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PeannsyemMbie v 3aBepuieHHble npoeKkTbl IRSES

Terahertz applications of carbon-based nanostructures, EU FP7 TerACaN project FP7-
230778, 2009-2013, Principal Researcher: M. Portnoi (Univer Exeter, UK), team leaders S.
Maksimenko, O. Kibis (Novosibirsk, NSTU), I. Luk’yanchuk (Amiens University, France).

Nano carbon based components and materials for high frequency electronics, EU FP7
CACOMEL project FP7-247007, Call ID “FP7-PEOPLE-2009-IRSES”, 2010-2014, Coordinator: Prof.
Ch. Thomsen (Institut fuer Festkoerperphysik, TUB, Berlin, Germany), partners: S. Maksimenko, Y.
Svirko (University of Joensuu,Finland), Yu.N. Shunin (University of Latvia, Institute of Solid State
Physics). E. Obrazcova (A.M. Prokhorov General Physics Institute of RAS), P. Dyachkov ( Kurnakov
Institute of General and Inorganic Chemistry, RAS) G. Miano (Universita degli Studi di Napoli
Federico II, Italy)

Fundamental and Applied Electromagnetics of Nano-Carbons, EU FP7 project FP7- 318617
FAEMCAR, Call ID FP7-PEOPLE-2012-IRSES, 2012-2017, Principal Researcher: Ph. Lambin (Facultes
Universitaires Notre-Dame de la paix de Namur, Belgium), team leaders: Y. Banis ( Vilniaus
Universitetas, Lithuania), S. Bellucci (Istituto Nazionale di Fisica Nucleare, Frascati, Italia), L. P.
Bird (Research Centre for Natural Sciences, Hungarian Academy of Sciences, Budapest, Hungary ),
L.A. Chernozatonskii (Institute for Biochemical Physics RAS, Moscow, Russia), G. I. Dovbeshko
(Institute of Physics, NASU, Kiev, Ukraine), P. Kuzhir (INP BSU).

Carbon-nanotube-based terahertz-to-optics rectenna, EU FP7 project FP7-612285 CANTOR,
Call ID FP7-PEOPLE-2013-IRSES, 2013-2017, Principal Researcher: M. Portnoi (University of
Exeter, UK), team leaders S. Maksimenko (INP BSU), G. Slepyan (Tel Aviv University, Israel)

Nano-Thin and Micro-Sized Carbons: Toward Electromagnetic Compatibility Application,
project FP7-610875 NAMICEMC, Call ID FP7-PEOPLE-2013-IRSES, 2013-2017, Principal
Researcher: A. Celzard (ENSTIB, Universite de Lorraine, Epinal, Franse), team leaders: S. Bellucci
(Istituto Nazionale di Fisica Nucleare, Frascati, Italia), P. Kuzhir (INP BSU).



Nano carbon based components and materials for high frequency

2009-IRSES”, 2010-2014

Full Title: Nano-carbon based components and materials for high frequency
elecironics

SEVENTH FRAMEWORK PROGRAMME
Marie Curie Actions
FPeople
International Research Staff Exchange Scheme

Annex I - “Description of Work™

3. Project summary

A strong expansion of the frequency range towards tershertz and infrared is the major
trend m the modern electronics and optoelectronics. It relies on the incorporation of madern
vanotechnology that has already given the birth to nanoelectromics, 3 rapidly developing
discipline focused on both the dramatic incresse of the component inregraton level and
decrezse in a power consumprion. Ferformance of nanoelactronic devices is smongly mfluenced
by gquannum effects that offen even determine properties of nano-sized components. The project
aims &t understanding of fundsmentals of the elecoomagnenc processes in nanoci
theoretical and experimental investgation of underlving mechanisms responsible for their
fascinating properies, and development of physical basis for use of these properties in movel
nanoelactronic devices. The project focuses on resolving the problem of implementation of
CKTs nto nanoelecmonics, and fabricatdon of nonlinear devices in fibers and wavegnidas for
signal processing, all-optical switc , etc. The project has the fellowing main objectves:

— to reveal the effects of spatizl irregnlarivies in the performance of CINT-based
components and nanocrouis;

— 1o develop EMC theory of the circuits with nane-sized components;

— to perform experimental and theoretical investization of high frequency snd nonlinear
eptical properties of nano-carbon materials as poteansl materials for elecromagnetic
shielding and optical application

Linear and nonlinear elecmomammertic effects in nano-carbon stucmres, such as onion-like
carpon and both single- and multd-wall carbon nanombes, will be smdied. Detail consideration
to the performance of nanecircuits based on carbon nanomibes and other navocarbon materials
will be camied out, and fundamentals of the EMC theory as applied fo circuits with nano-sized
components will be developed. The role of mrermibe mnnellng mn the performance of CNT-
based high-frequency E:iIEl.I.i.TE\'\\':i]] be smdied. the second- and third erder nonlinear optical
effects in CMTs and other sp” nanocarbons to reveal their performance in nonlinear optical
devices will be investigared. Differant aspects of the design of materials based on sp2-
vanocarbons for photonics apd oproslecwonics will be considered and the smdy of
eleciromaguetic response of novel napo-carbon based composites o microwaves, THz, IF. and
optical frequencies will be undertaken in order to clarify their pessible use for elecmomagnetic
coating shislding for a wide specmum of technelogtcal applicadons.

