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FOREWORD 
 

On behalf of the Organizing Committee it is our pleasure to welcome you to the 2018 Edition of 

FANEM, Workshop on “Fundamental and Applied NanoElectroMagnetics”,  

Following the success of the 2015 Edition, this workshop has become a unique forum for scientists 

and technologists providing a complete coverage of the current state-of the-art in nanoelectromagnetics. 

Internationally-recognized experts in different areas of nanotechnology and electromagnetics discuss 

about general theory, modelling, design, synthesis and characterization, focusing on different 

applications ranging from commercial thin-film coatings to metamaterials, from circuit components 

to nanodevices. 

The focus of the 2018 Edition of FANEM is on nanoelectromagnetics enabling technologies for the 

Terahertz applications. Terahertz technology is indeed a challenging frontier in electronics and 

electromagnetics applications, with a potential huge impact on fields like medical imaging and security, 

as well as spectroscopy, characterization, failure analysis and so on. 

The technical program of FANEM is organized in 10 technical sessions (9 oral and 1 poster 

session), touching a wide variety of topics, including general theory, modelling, design, synthesis, 

characterization and applications, ranging from commercial thin-film coatings to metamaterials and to 

circuit components and nanodevices. 

We wish to thank all the people and the institutions that made possible this event, starting from the 

NATO, that has sponsored the workshop under its Science for Peace and Security Program, the 

Department of Electrical and Information Engineering of the University of Cassino and Southern 

Lazio, Cassino, Italy, and the Institute for Nuclear Problems of the Belarusian State University, 

Minsk, Belarus that have co-organized the event. 

We also wish the journal Applied Sciences (MDPI, Switzerland) for sponsoring the Best Poster 

Award, and SOL Instruments (Belarus) for sponsoring the workshop. 

Finally, a special mention is to be given to the Organizing Committee members for their support, 

and to all the staff members and volunteers who put extraordinary efforts to make FANEM 2018 a 

memorable event. 

 
We wish you a warm and pleasant stay in Mink.  

 
Welcome, Сардэчна запрашаем, Benvenuti. 

 
 

The FANEM 2018 co-directors: 
 
Antonio Maffucci  
 

 
Sergey Maksimenko 
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SESSION 1: Exploring the THz range: material synthesis and characterization – PART 1 

  

Two-dimensional nitrides for THz to UV detectors 
 

M.S. Prete1, F. Bechstedt2, O. Pulci1* 
 

1 Dipartimento di Fisica, and INFN, Universita’ di Roma Tor Vergata, Italy 
2 Friedrich Schiller Universität, Jena, Germany 

 
*Speaker and corresponding author: olivia.pulci@roma2.infn.it 
 
Keywords: Ab-initio calculations, Density Functional Theory, Many Body Theory, 2-D, Nitrides 
 

Summary 
 

Group-III Nitrides have received great attention for high-power electronic devices and for 
optoelectronic applications such as light-emitting diodes. In particular, in 2014 Akasaki, Amano e 
Nakamura were awarded with the Nobel Prize in Physics for bright and highly efficient blue LEDs [1]. 
In addition, in recent years, theoretical and experimental studies on graphene have provided a wide 
range of knowledge for a new class of 2D materials [2, 3, 4, 5, 6]. Motivated by these recent 
developments, we present here a systematic ab-initio study of the electronic and optical properties of 
two-dimensional Nitrides (BN, AlN, GaN, InN, TlN). In particular, the geometry is investigated within 
Density Functional Theory (DFT-LDA), while the electronic properties are calculated with the Many 
Body Perturbation Theory in the GW approximation. These materials are predicted to have a 
honeycomb flat structure like graphene [4]. Our results show that with increasing group-III atomic 
number, a decrease of the gap from 6.7 eV to a few meV takes place. Interestingly, 2D GaN and InN 
present a direct gap at Γ. For what concerns the optical properties, we have investigated the excitonic 
behavior of this class of materials using the Bethe Salpeter Equation and a simple analytical model for 
2D systems [7,8]. Our results demonstrate that 2D Nitrides sheets possess strongly bound excitons due 
to the interplay of low dimensionality, depressed screening and the presence of a gap. By exploiting the 
reduced dimensionality and the chemical trend, we show that it is possible to engineer their electronic 
and optical response, and suggest that the emission range of optoelectronic devices based on 2D group-
III Nitrides varies from  UV to visible [9]. Additionally, with the goal of tailoring devices properties by 
taking advantage of the characteristics of individual materials, we have studied 2D-Nitrides alloys and 
heterostructures. Band alignments calculations suggest a  that BN/AlN form a type II heterostructure.  
Finally, alloying  GaN , TlN and  InN we show that it is possible to tune the gap from UV to THz and 
form  type II alignment [9]. These novel heterostructures based on the vertical stacking of different 
hexagonal 2D-Nitrides crystals may be important for light harvesting and  photovoltaic applications.  
 
