganic polyoxometalates as components of mo-
lecular electronic devices”, P.Argitis, N.Glezos, Oral
presentation, POM Worshop , NSF Meeting, New-
castle August 2010  

60. “Molecular junctions made of tungsten-polyoxometa-
late self-assembled monolayers: Towards polyoxomet-
alate-based molecular electronics devices” D.
Velessiotis, A.M. Douvas, S. Athanasiou , B. Nilsson, G.
Petersson, U. Södervall, G. Alestig, P. Argitis, N. Gle-
zos, 36th International Conference on Micro & Nano
Engineering, GENOA (Italy), 19-22 September 2010

61. “Micro-fabricated cell-on-a-chip devices with inte-
grated metal-film electrodes for trace metal analysis
by stripping voltammetry” Kokkinos Ch, Economou

A, Raptis I, Speliotis A, Micro & Nano Engineering
2010 (Genoa, Italy, 09/2010) 

62. Ramfos, I., Chatzandroulis, S., “A 16-channel capac-
itance-to-period converter with offset compensation
for sensor applications”, Electronics, Circuits, and
Systems (ICECS), 2010 17th IEEE International Con-
ference on 

63. “Low-cost ZnO Nanorod Arrays for Nanogenerators
of Improved Conversion Efficiency”, G. Niarchos, E.
Makarona, C. Tsamis, Poster Presentantion at the
36th International Conference on Micro and Nano
Engineering 19-22 September 2010 Genoa (Italy)

64. "Influence of Au nanoparticles on ZnO field-effect
transistors fabricated by Pulsed Laser Deposition",
F.V. Farmakis, N. Kelaidis, C. Chatzimanolis-Mous-
takas, E. Makarona, C. Tsamis, M. Kompitsas, I.
Fasaki, Th. Speliotis and P. Jedrasik, E-MRS Spring
Meeting 2010, Symposium R: Laser Processing and
Diagnostics for Micro- and Nano-applications, 7-11
June 2010, Strasburg, France

65. “Monolithically integrated broad-band Mach-Zehn-
der interferometer arrays for real-time label-free
monitoring of biomolecular interactions” Kitsara M,
Misiakos K, Raptis I, Stoffer R, Petrou PS, Kakabakos
SE, Makarona E, EuroPtrode 2010 (Prague, Czech Re-
public, 03/2010) 

66. “Characterization of ultra thin biomolecular layer
stacks via white light reflectance spectroscopy” Kit-
sara M, Raptis I, Botsialas A, Kontziampasis D, Misi-
akos K, Petrou PS EuroPtrode 2010 (Prague, Czech
Republic, 03/2010)

67. “Monolithically Integrated Biosensors based on Fre-
quency-Resolved Mach-Zehnder Interferometers for
Multi-analyte determinations” Petrou PS, Kitsara M,
Makarona E, Raptis I, Kakabakos SE, Stoffer R, Jobst
G, Misiakos K 32nd Annual Int. Conf. IEEE EMBS
(Buenos Aires, Argentina, 09/2010)

68. “Monolithically integrated photonic lab-on-a-chip
platform for chemical and biological applications”,
Raptis I, Makarona E, Kitsara M, Petrou PS, Kak-
abakos S, Misiakos K Micro & Nano Engineering
2010 Conf. (Genoa, Italy, 09/2010) (invited talk)

69. “Monolithically integrated photonic lab-on-a-chip
platform for biological applications”, Raptis I,
Makarona E, Petrou P, Kakabakos S, Misiakos K Bio-
Photonics 2010 Concertation meeting (Brussels, Bel-
gium, 11/2010) (invited talk)

70. “Vg,max - Vth: A new electrical characterization pa-
rameter reflecting the polysilicon film quality of LTPS
TFTs”, Despina Moschou, Filippos Farmakis, Dim-
itrios Kouvatsos, & Apostolos Voutsas, 4th Interna-
tional Conference (Micro&Nano 2010) on Micro-
Nanoelectronics, Nanotechnologies and MEMs,
NCSR Demokritos, Athens, 12-15 December 2010.

71. “On the optical properties of SLS ELA polycrystalline
silicon films”, Despina Moschou, Nikolaos Vourdas,
Dimitrios Davazoglou, Dimitrios Kouvatsos, Vassilis
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Emm. Vamvakas, & Apostolos Voutsas, 4th Interna-
tional Conference (Micro&Nano 2010) on Micro- Na-
noelectronics, Nanotechnologies and MEMs, NCSR
Demokritos, Athens, 12-15 December 2010.