The proposed multi-disciplinary research jeins in a complimentary way differently experienced
teams: elecromagnens theory and naneelectromagnetism, solid state physics and quantom
chemistry, characterization and optical spectroscopy of nano-carbons and papo-carbon
marerizls, and nano-carbon fabrication technology. The composition of the research
consortinm provides for both successful realization of the project objectives and imtensive
knowledze exchanse berween teams. The challensing project ralies on the complementary
expertize of the consortivm teams and iz based on the origimal approach combining
glecrrodynamics of mesoscopic inhomogensous media and gquanmm theory of electronic
ensambles with reduced dimensionalicy.

Acronym: CACOMEL

Proposal Number: 247007

electronics, EU FP7 CACOMEL project FP7-247007, Call ID “FP7-PEOPLE-

@ YcroiumBbIN Hay4Hble CBA3M

Scientific Panel: PHY: Physics

Grant Agreement Number:

Duration of the project: 43 months

1. List of partner organisations
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Fartuer Number | Fartuernome | Partger shortuame | Country
Toordinator Technizche Universitir | TUB Germany
(Bengficiary) Berlip, Insttut fir
—~—— Festkirperphysik o
W versity of Joensim Uﬁ
3 beneficiary Universita degli 3mudi | UNF Traly

di Wapol Federico II

University of Latvia,

Loadimyts of Solid Srate
Plysics

5 partmer organisation

Belarus State
University, Institute for
Muclear Problems

Belams

§ parmer organisation

A M. Prokhorov
(Zaneral Physics
[mstimate of Fussian
Arcademy of Sciences

GPI

Bussia

7 partmer organisation

Enmakov Institute of
(Zeneral and Inorzamnic
Chemisoy, Fnssian

Academy of Sciences

IGIC

Pussia




Fundamental and Applied
Electromagnetics of Nano-Carbons,
EU FP7 project FP7- 318617
FAEMCAR, Call ID FP7-PEOPLE-
2012-IRSES, 2012-2016

SEVENTH FRAMEWORK PROGRAMME
Marie Curie Actions
Feople
International Research Staff Exchange Scheme

Annex I - “Description of Work”

DESCRIPTION OF WORK

FART A

1. Grant agreement details

Full Title: Fundamemntal and Applied Electromagnetics of Nano-Carbons
Acromym: FAEMCAR

Proposal Number: 218517

Scientific Panel: Physics

Grant Agreement Number: FIRSES-GA-2012-

Duration of the project: £8 months

Project start date: October 1, 2012

2. List of participants (beneficiaries and partner organisations)

P?UT:-.E-:" Partici Participant Count
1 Beneficiary 1 /Fﬁuhés Univarsita re.s. Motre-Dame de la LPS
Mliszaki Fizikal es Anyagtudamanyi
2 Benefiglary 2 Kutatointezet - Magyar Tudomanyos MFA
Akademia
—
3 BensficialN3 I=titute mazionale di Fisica Mucleare LMF
4 Beneficiary 4 flnisus Universitetas %/m
5 Parner 5 Belarusian State University M= Selarus
B} Emanuel Institute of Biochemical Physics - . .
& Partner 0 Ruszian Academy of Science IBCP-RAS Ruzzia
7 Partnar T Institute of Physics of Mational Academy of - .
arne Science of Ukraine IP-HASL Ukrains

3. Project summary

Onwing to very small dimensions of nanostrocthores in one or more directions, spatial confinement of
charge carriers is fully achieved, providing therebyr a discrete spactrum of their energy states. In
addifion, infrinsic spatial inhomogeneity of nanostroctures dictates nanoscale inhomogeneity of the
surrounding electromagnetic fields. Therefore, understanding the properties of nanostructures requires
to deal with the intricate characters of their atomic structure, elecironic structure and electromagnetic
environment. Coming within the scope of this new field of "nano-electromagnetics”, the present
project zims at understanding how and why carbon nanostructores might have interesting
electromagnetic properties. The core of the project is the development, the experimental validation and
the exploitation of a consistant theory of the electromagnstic response in radio, microwave and THz
frequency ranges of regular carbon nanostructurss and polymer compaosites based on nanocarbons. In
particular, the project intends:

- to provide a forum for scisnfists specialized in different areas of the nanocarbon, and nanacarbon
materials synthesis and applications; - to interpret experimental electromagnetic data collected;

- to define physical grounds and to perform experiments for the design of a new generation of ultra-
light matsrials with confrolled electromagnetic properties;

- to explore the possibility of using chemically-modified nanocarbons in “thin" bio-medical and
nanophotonics applications

At this gim, seven teams belonging to three different scientific areas will joint efforts. The pariners
will equally contribute to the achievements of the ohjective of this multi-disciplinary project by
bringing their expertise in condensed-matter physics, electromagnetic theory, and applied
electromagnetism. The research efforts, both theoretical and experimental, are arficulated around four
work packages all involving strong collabarative links and knowledze transfer across the consorfium

@ YcTouMBbIN HayuHble CBS3M
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Carbon-nanotube-based terahertz-to-
optics rectenna, EU FP/ project FP7/-

612285 CANTOR, Call ID FP7-
PEOPLE-2013-IRSES, 2013-2017

SEVENTH FEAMEWORK PROGRAMME
THE PEOPLE PROGRAMME

International Research Staff Exchange Scheme

Annex | - “Description of Work™

PART A
1. Grant agreement details

Full Title: Carbon-nanoctube-based terahertz-to-optics rectenna
Acronym: CANTOR

Proposal Number: 612285

Scientific Panel: Physics

Grant Agreement Number: PIRSES-GA-2013-612285

Duration of the project: 48 months

@ YcroitumBbIN HayuHble CBS3M

@ BHoBb 06pa3oBaHHbIE CBA3M

2. List of participants (beneficiaries and partner organisations)

Participant . Participant
Numi Participant name Country -
1 Bagghiciary 1 F— = e United
{coordiTate University of Exeter UMEXE . >
/'mmr Unaversity, School of Elecirical
2 Benaeficiary 2 | Engineering, Faculty of  Engineering, TAU lsrael
———— | Nenanpan of Physical Electronics, ——
s Belarusian State University, Institute for Selorussian
3 Pariner 3 Muclear Problems State Uni Selarus