References:  
 

1.  Amano H. et al. Appl. Phys. Lett. 48 (1986) 353;  
2.  Novoselov K.S. et al. Science 306,(2004) 666;  
3.  Nagashima A. et al. Phys. Rev. B 51, (1995) 4606;  
4.  Sahin H. et al. Phys. Rev. B 80, (2009)155453;  
5.  Bacaksiz C. et al. Phys. Rev. B, 91,(2015) 085430;  
6.  Tsipas P. et al. Appl. Phys. Lett. 103 (2013) 251605 
7.  Cudazzo P. et al; Phys. Rev. B 84 (2011) 085406 
8.  Pulci O. et al. Phys. Status Solidi b; 252 (2015) 72-77 
9.  M. S. Prete et al. Appl. Phys. Lett. 110 (2017) 012103  
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SESSION 1: Exploring the THz range: material synthesis and characterization – PART 1 

 
Active graphene plasmonics for sensing and lasing applications  

in THz and infrared regimes 
 

Pai-Yen Chen 
 

Department of Electrical and Computer Engineering, Wayne State University, Detroit, MI 48017, 
U.S.A. 

 
E-mail: pychen@wayne.edu  
 
Keywords: graphene, plasmonics, nanophotonics, terahertz optics, infrared 
 

Summary 
 
Graphene plasmonics has emerged as one of the most promising platform for light-matter interactions in 
the terahertz (THz) to mid-infrared (MIR) spectrum, due to its extreme light confinement, high quality 
factor, and electrical tunability. An exciting direction that has received a lot of attention is the possibility 
of imparting gain to graphene plasmons via the optically induced population inversion. Realization of 
such plasmonic gain medium would enable tunable active devices, such as lossless plasmons and lasers 
in the highly sought after mid-infrared spectrum. However, due to the short-lived nature of this inverted 
state, experimental evidence of active plasmon in graphene has so far been elusive. AB-stacked bilayer 
graphene, with a tunable electronic bandgap in excess of the optical phonon energy, would be an 
interesting active medium.  
 
In this talk, I will first discuss a highly resonant optical gain in vicinity of the asymmetry gap of a 
bilayer graphene. Associated with this resonant gain are strongly amplified plasmons, plasmons with 
negative group velocity and superluminal effects, and directional leakage radiation (leaky modes). I will 
also discuss light scattering by such an active bilayer graphene and how to tailor the single-mode, 
narrow-band lasing and coherent absorption effects by using the metasurface structures. Finally, I will 
discuss how these effects will depend on common experimental conditions, such as photo-dopings, 
spectral range, population inversion, and sample size. 
 
 
Acknowledgements.  

The author would like to thank NSF ECCS-1711409 Grant and KAUST CRG-2953 Grant for 

supporting the research reported in this conference.  
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SESSION 1: Exploring the THz range: material synthesis and characterization – PART 1 

 

How to Make Devices with Topological  Materials 
 

Fedor Kusmartsev 
 

University of Loughborough, United Kingdom 
 
E-mail:  F.Kusmartsev@lboro.ac.uk  
 
Keywords: Semimetals, Topological Materials.  
 