72. “Hydrogen passivation on sequential lateral solidified
poly-Si TFTs”, Michalas, L., M. Koutsoureli, G.J. Pa-
paioannou, D.N. Kouvatsos and A.T. Voutsas, 4th In-
ternational Conference on Micro- and
Nanoelectronics, Nanotechnology and MEMS (Mi-
croNano 2010), Athens, Greece, December 2010.

73. «Dual function tungsten oxides: anode and cathode
interfacial layers for improved performance», M.
Vasilopoulou, L. C. Palilis, D. G. Georgiadou, P. Argi-
tis, I. Kostis, Ν. Α. Stathopoulos, G. Papadimitropou-
los and D. Davazoglou, ICOE, Paris, 22-25 June 2010.

74. “Improved efficiency of polymer light emitting
diodes (PLEDs) by using sulfonium salts as organic
electron injecting layers (EIL)”, D.G.Georgiadou,
M.Vasilopoulou, L.C.Palilis, L.Sygellou, S.Kennou,
D.Dimotikali, P.Argitis, 3rd Ιnternational Symposium
on Flexible Organic Electronics (IS-FOE10), Halkidiki,
Greece, 2010.

75. “Nanostructured metal oxides as cathode interfacial
layers for hybrid polymer electronic devices”,
M.Vasilopoulou, L.C.Palilis, D.G.Georgiadou, P.Argi-
tis, I.Kostis, G.Papadimitropoulos, Ν.Α.Stathopoulos,
A.Iliadis, N.Konofaos, D.Davazoglou, 12th Interna-
tional Conference on Modern Materials and Tech-
nologies (CIMTEC 2010), Montecatini Terme, Italy,
2010.

76. “Nanostructured metal oxides as cathode interfacial
layers for improved performance hybrid organic-in-
organic optoelectronic devices”, N.Konofaos,
M.Vasilopoulou, L.C.Palilis, D.G.Georgiadou, P.Argi-
tis, I.Kostis, G.Papadimitropoulos, Ν.Α.Stathopoulos,
A.Iliadis, D.Davazoglou, 7th International Conference
on Nanosciences and Nanotechnologies (NN 2010),
Ouranoupolis, Halkidiki, Greece, 2010.

77. “Solution-Processable Polyoxometalate Anionic
Metal Oxides as Novel Electron Injection and Trans-
port Layers for High Performance Hybrid-Polymer
Light Emitting Diodes (Hy-PLEDs)”, L.C.Palilis,
M.Vasilopoulou, A.M.Douvas, D.G.Georgiadou,
S.Kennou, L.Syggelou, P.Argitis, 4th International
Conference on Micro-Nanoelectronics, Nanotech-
nologies and MEMs (Micro & Nano 2010), Athens,
Greece, 2010.

78. Photopatternable polyvinyl alcohol-based film exhibits
non-fouling properties, Pagona Pavli, Panagiota S.
Petrou, Antonis M. Douvas, Eleni Makarona, Sotiris
Kakabakos , Dimitra Dimotikali, Panagiotis Argitis, 4th
International Conference on Micro-Nanoelectronics,
Nanotechnologies and MEMs (Micro & Nano 2010),
Athens, Greece, 2010

79. Different Approaches to Electron Injecting Layers
(EILs) for OLEDs, D. G. Georgiadou, M. Vasilopoulou,
L. C. Palilis, D. Dimotikali, D. Davazoglou, P. Argitis,

Converging electronics week, Plastic Electronics,
Dresden, Germany,  October 19-21, 2010

80. Polyoxometalates as components of molecular elec-
tronic devices, Invited talk,  Panagiotis Argitis, ESF
Workshop on Polyoxometlate-Based nanoscale De-
vices, Newcastle upon Tyne, UK, Aug 1-3, 2010

81. “High performance MIM capacitor for RF using an-
odic alumina dielectric”, E. Hourdakis, International
Conference Micro&Nano 2010 Conference, Athens,
Greece, December 12-15 2010

82. Scanning Tunnelling Spectroscopy and Topography
Recovery of a Polyoxometalate-based Self-Assembled
Monolayer, D. Velessiotis , S.Athanasiou, A. Douvas,
P. Argitis and N. Glezos, NN Conference, Chalkidiki,
July 2010

83. Fabrication and electrical characterization of molec-
ular nanowires based on cyclodextrin host-guest sys-
tems, Davide Maffeo, Viswanathan Chinuswamy,
Zoe Pikramenou, Irene M. Mavridis,  Konstantina
Yannakopoulou, Nikos Glezos, NN Conference,
Chalkidiki, July 2010

Greek Conference Presentation   

1. "Nanotechnology at the Service of the Society", A. G.
Nassiopoulou, Invited lecture, Popular University of
Athens, June 2010