Y Fart B of Annex [, the abbrewation INF s ussd as parficipant short name instead
Belorusgian Sfate Uni

3. Project summary

The efficiency of taditional sermeonductor solar calls is the subject of a Amdamental lmtation
known as the Shockley-Oueisser recombination lmut, and 15 found to be near 30752, The mvention in
the early eighties of solar cell rectifying anfennas (rectermas) — a combination of an optical antenna
and a rectifiving diode to efficiently absoib the merdent selar radiation and doectly comvert the ac
field across the antennz nto the de power - providas 2 way to overcome the limitation, Fecent rapid
teckmelogical progress m the design of dfferent nano-dimensionsl shuchres gives riss 0 a new
promusing possibility i designing nanorectennas. A solar cell wall incouporate a large aray of such
elemeants, which provade hugh comversion efficisncy, and can be produced cheaply m 2 roll-to-1oll
process. However, practical realization of such devices requires precise theorsfical modsling and
experimental study to provide optmuzation of the anfemna and nanocontact configuration. The
project focuses on the plovsics and theoretical modellmz of nanctectssma performance. The
rectification effect comes from the photo-assisted charze camer tumeling thaough z nanogap. For
the efficiency enhancement, we propess usmg the coherent effect of the photon dressing of the
elactron-hols paus. Theorsfical modaling will be carred out on the basis of the Landauer- Battiker
formalizm extendad to the case of pheton-dressed electrons. The fmdamental thermodymanme
Imutation of the rectenna efficiency and prospective applications of the device are to be smdiad.
Thes mulbdiserplinary and challenging project 1elies en the complementary expertise of the
consorivam teams and s based on the owigmal approach - nancelectromagneties - combimng
electrodynamics of mesoscople imhomogeneous media and the quantum theory of electrome

ensambles with reduced dimensionality.



Nano-Thin and Micro-Sized Carbons:

Toward Electromagnetic Compatibility

Application, project FP7-610875

@ YcroluMBbLIN HayyHble CBS3M

NAMICEMC, Call ID FP7-PEOPLE- @  BrosL 06pasoBanHbIe CaH

2013-IRSES, 2013-2017
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International Research Staff Exchange Scheme

Annex | - “Description of Work”

FART A

1. Grant agreement details

Full Title: Nano-thin and micro-sized carbons: Toward electromagnetic compatibility
application

Acronym: MAmiceMC

Proposal Number: G10875

Scientific Panel: physics
Grant Agreement Number: PIRSES-5A-2012-810875

Duration of the project: 48 months

2. List of participants (beneficiaries and partner organisations)

Participant Participant

Number Participant name chort name Country
FIRET Franc
{con " :?r‘v University of Lomraine JL one__P

raemaTaNCNal Laboratory at the Mationa CHF TFFR =Ty

foigry , "
2 Benefo@ T | nstitute of Nuc'ear Physics

o Belarus State UNWersTy T Tor NIeear— TR BS T | Belarus
4 Pariner™ 3 Broblems

* Benaficiary: ELVAC nsidution

" Barimer Other Third © ¥ InsHtutian

3. Project summary

The remarkable progerties of hiph-surface area carbons, compatible in that with carbon namotabes, provids a
iremendous oppemumity for fabrcation even at very lew filler concentrations, of composiies with
outstanding  elecmical apd electromagpetic propemiss. Due to thelr maoliifuncriomal properies,
carpon‘polymer composiies can be widely ussd as relatively low weizht and ulira-thin effecive alacinc and
opitcal compensnts, as well as elecromaznetic (EM) shieldmz and absorbicez coatings. At the same time,
niima-lightwaizht carbon foams. being highly conductive, are expectad to have very high EM shislding abiliny
dus 1o their cellular stmcmre. Maoreowver, carbon foams have exmemesly low cost. and demonsmate
outstanding thermal insulation [ fire resistant and good mechanical properiies. Along with polymer’carzon
campasites and kighly conducting porous carbon moaeliths, one mers very anmctive abject for imvestization
its elacromaznetic propermies is ulmathin carbonaceous film - pyrelytic carbon or a few layer zraphene. We
expect that they could absork up o 30% of the incident microwave powser despite the fact that their thicknass
is enly 2 small fraction of the skin depth. The idea of the project is to provide comparative smdy of EM
shislding effacrivensess of carben foams, carben ulma-thin films mmd epeny/carbon comipasites with low filler
copcenTation in microwave Seguency racge and to support the experimental data with an adeguare
theoretical model of materials” elecromageetics. On the basis of ouwr theoretical simulations amd
experimental database collecied withm the project teplementation. we mtent to conofribute tnee solutea of
onz of the most challenzing problem in material sciznce: o develop EM coating through desizo-prianted-
approach.



Institutional Development of Applied Nanoelectromagnetics:
Belarus in ERA Widening, EU FP7 BY-NanoERA project FP7-
266529, Call ID FP7-INCO-2010-6, 2010-2013
Coordinator Prof. S. Maksimenko

The Belarusian State University Award named
by Academlaan AN. Sevchenko for the work
Ek ofnar tures".