Summary 
 
Topological Materials, such as insulators and Weyl semimetals could be used to build a range of 
electronic devices, from superlenses for scanning tunneling microscopes to transistors[1,2].The current-
voltage characteristics of a new range of devices built around Weyl semimetals has been predicted using 
the Landauer formalism. The potential step and barrier have been reconsidered for three-dimensional 
Weyl semimetals, with analogies to the two-dimensional material graphene and to optics. With the use 
of our results we also show how a Veselago lens can be made from Weyl semimetals, e.g., from NbAs 
and NbP. Such a lens may have many practical applications and can be used as a probing tip in a 
scanning tunneling microscope (STM). The ballistic character of Weyl fermion transport inside the 
semimetal tip, combined with the ideal focusing of the Weyl fermions (by Veselago lens) on the surface 
of the tip may create a very narrow electron beam from the tip to the surface of the studied material. 
With a Weyl semimetal probing tip the resolution of the present STMs can be improved significantly, 
and one may image not only individual atoms but also individual electron orbitals or chemical bonding 
and therewith to resolve the long-term issue of chemical and hydrogen bond formation. We show that 
applying a pressure to the Weyl semimental, having no center of spatial inversion, one may model 
matter at extreme conditions, such as those arising in the vicinity of a black hole. As the 
materials Cd3As2 and Na3Bi show an asymmetry in their Dirac cones, a scaling factor was used to 
model this asymmetry. The scaling factor created additional regions of no propagation and condensed 
the appearance of resonances. We argue that under an external pressure there may arise a topological 
phase transition in Weyl semimetals, where the electron transport changes character and becomes 
anisotropic. There a hyperbolic Dirac phase occurs where there is a strong light absorption and 
photocurrent generation. 
 
References 

1. R. D. Y. Hills, A. Kusmartseva, and F. V. Kusmartsev, “Current-Voltage Characteristics of Weyl 
Semimetal Semiconducting Devices, Veselago Lenses and Hyperbolic Dirac Phase,” Phys. Rev. 
B 95, 214103 (2017). 

2. APS highlights of the results in https://physics.aps.org/articles/v10/63 
3. BBC programme: 4 channel 
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SESSION 2: Exploring the THz range: devices 

 

Bosonic Cascade THz Lasers 
 

A.V. Kavokin 

Physics and Astronomy, University of Southampton, Highfield, Southampton, SO171BJ, UK 
 
E-mail:  A.Kavokin@soton.ac.uk  
 

Summary 
 
In this presentation I will overview the recent progress in realization of bosonic cascade lasers 
(BCLs). The concept of this new type of a laser has been proposed in 2013 [1]. It is based on 
the stimulation of terahertz emission processes by a final state occupation number, with a final 
state being the polariton laser mode. Cascades of terahertz photons are emitted due to the 
excitonic transitions in a sequence of equidistant quantum states confined in a parabolic 
quantum well. The double stimulation effect may be achieved if the microcavity is embedded 
in a lateral terahertz cavity. The quantum efficiency of BCLs is expected to be significantly 
higher than 100% due to the cascade action. Recently, the dynamics of polariton relaxation and 
optical lasing have been demonstrated in microcavities with embedded parabolic wells 
designed for realization of bosonic cascades [2]. In the pump-probe experiments with pulsed 
excitation, the optical signal oscillating with the frequencies of 0.9, 2.9, and 4.5 THz has been 
detected [3]. Theoretically, it has been demonstrated that in addition to the coherent terahertz 
radiation, bosonic cascade lasers might emit the superbunched visible light [4]. Bosonic 
cascade lasers offer a valuable alternative to quantum cascade lasers and represent an attractive 
playground for studies of light-matter condensates.  
 
 

 
 
References 
 

1.  T.C.H. Liew, M.M. Glazov, K.V. Kavokin, I.A. Shelykh, M.A. Kaliteevski, and A.V.Kavokin, 
Proposal for a Bosonic Cascade Laser, Phys. Rev. Letters, 110, 047402 (2013). 