2. “Porous anodic alumina based MIM capacitors for RF
applications”, E. Hourdakis and A. G. Nassiopoulou,
XXVI Panhellenic Conference on Solid State Physics
and Material Science, Ioannina, Greece, September 26-
29 2010

3. “Growth and Properties of Porous Anodic Alumina
Thin Films on Si”, V. Gianneta and A. G. Nassiopoulou,
XXVI Panhellenic Conference on Solid State Physics
and Materials Science, Ioannina September 26 - 29
2010

4. “Exciton migration in light emitting silicon nanocrystal
ensembles and its effect on light emission”, S. Gardelis
and A.G. Nassiopoulou, XXVI Panhellenic Conference
on Solid State Physics and Materials Science, 26-29
September, 2010, University of Ioannina, Ioannina,
Greece (oral presentation by S. Gardelis)

5. “Electronic transport in nanocrystalline silicon films:
Observation of Coulomb blockade effects”, P. Manou-
siadis, S.Gardelis and A.G. Nassiopoulou, XXVI Pan-
hellenic Conference on Solid State Physics and
Materials Science, 26-29 September, 2010, University
of Ioannina, Ioannina, Greece (poster presentation by
P. Manousiadis)

6. "Electronic devices and sensors by Electrochemistry:,
A. G. Nassiopoulou, Summer School organized by
NCSR “DEMOKRITOS”, July 2010, Athens, Greece

7. “Optoelectronics and Applications”, S. Gardelis, Sum-
mer School organized by NCSR “DEMOKRITOS”, July
2010, Athens, Greece

8. “Microelectronic Materials and Device Technology”,
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S. Gardelis, 6th Summer School “Methods in Micro-
Nanotechnology and Nanobiotechnology, September
13-17, 2010, Athens, Greece“Micro-fabricated TiO2-
ZrO2 affinity chromatography chip on poly(methyl
methacrylate) (PMMA) substrates for phosphopeptide
analysis”, K. Tsougeni, P. Zerefos, A. Tserepi, A. Vla-
hou, S. Garbis, E. Gogolides, 7th Aegean Analytical
Chemistry Days (AACD2010), Mytilene, Lesvos, 29
September - 03 October 2010

9. “Plasma nanotextured amphiphobic polymer surfaces
(poster)”, A. K. Gnanappa, K. Ellinas, A. Tserepi, E.
Gogolides, 8ο Hellenic Polymer Society Symposium
(H-POL8), 24-29 October 2010, Hersonissos, Crete,
Greece

10. “Metallodielectric PhoXonic Nanostructures”, I. E.
Psarobas, N. Papanikolaou, and N. Stefanou, O12
(proceedings p. 35) XXVI Panhellenic Conference on
Solid State Physics & Materials Science, Ioannina
(Greece), September 26-29, 2010.

11. “PhoXonic band gaps and waveguiding in nanostruc-
tured silicon slabs”, E. Almpanis, G. Gantzounis, N.
Papanikolaou, and N. Stefanou, O13 (proceedings p.
37) XXVI Panhellenic Conference on Solid State
Physics & Materials Science, Ioannina (Greece), Sep-
tember 26-29, 2010.

12. “Characterization of the vapor sorption properties of
methacrylic and siloxane polymers by an optical
method” Manoli K, Oikonomou P, Goustouridis D,
Raptis I, Sanopoulou M, 8th Hellenic Polymer Soc.
Symp. (Crete, Greece, 10/2010) 

13. Photoresists based on polymer backbone scission: a
route towards low LER nanostructures, T. Manouras
and P. Argitis , 8th Hellenic polymer Society Sympo-
sium, 24-29 October 2010, Crete, Greece

14. Laser induced cell patterning using polyacetals as
photodegradable substrates, Theodore Manouras,
George Pasparakis, Alexandros Selimis, Maria Vam-
vakaki  and Panagiotis Argitis, 8th Hellenic polymer
Society Symposium, 24-29 October 2010, Crete,
Greece

Edition of Conference Proceedings 

1. «Materials and Physics of Nonvolatile Memories II»,
Mater. Res. Soc. Symp. Proc.
C. Bonafos, Y. Fujisaki, P. Dimitrakis, E. Tokumitsu,

Vol. 1250, Warrendale, PA, 2010.

2. Editor Solid States Electronics
D.Tsoukalas

Conference and Workshop Organization 

“Materials and Physics of Nonvolatile Memories”, 

C. Bonafos, Y. Fujisaki, P. Dimitrakis, E. Tokumitsu, Sym-
posium G, MRS Spring Meeting 2010, 5-9 April, San Fran-
cisco, CA, USA

Patents

1. “Memory devices using proton-conducting polymeric

materials”, European patent application, EP 2277202
(2010), in continuation of PCT/GR2009/000023
(2009), Inventors: E. Kapetanakis, A.M. Douvas, D. Ve-
lessiotis, E. Makarona, P. Argitis, N. Glezos, P. Nor-
mand.