Ol eAC]

((BY-
NANES
(=RA

www.nano.bsu.by

‘g ,wnfwmmrr rN(;

Pt o e

Y | Lead partner:
A Special Sess:on Nanoelectromagnetics” at the 3
> on phys.":g Chemistry and Research Institute for
of g 2011", Nuclear Problems BSU,
May 24-29,2011. 220030, Belarus
. 11 Bobruiskaya Str., Minsk
jence and Nanotechnology 2011 www.inp.bsu.by \ /
% | INFN, Frascati, 26-30 September 2011.

Prof. Sergey Maksimenko
Director,
Project Coordinator
| Tel. +375 17 226 42 23
Fax +375 17 226 51 24
sergey.maksimenko@gmail.com

88| A special school-type one-day session
| devoted to topics of interest of the EU
project BY-NanoERA .

A Special Session “Electrodynamics of \
nanowires and nanotubes” headed by &
Dr. G. Slepyan (INP) at the Int. Conference
on Electromagnetics in Advanced _ =
Applications, September 12-17 2011,
Torino, ltaly.

BY-NanoERA

Institutional Development of Applied Nanoelectromagnetics:
Belarus in ERA Widening

Fp7 INCO.2010-6.1 Grant no: 266528

Dr. Polina Kuzhir
Head of laboratory
Tel. +375 17 200 74 10
Fax +375 17 226 51 24
polina.kuzhir@gmail.com

A special tutorial "Emerging Nanoscientific
Developments™ has been presented by 6 key
lectures and 11 invited talks.

BY-NanoERA is founded by the European
Union's 7th Framework Programme. The call
R identifier: FP7-INCO-2010-6. Grant no: 266529.

- The duration of the project is 36 months:

S.A. Maksimenko from November, 1, 2010 until October, 31, 2013.

Challenges and Perspectives in
Nanoscale Electroma bcs

oped for lNP BSU will be proposed and dnssem«
nated as a model for the integration of the other

Belarus teams into European Research Area.

The project partners work together on three work
1. Fra_mlng and supporting the INP BSU's research

of NEM.

2 Facllltaung INP BSU's research potential,
inf ion exchange and identifyi

3. Training for INP BSU's competence bunldmg and
facilitating its participation in FP7.

@ YcToluMBbIN HayuHble CBA3M

@ BHoBb 06pa3oBaHHbIe CBSA3M

oftm

As a principal goal, the proposed projectimplies:
Reinforcement of the capacities

of INP
BSUInERA of
the new research discipline — applled

On b aabsds
« To prove necessity and promising capability of
NEM in the core objective of FP7 Theme 4 'NMP'
and to develop a concept of nanoelectromagnetics
as a perspective direction in NMP;

« To develop the strategy of INP BSU as a focus
institution for the applied NEM evolution on the
national and European levels;

+ To establish network with research centers in MS
or AC in applied NEM aimed with the progress in
solving concrete research problems and submis-
sion of joint INCO proposals;

+ To develop training modules to build competency
and facilitate the participation in FP7 of INP BSU;

+ To organize a set of workshops and seminars on
NEM;

+ To propose the reir cheme developed
for INP BSU as a model for the Belarus teams'
incorporation into ERA.

Key directions of the work:
I. Electromagnetic waves and signal propagation in
nano-sized components and integrated nano-

structured ibility
problem on lhe nano scale.
H. EX properties of compos-
ite rials with nano incl g
shielding nanocarbon in

icati rbon based

lll. lonizing radiation shielding materials; boron,
boron nitride and chemically modlﬂed (doped)
carbon based

IV. Heat transfer on nano scale and in
nanocomposites exposed to high-frequency flelds.
V. Nanocarbon in medical applications; far-infrared
and terahertz range thermolysis of cancer cells.

BY-NanoERA Consortium

Project Coordinator:

Project Partners:

Research Institute for Nuclear
Problems BSU, Belarus

| Ii | Institut flr Festkorperphysik TUB,

OLEM, Institute of Mechanics-BAS,

8, National Institute Nuclear Physics,
INTN “al

Bea A
—

|®]

Sclentific links In Consortium

NanoElectronics

L
I

MetaMaterals

FORTH

Institute of Electronic Structure and
Laser, Greece

Information Support, Belarus

Scientific & Technological Park of
BNTU “Polytechnic”, Belarus

Shields
Applied Nano I
ElectroMagnetics I

Advanced
Materiais
Polymer Scnenoe



Multi-layered sandwich graphene devices (MILESAGE)

[TogaHHblE HA KOHKYPChI
Graphene-Based Ré;?;lil)tli_;léltsq_iél ICT And Beyond eBp Onel‘/’ICKme I-Ip OeKTbl:

Grant agreement number 604391

CP-CSA Graphene Flagship

OCHOBOM CTa/1n TeKyLime NpoeKTbl
IRSES

FP7 IRSES Cacomel,

FP7 IRSES FAEMCAR,

FP7 IRSES NAmiceMC

February 2, 2014

Multi-lavered sandwich graphene devices
(MILESAGE)

n npoekTt INCO By-NanoERA

Table 2.2a. Recent and ongoing scientific projects imvolving af least twa of the present pariners