2.  A. V. Trifonov, E. D. Cherotchenko, J. L. Carthy, I. V. Ignatiev, A. Tzimis, S. Tsintzos, Z. 
Hatzopoulos, P. G. Savvidis, and A. V. Kavokin, Dynamics of the energy relaxation in a 
parabolic quantum well laser, Phys. Rev. B 93, 125304 (2016). 

3.  A.Tzimis, A. Trifonov, G. Christmann, S.I. Tsintzos, Z. Hatzopoulos, I. Ignatiev, A.V. Kavokin, 
P.G. Savvidis, Strong coupling and stimulated emission in single parabolic quantum well 
microcavity for terahertz cascade, Appl. Phys. Lett. 107, 101101 (2015). 

4. T.C.H. Liew, Y.G. Rubo, A.S. Sheremet, S. De Liberato, I.A. Shelykh, F.P. Laussy and A.V. 
Kavokin, Quantum statistics of bosonic cascades, New J. Phys. 18, 023041 (2016). 

Figure 1: The schematic of a bosonic 
cascade laser (a). The stimulated 
coherent terahertz emission is 
generated due to the cascade of 
radiative transition between exciton 
states confined in a parabolic 
quantum well (b) embedded in a 
semiconductor microcavity. The final 
state of the cascade is a condensate of 
exciton-polaritons maintained by 
optical pumping. It provides the 
bosonic amplification factor of the 
terahertz generation of the order of 
105. 
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SESSION 2: Exploring the THz range: devices 

 

Infrared photodetectors based on Based Graphene and  
CdHgTe heterostructures  

 
V. Ryzhii,1 T. Otsuji,1 M. Ryzhii,2 V. Mitin,3 and M. S. Shur4 

 
            1Research Inst. of Electrical Communication, Tohoku University, Sendai, Japan 
                   2Dept. of Computer Science and Eng., University of Aizu, Aizu-Wakamatsu, Japan 
                        3Dept. of Electrical Eng., University at Buffalo, SUNY, Buffalo, USA 
     4Dept. of Electrical, Electronics, and Systems Eng., Rensselaer Polytechnic Institute, Troy, USA 
 

E-mail:  v-ryzhii@riec.tohoku.ac.jp  
 

Summary 
 

 

We discuss the concepts and evaluate performance of the interband infrared photodetectors 
based on the graphene and CdHgTe heterostructures  using the interband electron transitions  in 
the quantum wells and compare their characteristics with those of the standard photodetectors. 
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SESSION 2: Exploring the THz range: devices 

Terahertz applications of quantum rings and nanohelices 
M. E. Portnoi 

School of Physics, University of Exeter, Stocker Road, Exeter EX4 4QL, United Kingdom 

E-mail: m.e.portnoi@exeter.ac.uk  
Summary 

 
I will review a range of our original proposals [1-6] on using non-simply-connected and chiral 

nanostructures as active elements in novel optoelectronic devices operating in the sought-after terahertz 
frequency range. These ideas are based on a high tunability of electronic properties of these 
nanostructures by external electric and magnetic fields which stems from their unusual geometry. For 
example, piercing a quantum ring by a magnetic flux equal to a half-integer number of flux quanta leads 
to a degeneracy of the electron energy levels corresponding to the values of angular momentum 
differing by one. This degeneracy can be easily lifted by an electric field applied in the plane of the ring 
leading to a two energy levels separated by a gap proportional to the electric field strength. The inter-
level dipole transitions in this system are not only allowed and easily tuned but are also dependent on 
the angle between the applied field and the polarization plane of the excitation [1,2]. An additional 
degree of control can be achieved by placing a ring in a THz cavity [3].  