2. “Method for making a micro-array”, EPO Patent No
& Date: EP2173474, 14.04.2010A. 
Tserepi, E. Gogolides, P. Petrou, S. Kakambakos, P.
Bayiati, E. Matrozos

Ph. D. Thesis  

1.  Katerina Tsougeni, Chemist, MSc, PhD, “Micro- and
nano- texturing of polymers for the fabrication of micro-
analytic devices”, National and Kapodistrian University
of Athens, Chemistry Department

Msc Thesis

1. M.Fillipidou, “Study of Biological Interactions using Si
micromechanical sensors”

2. S. Karakitsiou, “Process development for nanostruc-
turing the active layer of organic photovoltaic devices”

3. E. Linarakis, “Si nanopatterning using electron beam
lithography” 

4. Athanasios Smyrnakis, “Cryogenic Etching Process for
Silicon Micro and Nanostructures”

5. I.Arhontas, “Label free bioanalytical determinations in
real time based on the monitoring of the periodic pat-
tern contrast on oxidized silicon”

Organization of Schools

6th Summer School  “Methods in  Micro-Nano
Technology  and Nanobiotechnology” ,  co-
sponsored by the PEOPLE-ITN-237962 project
CYCLON 

(ht tp: / /www.i tn-cyclon.eu) .

ht tp: / / imel .demokri tos.gr /SummerSchool2010
/ index.htm
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A. EU Projects 

� ANNA (IST-I3) - Contract No 026134
“European Integrated Activity of Excellence and Net-
working for Nano and
Micro-Electronic Analysis”
Duration: 1/12/2006-1/12/2010
Project leader:  A. G. Nassiopoulou

� NANOSIL (FP7) - Contract No 216171
“Silicon based Nanostructures and nanodevices for
long term  
nanoelectronics applications”
Duration: 1/1/2008-30/12/2010
Project leader:  A. G. Nassiopoulou

� PYTHIA (FP7) - Contract No 224030
“Monolithically Integrated Interferometric Biochips
for label-free 
Early detection of Human Diseases”
Duration: 1/5/2008-30/4/2011 
Project leader:  I. Raptis

� SPAM (FP7) - Contract No  215723  (Marie Curie)

“Surface Physics for Advanced Manufacturing”

Duration: 1/10/2008-30/9/2012

Project leader:  E. Gogolides

� TAILPHOX (FP7)  Contract No  233883  
“TAILoring photon-phonon interaction in silicon
PHOXonic crystals”
Duration: 1/5/2009-30/4/2012
Project leader:  N. Papanikolaou

� ΜiNaSys-CoE (Regpot-2009)  Contract No  245040 
“Micro and Nano Systems Center of Excellence”
Duration: 1/12/2009-1/12/2012
Project leader:  D. Tsoukalas

� SE2A  - ENIAC JU  
“Nanoelectronics for Sale, Fuel Efficient and Environ-
ment Friendly 
Automotive Solutions”
Duration: 1/1/2009-31/12/2011 
Project leader:  A. Nassiopoulou

� NANOFUNCTION Contract No  257375
“Beyond CMOS Nanodevices for Adding Functionali-
ties to CMOS”
Duration: 1/9/2010-1/9/2013

Project leader: A. Nassiopoulou

� NANO-TEC Contract No  257964
“Beyond CMOS Nanodevices for Adding Functionali-
ties to CMOS”
Duration: 1/9/2010-18/2/2013
Project leader:  A. Nassiopoulou

B. Projects funded by GSRT

� MEMSENSE   Corralia  
“Development of Innovative sensor systems offering
distributed intelligence”
Duration: 1/5/2009-30/4/2012
Project leader:  S. Tsamis

� Lab-on-chip   Corralia
“Microelectronic components for Lab-on-Chip mo-
lecular analysis 
instruments for genetic and environmental applica-
tions"
Duration: 1/11/2009-31/10/2012
Project leader:  S.Chatzandroulis

ANNEX IV: FUNDED PROJECTS in 2010



Institute of Microelectronics2010annual Report

National Centre for Scientific Research

Demokritos

Aghia Paraskevi, Athens, Greece
www.imel.demokritos.gr

Institute of Microelectronics

NCSR Demokritos


	introduction_IMEL_ANNUAL_2010.pdf
	progectI_IMEL_ANNUAL_2010.pdf
	progectII_IMEL_ANNUAL_2010.pdf
	progectIII_IMEL_ANNUAL_2010.pdf
	annexes_IMEL_ANNUAL_2010.pdf