Universite de Nam ¥
1 Rue de Brusell ) Pl e Pa. ) S
B-5000 Namur, Belgiu Project Period | P1 | P2 | P3| P4 | B3 | P6 | 7| P8
Philippe Lamb I3 b . b v + 1 ! b
+32-817247; FP7-ICT-2007.8.1 FET Proactive 1: Mano-scale [ICT devices and | Z005- A 4
philippe Jambin@unamur.| systems “Carbon nanotube technology for high-speed nano- 211
interconnects” CATHERINE
FP7-INCO-Z * bonal Dievelopment of Applied Hae- X x| x
Nz romagnetics: Belarus in ERA Widening” BY- 2013
2noERA
FP7-PEQOPLE-2005-IR5ES "Nano carbon based companents and (2010- x| X N
materizls for high fraguency electronics” CACOMEL 2014
FP7-PECPLE-2012-IR5ES “"Fundamentzl and Applied Mz |z | x X X
Electromagnetics of Nano-Carbons™ FAEMCZAR e
FP7-PECOPLE-2013-IR5ES "Nano-Thin and Micro-Sized 3 X X
gns: Toward Electromagnetic Compatbility Application’ 217
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Emerging Security Challenges Division
Science for Peace and Security Programme

PROJECT Application

MNATO Emerging Secunty Challeogss Dnisoz, SPE Progremnmn, Bd. Liopold I, B-1110 Bmss:ls, Belzum
Sqnd applicatons 1o sps.applicaiionsiihe naso int

Electromagnetic Interference Shield based on High Surface Area Carbon

1] Facilitate mutually beneficial cooperation on issues of common interest, including
international efforts to meet emerging security challenges
al Counter-Terrorism
ij Methods for the protection of crifical infrastructure, supplies and personnel
el

NATC and Pariner Country ﬁrujent Directors

Celzard Alain Prof. Professor
University of Lorraine 27 rue Philippe Seguin, CT5 80036, France
8E026 Epinal Cedex

+33 03292961 14 +3303 25 2561 38 alain_celzard@univ-lorraine.fr

Kuzhir Folina Dr. Head of Laboratory
Research Institute for Nuclear Bobruiskaya Str., 11 220030 Minsk Belarus
Froblems of Belarusian State

University

+373 17 200 7410 +373 1T 226 51 24 polina.kuzhir@gmail .com
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FP7 IRSES NAmiceMC
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NMnanuvpyemblie K nogade Ha KOHKypc H2020 RISE
Research and Innovation Staff Exchange
Call: H2020-MSCA-RISE-2014 npoeKTbl

Terahertz and Microwave Applications of Collective Excitations in
Novel Carbon/Inorganic hybrid Nanostructures Advanced Nanostructures
Legal Legal Academ
Partnership Entity Academic Partnership Entity "
Member Short (Y/N) Country Member ShoRt YICN Country
Name Name (Y/N)
Beneficiaries Beneficiaries
Center of Physical | CPST Y Lithuania Mediterranean Institute of | MIFP Y Italy
fecc'ﬁrr‘]‘;?ogy and Fundamental Physics
WEIZMANN Wis Y Torael University of Exseter EU Y UK
INSTITUTE  OF ' ' . '
SCIENCE University of Eastern Finland UEF Y Finland
Institute of | IM-BAS N Bulgaria - -
Mechanics, University of Iceland Ul Y Iceland
Bulgarian Academy
of Sciences Partner Organisations
Partner Belarus State University, INP Y Belarus
Organisations Institute for Nuclear Problems BSU
Belarusian  State | INPBSU | ¥ Belarus Erevan State University ESU Y Armenia
University, )
,F.-f)erseamh InSNtl'Jztlg;f De La Salle University DLSU Y Philippines
Problems

> OcHOBOM CTa oe IRSES

";53771 5?55’-7:_55%‘5’\‘/”%‘; FP7 IRSES Cacomel
FP7 IRSES CANTOR

" I'IpOEKT INCO By-NanoERA ' YCTOMYMBBIN Hay4YHble CBS3U

‘ BHoOBb 06pa3oBaHHblE CBA3M



[logaHHbIe HA KOHKYpPCbl eBponenckme npoekTbl: COST

OcHoBOM cTtanun poekTtbl IRSES
FP7 IRSES TerACaN,

PARTICIPANTS

FP7 IRSES Cacomel,

FP7 IRSES FAEMCAR, Dr. Stefano I:ellu:ci, (c;oordin;tor, INFN, Italy

: Dr. Maria K i, FORTH

FP7 IRSES NAmiceMC r- Maria raresaxl, s oreece

FP7 IRSES CANTOR Prof. Raluca Muller, IMT Bucharest, Romania
Prof. Rumiana Kostilkova, IMech-BAS (OLEM),

n npoekt INCO By-NanoERA Bulgaria
Prof. Alain Celzard, CNRS Institut Jean Lamour,
France
Prof. Yuri Shunin, ISSP, Latvia

Title: Nanoslectromagnetics facing societal challenges Prof. Irina Hussainova, University of Tartu,

Estonia

Acronym: NEMASD Prof. Juras Banys, VU, Lithuania

Ahstract; Prof. Gregory Slepyan, TU, Tel Aviv, Israel
Prof. Yuri Svirko, UEF, Finland