The use of prohibitively strong magnetic fields can be avoided if a ring is placed between two 
lateral gates, which induce a double quantum well along the ring [4]. The well parameters and 
corresponding interlevel spacings, which lie in the THz range, are highly sensitive to the gate voltages. 
Our analysis for double-gated rings shows that selection rules for interlevel dipole transitions, caused by 
linearly polarized excitations, depend on the polarization vector angle with respect to the gates. In 
striking difference from the conventional symmetric double well potential, the ring geometry permits 
polarization-dependent transitions between the ground and second excited states, allowing the use of 
this structure in a three-level lasing scheme. 

A problem of an ideal helix subjected to an electric field normal to its axis is mathematically 
equivalent to that of a quantum ring pierced by a flux and subjected to an in-plane electric field [5]. The 
role of the flux is played by the electron momentum along the helical line. Subjecting a nanohelix to a 
transverse electric field gives rise to superlattice behaviour with tuneable electronic properties. We find 
in this system Bloch oscillations and negative differential conductance when a longitudinal electric field 
along the nanohelix axis is also applied [6]. Furthermore, we study dipole transitions across the 
transverse-electric-field-induced energy gap, which can be tuned to the eulogized terahertz frequency 
range by experimentally attainable external fields. 

The ideas developed for quantum rings and nanohelices have also been applied to carbon 
nanotubes [7,8]. For quasi-metallic single-walled nanotubes, we have shown a giant enhancement of 
dipole transitions across the band-gap induced by either a magnetic field applied along the nanotube 
axis [9] or (equivalently) a nanotube curvature. We have also demonstrated superlattice properties of 
carbon nanotubes of a certain chirality in a transverse electric field [10]. 

 
References 
 

1.  A.M.Alexeev and M.E.Portnoi, Phys. Rev. B 85, 245419 (2012). 
2.  A.M.Alexeev and M.E.Portnoi, Phys. Status Solidi C 9, 1309 (2012). 
3.  A.M.Alexeev, I.A.Shelykh, and M.E.Portnoi, Phys. Rev. B 88, 085429 (2013). 
4. T.P.Collier, V.A.Saroka, and M.E.Portnoi, Phys. Rev. B 96, 235430(2017). 
5. O.V.Kibis, S.V.Malevannyy, L. Huggett, D.G.W.Parfitt, M.E.Portnoi, Electromagnetics 25, 425 

(2005). 
6. C.A.Downing, M.G.Robinson, and M.E.Portnoi, Phys. Rev. B 94, 155306 (2016). 
7. M.E.Portnoi, O.V.Kibis, M.Rosenau da Costa, Superlattices and Microstructures 43, 399 (2008). 
8. R.R.Hartmann, J. Kono, and M.E.Portnoi, Nanotechnology 25, 322001 (2014). 
9. M.E.Portnoi, M.R. da Costa, O.V.Kibis, and I.A.Shelykh, Int. J. Mod. Phys. B 23, 2846 (2009). 
10. O.V.Kibis, D.G.W.Parfitt, and M.E.Portnoi, Phys. Rev. B 71, 035411 (2005). 
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SESSION 3: Electromagnetic properties of nanomaterials and nanostructures   
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Summary 
 
Conducting meshes can be made by a variety of methods, including 3D printers fed by a conducting 
composite polymer such as polylactic acid loaded with sp2 nanocarbons. On the electrical point of view, 
a conducting mesh can be viewed as a network of resistors that meet at nodes. In most instances, the 
latter are like lattice nodes. From there on, the electrokinetic laws governing the current transport in a 
resistor lattice are briefly reviewed. From a series of examples, it is demonstrated that the electrokinetic 
equations can be solved efficiently by the so-called recursion technique [1], a numerical method widely 
used in solid-state physics and based on the matrix tri-diagonalization Lanczos algorithm. For any 
resistor lattice, the equivalent resistance between any pair of nodes –what would give an ohmmeter if it 
were connected to these nodes-- can be calculated by the recursion method, even in the presence of 
defect or disorder. By reproducing on the computer the design of a four-probe experimental setup, it is 
possible to assign an effective bulk resistivity to a conducting mesh. This concept is worth exploring 
when one has in mind to represent the mesh as a continuous medium. Even when the mesh extends to 
infinity in both directions of the 3D space, the effective bulk resistivity depends on the distance between 
the voltage electrodes of the four-probe setup. This property is not encountered in usual continuous 
media, but it can be reproduced by introducing some non-locality in Ohm's law. This point is analyzed 
in details for simple-cubic and body-centred-cubic lattices of resistors. The non-local model is used to 
assign a dynamic bulk dielectric function to these lattices. Then, the electromagnetic properties of 
conducting meshes can be predicted on the ground of continuous medium electrodynamics. 
 