The potential of nanosized elements and nanostructured materizls for the manipulation of Dr. Mikhail Portnoi, University of Exeter, UK

electromagnetic fields motivates the recent introduction of 2@ new research discipine -
nanoelectromagnetics [MEM) — which conceptually is 2 fusion of classical electrodynamics with novel
methods and approaches of condenssd matter phiysics. To move towards societal challenges for further
ER4 development, MEM needs an intensive interdisciplingry knowledze eschangs between different
scientific communities. As the crucial issue for success is involvement of industry along with academic ~ Prof. Philippe Lambin, U Namur, Belgium
research, actions targeting industry will be taken. We have letters of interast by several industries. The ~ Prof. Axel Hoffmann, TUB, Berlin, Germany
platform yielded by the project will be made available. Close contact with users will be kept through

wiorkshops, @ web forum dealing with NEM fundamentals; NEM for electromagnetic, Biomedical and ICT

applications; nanophotonics, photovoltaics and metamatenials, by a network of ressarch groups as

e CpeaHunin h-cbaktop = 23
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Prof. Akhlesh Lakhtakia, Penn. State Univ., USA
Dr. Geza Mark, MFA, Budapest, Hungary
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PHYSICAL REVIEW B 85, 165435 (2012) sl (
PHYSICAL REVIEW B 81, 205423 (2010)

Experimental evidence of localized plasmon resonance in composite materials containing Terahertz conductivity peak in composite materials containing carbon nanotubes: Theory and
single-wall carbon nanotubes interpretation of experiment

G. Ya. Slepyan, M. V. Shuba, and S. A. Maksimenko
Institute for Nuclear Problems, Belarus State University, Bobruiskaya 11, 220050 Minsk, Belarus

M. V. Shuba, A. G. Paddubskaya, A. O. Plyushch, P. P. Kuzhir, G. Ya. Slepyan, and 5. A. Maksimenko

Instinute for Nuclear Probiems, Belarus Srare University, Bobruiskaya 11, 220050 Minsk, Belarus C. Thomsen
Institut fiir Festkorperphusik, Technische Universitit Berlin, Hardenbergstr. 36, D-10623 Berlin, Germany

V. K. Ksenevich and P. Buka A Lakhtaki
Deparnment of Physics, Belarus State University, Nezalezhnasisi Avenue 4, 220030 Minsk, Belarus - Lakhtakia

D. Seliuta, I. Kasalynas, J. Macutkevic, and G. Valusis

Thin Solid Films 519 (2011) 4114-4118

C. Thomsen
Institurt fiir Festkorperphusik, Technische Universirdr Berlin, Hardenbergstrafie 36, D-10623 Berlin, Germany

Contents lists available at ScienceDirect

Thin Solid Films

A. Lakhtakia
Nanoengineered Metamarerials Group, Department of Engineering Science and Mechanics, Pennsylvania Stare University, ol hemapane: wocleorinneomienata it
Universiry Park, Penmsyivania 16802-6812, USA

Projects visibility (2010-2013)

Microwave probing of nanocarbon based epoxy resin composite films:
Toward electromagnetic shielding

P. Kuzhir **, A. Paddubskaya?, D. Bychanok? A. Nemilentsau ? M. Shuba?, A. Plusch ? S. Maksimenko ?,

InViTCd .I.al ks: 10 (INP) ?;]i;e;llt:sclcsl"; J]-..Bi?_lc;esrgni b F. Micciulla®, 1. Sacco®, G. Rinaldi €, J. Macutkevic 9, D. Seliuta9,
e.q. 2013 International Symposium on
Electromagnetic Theory (Berlin)

Diamond & Related Materials 19 (2010) 91-99

Contents lists available at ScienceDirect

Diamond & Related Materials

Talks: 73 in total, most of them are oral -
presentations

Dielectric properties of a novel high absorbing onion-like-carbon based
polymer composite

J. Macutkevic **, P. Kuzhir ®2, D. Seliuta®', G. Valusis ®', ]. Banys °, A. Paddubskaya ?, D. Bychanok "2,

Paper‘s pu bl iShed: 114 in TOTGI in PR B l A PL ’ G. Slepyan ", 5. Maksimenko "2, V. Kuznetsov “*, . Moseenkov “*, 0. Shenderova *, A. Mayer “¢, Ph. Lambin "
JAP, NCanTCChnOIqu,QTC APPLIED PHYSICS LETTERS 97, 073116 (2010)

Terahertz sensing with carbon nanotube layers coated on silica fibers:
Carrier transport versus nanoantenna effects

Dalius Seliuta,*® Irmantas Kaé‘alynas.1 Jan I'\r1<':u:utke\.fic,1 Gintaras Valusis,'

Mikhail V. Shuba,® Polina P. Kuzhir,® Gregory Ya. Slepyan,3 Sergey A. Maksimenko,?
Vitaly K. K_s_en_e\.f_ic_h,_4 Viadimir S_arn_uilov_,5 and Qi Lu®
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MonoaexHsie rpaHTLL

paHTLI MexayHapoaHoU genepauum ydeHbrx (World Federation of Scientists,
National Scholarship Programme in the frame of the topic "Science and Technologies
for Developing Countries™)

Nonlinear optical properties of carbon nanotube composites, World Federation of Scientists, National Scholarship
Programme in the frame of the topic "Science and Technologies for Developing Countries”, 2004. Grant holder A.
Nemilentsau under supervision of S.A. Maksimenko

Optical properties of carbon nanotube based composite medium, World Federation of Scientists, National
Scholarship Programme in the frame of the topic "Science and Technologies for Developing Countries”, 2008. Grant
holder M. Shuba under supervision of S.A. Maksimenko

IpaHT mexayHapoaHol pepepaumm ydeHbrx (World Federation of Scientists, National Scholarship Programme in
the frame of the topic "Science and Technologies for Developing Countries"). «OuanexkTpuyeckue cBOUCTBA
MOSIUMEPHLIX KOMMO3UTHLIX MATEPMArIOB Ha OCHOBe HaHoyrnepoaa», 2010/2011, TTonyyatens rpaHTa: acnupaHT [.C.
BerueHok, HayuHbIN pykosoauTens: C. A. MakcumeHKo

IpaHT mexayHapoaHoW peaepaumm yyeHbix (World Federation of Scientists, National Scholarship Programme in
the frame of the topic "Science and Technologies for Developing Countries"). «Rabi waves in quantum dot-based
nanostructures», 2011/2012, TTonyuatens rpaHTa: acnupaHT E.Epuak, HayuHerl pykosoautens: I'.4.CnensaH

IpaHT mexayHapoaHou eaepaumn ydeHbrx (World Federation of Scientists, National Scholarship Programme in
the frame of the topic "Science and Technologies for Developing Countries”). 2012/2013, TTony4atens rpaHTa:
acnupaHT O.I". TToaay6bckas, HayuHbIl pykosoauTenb: C. A. MakCUMeHKO.

IpaHT mexayHapoaHoU eaepaumm yyeHsrx WFS Belarus National Scholarship Programme "Experimental study and
theoretical simulations of electromagnetic response of carbon foams and polymer/nanocarbon composites”,
TTonyuatens rpaHTa TTnrow, A.O. HayuHbin pykosoamutens - Makcumerko C.A.



MonoaexHsie rpaHTLL

paHTer PEEN, KOHKYpC "HayuyHaa pab6ota monoasix ydyeHbix us ctpaH CHI B
POCCUMCKUX HAYUHBIX OpraHusaumax’

FpaHT P®®W, koHkypc "HayuHas paboTta monombix ydeHbIX u3 ctpaH CHI B pocCUMCKUX HAy4HbIX OpraHusaumax”
MOB_CHI_CT 2010 T. "HayuyHas pabota mononoro y4eHoro HemuneHueesa AHapes Muxannosuua w3 benopyccum B
WHCTUTYTe HeopraHuyeckor xummm um. KypHakoesa PAH".

IFpaHT P®3M, KoHkypc "HayuHas paboTa momnoasix ydeHbIX U3 cTpaH CHIT B pOCCUMCKUX HAy4HBIX OpraHusaumsax”
MOB_CHI'_CT 2010 I'. u MOB_CHT'_CT 2011 T". "Hayu4Haa paboTa monoaoro yyeHoro beryeHka Omutpua Cepreesuua us
Benopyccuu B UHcTUTYTe HeopraHuueckou xumum CO PAH"., Hosocubupck, TpaHTononyuvatens BeryeHok [.C.

IpaHT P23 Ne 13-02-90919 "nekTpoHHbIe CBOUCTBA MPAPEHOBLIX HAHOMEHT C 3Ur3aroobpasHo MOAUPULINPOBAHHEIMU
Kpasmu", BbInonHsembI Copoko B.A. B PefepanbHOM rOCyAApCTBEHHOM 6HOAXETHOM yuypexaeHUU Hayku KMHcTutyTte
buoxumuueckom pusmkm um. H.M. SmaHyansa Poccuiickoii akapemum Hayk (MBX® PAH).

IFpaHT P@®U "mon_wH_Hp" Nel3-03-90915, sbrnonHsembrh BonbiHeu H.W. B WMHCcTUTYTe HeopraHuueckou xumum CO
PAH (r. Hosocubupck) B 2013 roay noa pykoBOACTBOM [OKTOpa pu3.-mat. Hayk A.B. Okotpyba: «BszaumosgericTsue
MUKPOBOJIHOBOIO U3JTyYEHUS C KOMITOIULMOHHBIMU MATEPUATIAMU HA OCHOBE XUMMYECKU MOANPUUUPOBAHHOIO rpageHa
B r1OJIMMEPHOU maTpuLes.

Lithuanian State scholarship - 2 acnupaHTta POCAONTAS
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Theory of optical scattering by achiral carbon nanotubes and their potential as optical
nanoantennas

GY Slepyan, MV Shuba, SA Maksimenko, A Lakhtakia - Physical Review B, 2006 - APS

Among a variety of different nanostructures, quasione-dimensional carbon macromolecules

called carbon nanotubes1 CNTs are the subject of intense research worldwide—largely

e igue electronic properties. It is well known that, depending on the ...
| lutupyeTca: 131 [Bxowwue ctaten Bce sepcum ctateu (3) WmnopTupoeaTtk B BibTeX Ewe

Electromagnetic wave propagation in an almost circular bundle of closely packed metallic carbon

nanotubes

MV Shuba, SA Maksimenko, A Lakhtakia - Physical Review B, 2007 - APS

Carbon nanotubes CNTs have been the subjects of intensive research in the area of

nanotechnology for about 15 years, 1 yet understanding of their fundamental physics is far
oz pe topic under intensive investigation is their electromagnetic response. ...