 
Acknowledgements.  
 
This work was supported by the H2020 EU project MSCA-RISE-2016-734164 "Graphene 3D". 
 
 
References 
 

1. D.G. Pettifor and D.L. Weaire, "The recursion method and its applications" (Springer Verlag, 
Berlin, 1985), pp. 179. 

 

 
 



Pag. 15 
 

 

SESSION 3: Electromagnetic properties of nanomaterials and nanostructures   

 
Broadband spectroscopy of hybrid composites with nanoinclusions 

 
J. Macutkevic1*, A. Plyushch1, J. Banys1, P. Kuzhir2, A. Celzard3, O. Shenderova4 

 
1Faculty of Physics, Vilnius university, Sauletekio 9, Vilnius, Lithuania 

2Research Institute for Nuclear problems of Belarusian state university, Bobruiskaya 11, Minsk Belarus 
3IJL-UMR Universite de Lorraine-CNRS, ENTSIB, Rue de Philippe Seguin, Epinal France 

4International Technology Center, Raleigh, NC 27715, USA 

 
*Speaker and corresponding author: jan.macutkevic@gmail.com  
 
Keywords: composites, nanotubes, dielectric permittivity 
 

Summary 
 
Nowadays, investigations of electrically percolative polymer-based composites with various nanocarbon 
inclusions are very popular due their wonderfull electric, elecromagnetic, mechanical and thermal 
properties in comparison with net polymer matrix properties. Many investigations of such composites 
were performed in narrow frequency range and at room temperature in order to find so called 
percolation threshold (minimal concentration of nanofillers at which composites are conductive). The 
lowest percolation threshold was observed in carbon nanotubes (CNT) composites due to their high 
aspect ratio. However, nanoparticles usually exhibit the large agglomerates in polymer matrix because 
of the high van der Waals force between nanoparticles, leading to the increase of percolation threshold. 
Therefore, the percolation threshold is strictly dependent from nanoparticles distribution inside polymer 
matrix. Thus is the important task to investigate the impact of particles distribution on various 
composites properties, including broadband electromagnetic properties. The distribution of particles 
inside polymer matrix can be changed by addition of additional nanofillers or by changing composite 
preparation technology [1]. Additional nanofillers can essentially improve other composite properties 
such as mechanic, thermal, ferromagnetic or ferroelectric. Thus investigations of hybrid composites 
with various nanofillers are very promissing. In this presentation results of investigations of hybrid 
Onion-like carbon (OLC)/CNT and ferroelectric/graphene composites are presented. OLC, consisting of 
stable defected multishell fullerenes, exhibit high conductivity similar to CNT. It was established that 
the percolation threshold sustainable decrease in OLC composites after addition of small amount of 
carbon nanotubes, so it is observed significant synergy effect. This is due favourable distribution of 
OLC and carbon nanotubes CNT clusters inside composite (confirmed by electron microscope 
investigations), so that the electrical transport occurs in both networks simultaneously. Above the 
percolation threshold the electrical conductivity occurs mainly via electron tunneling between OLC and 
CNT clusters, while at higher temperatures (above matrix glass transition temperature) the transport in 
polymer matrix is also very important. At low temperatures (below 200 K) the electrical conductivity in 
all investigated composites follows tunneling model law. Both potential barrier height and mean 
distance between carbon particles decreases after addition of small amount of carbon nanotubes. These 
results demonstrate the potential of OLC/CNT based percolative composite for use as highly dielectric 
and conductive material in electronic applications. Also the addition of graphene essentially improve 
ferroelectric properties of composites with ferroelectric inclusions. 
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Summary 
 