LintupyeTtca: 68 [loYokue ctaTeu Bce Bepcum cTateM (6) WmnopTuposatk B BibTeX Ewe
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D

Theory of multiwall carbon nanotubes as wavequides and antennas in the infrared and the visible

regimes
MV Shuba, GY Slepyan, SA Maksimenko, C Thomsen... - Physical Review B, 2009 - APS

Their unusual physical and chemical properties and their potential applications in a variety
of nanotechnologies make carbon nanotubes CNTs very interesting objects to

gcnnoscien 42 despite possible health hazards. 3 In particular, CNTs have been ...
wTupyeTca. S8 _Moxoxume ctate Bce Bepcum ctaten (7) MmnoptupoBate B BibTeX Ewg

Terahertz conductivity peak in composite materials containing carbon nanotubes: Theory
interpretation of experiment
GY Slepyan, MV Shuba, SA Maksimenko, C Thomsen... - Physical Review B, 2010 - APS

Carbon nanotubes CNTs Ref ‘1—single-or multiwalled hexagonal networks of carbaon atoms
rolled up into cylinders—are extensively studied as potential components of high-frequency

plaetrs mtemgLich as transmission lines, 2 interconnects, 3 and antennas 4-11 ...

| luTupyeTca: 46 [gloxue cTatb Bee Bepcuu cTath (4) Wmnoptupoeats B BibTeX Euwg
Carbon nanotube antenna: far-field, near-field and thermal-noise properties
_, GY Slepyan, AM Nemilentsau, MV Shuba - Physica E- Low- _, 2008 - Elsevier

A theory of the metallic achiral carbon nanotube (CNT) as a vibrator antenna is presented
The Leontovich-Levin integral equations method has been extended to the case of CNTs.

rarerasens for the finite-length CNT and CNT bundles have been solved ...
LintupyeTca: 25 Jdoxowwue cTateu Bce Bepcum cTatem (3) Wmnoptupoeatk B BibTeX Ewe
Substitutional doping of carbon nanotubes to control their electromagnetic characteristic:
AM Nemilentsau, MV Shuba, GY Slepyan, PP Kuzhir _ - Physical Review B, 2010 - APS
Materials containing metallic carbon nanotubes CNTs can be used for the effective

manipulation of the electromagnetic fields in the megahertz MHz, gigahertz GHz, and
terahertz THz regimes. Particularly, for the rapidly emerging areas of THz sensing and ...

Lntupyetca: 13 [oxokue cTaTe Bce Bepcum cTatem (3) Wmnoptuposatk B BibTeX Ewe

Radiofrequency field absorption by carbon nanotubes embedded in a conductive host
MV Shuba, GY Slepyan, SA Maksimenko ... - Journal of Applied ..., 2010 - ieeexplore.ieee.org

Abstract Understanding the electromagnetic response of carbon nanotubes (CNTs) in the

radio frequency range is very important for expenmental development of therapeutic and

diagnostic CNT applications, including selective thermalysis of cancer cells and ...

Lntupyetca: 14 T[loxowwue cTateu Bce Bepcuum cTateM (6) WmnopTtuposatk B BibTeX Ewe

Absorption cross-section and near-field enhancement in finite-length carbon nanotubes i
terahertz-to-optical range

MV Shuba, SA Maksimenko, GY Slepyan - arXiv preprint arXiv.0806.2954, 2008 - arxiv.org

Abstract: Electromagnetic characteristics of single-walled finite-length carbon nanotubes-

absorption cross-section and field enhancement in the near zone-are theoretically studied in

a wide frequency range from terahertz to visible  The analysis is based on the impedance- ...

Lutupyetca: 10 [oxoxwue ctatb Bee Bepcuuw cTath (4) WmnopTtupoeats B BibTeX Euwg
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BO3MOXXHOCTMW B PO:
EBpona oTHecna P® k UHAyCTpUasibHbIM CTPaHaM

PoccMnUCcKun HayuHbIn poHA «lpoBeaeHne pyHaaMeHTanbHbIX
HaY4YHbIX WCCNEeAOBaAHMN U MOMUCKOBbLIX HAYy4YHbIX MCCNeaoBaHUM
OTAENbHbIMM Hay4YHbIMWU rpynnamMu»: dyHAAMEHTalibHble U
nouckoBbie HUP

NMporpaMmMma pa3BUTUA PEruoHOB, M, B TOM 4UC/le HAYKU B
pernoHax: npuknagHboie HUP

NMNonapaHue KpynHoro yHuBepcuteta B 4ucno 15-tm BY3o0s,
KOTOpble PO npoaBUraeT B TOM-100. B
HUX dopmMunpytoTcs NIu
mMoaepHusnpytotca "LleHTpbl uccnegosaHun" un  "Jlabopatopuu
MMPOBOIro YpPOBHA", KaK CTPYKTypHble eauHuubl Beayuiero
nccnenoBaTenbCKoro YHUBEpcUTeTa noa
creymanbHoO BblAe/NIeHHble ans 3TOro cpeacTea:
MeXAyHapoaHoe COTPYAHMYECTBO C YYEHbIMU C BbICOKUM
PEUTUHIOM



Posib Me>XXaAyHapoAHOW MOGUIbHOCTH
B pa3BMTUM Hay4yHOM slabopaTopumn

pOCT aBTOpUTEeTa B NpodeccnmoHarbHOW cpeae
(H-factor, nybnukaunm B BbICOKO-PEUTUHIOBbIX XYpHasiax
opraHmsauma KoHdepeHuumn (cneucekummn),
yyactue B NpodeccnoHanbHbIX coobuiecTBax),
HoBble NCTOYHUKN DUHAHCUPOBAHUS,
noaroTtoBka, nogava, rnoslydyeHme mn BblMOSIHEHME HOBbIX NPOEKTOB
BO3MOX>XHOCTb NPUBJIEYEHUS HAYYHOW MOSIOAEXUN U 3pesblX CreynanmncTo
K BbIMO/IHEHUIO MPOEKTOB,

YFJ'IYGJ'IeHMG n/vnu paclwumnpeHune nosia AedaTesibHOCTMU.

PocT u ycuseHne Hay4yHoMm KomaHp,b|>

Ctpaternsi pasBuTuUsa A0OJ1DKHA NPUNATU HA CMEHY

CTpaTermm BbidXkKmBaHums
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