Integral equation based solvers are among the most accurate numerical tools for the analysis of 
electromagnetic scattering and radiation.  A fast direct algorithm for analysis of scattering from quasi-
planar structures using integral equation formulations discretized via the method of moments has been 
proposed in [1].  The algorithm comprises a method of moments matrix compression based on 
precomputed grids for effectively representing the fields produced by physical or equivalent, conduction 
or polarization currents.  Such compressed representation is possible thanks to the observation of 
asymptotic and numerical studies that the field, radiated by a planar object and observed outside the 
object in the same plane, has a reduced number of degrees of freedom (DoF).  The current source which 
produces this field has the same number of DoF.  We exploit this fact to also construct and store reduced 
sets of macro basis functions for the actual or equivalent currents residing on quasi planar objects. 
 
Towards emplying a numerically efficient computation, the geometry is decomposed using a quad-tree 
hierarchy until the finest level is reached with some preset minimal size domains.  The field radiated 
outside the domain by the currents residing inside this domain is efficiently sampled using non-uniform 
sampling grid, so that the off-diagonal interactions are initially compressed.  Then further compression 
is obtained by the rank revealing QR (RRQR) decomposition which provides the most efficient 
sampling grids for the fields and the interpolation functions for reconstructing the fields with some 
prescribed error.  Also a set of macro basis functions for the currents on the domain is constructed 
separating interacting and non-interacting currents.  The same is performed for every domain on this 
level.  Afterwards, every four neighboring domains are aggregated into a single domain and the 
compression of sampling grids and interacting basis functions is performed again.  In fact, this process 
is repeated until the coarsest level is reached and the compressed system of equations is solved directly 
for the interacting currents using the LU decomposition.  Subsequently, the rest of the currents, which 
exhibit negligible interactions with the outer fields, are calculated from the interacting ones.  Various 
computational bottlenecks of the algorithm have been alleviated in a later work [2].  The algorithm 
attains O(N1.5log3N) complexity, N being the number of unknowns, which is roughly proportional to the 
scatterer area.  The main distinction of this solver, from the previous works, is that it attains high 
numerical efficiency by being based not solely on the algebraic tools such as the RRQR or the singular 
value decomposition (SVD), but rather on a combination of these with pre-determined sparse non-
uniform grids. 
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Summary 
 
The color of various butterflies often originate from photonic nanostructures [1], found in the scales 
covering their wings. Such colors are called structural colors. The color generating scales are composed 
of a nanostructured chitinous material containing air voids [2,3], which causes the structural colors 
through light interference. We performed optical spectrum simulations utilizing full 3D Maxwell 
equation calculations on model structures to reveal the connection between the 3D structure and the 
optical spectrum. Our simulations showed that different scattering processes determine the spectrum in 
different wavelength ranges. For large wavelengths (>350 nm) the optical reflection can be well 
described by a corresponding effective multilayer model and the peak positions are well represented by 
a simple first Born approximation [4]. One has to include second order scattering processes inside the 
layers, however, in order to correctly reproduce the small wavelength side of the spectrum (<350 nm). 
This means that such details of structure, as the shape of the air voids determine the small wavelength 
spectrum. 
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Summary 
 
Both multifunctionality and multicontrollability are commonplace in the biological world. Whereas the 
former is being increasingly adopted as a design paradigm,1 the latter is just beginning to emerge.2 

Performing multiple functions, many multifunctional structures are made of multifunctional materials. 
Usually, these are composite materials that display desirable characteristics by virtue of the geometric 
features of the spatial distribution of their constituent materials. Engineered multifunctionality reduces 
manufacturing and inventory costs, promotes reusability and repairability, extends the useful lifetime of 
a product, slows down the depletion of raw materials, restricts energy consumption for manufacturing, 
and reduces the need for waste disposal.3 Multicontrollability is necessary for fault-tolerant operation 
because multiple agents become available to perform a specific function. This built-in redundancy 
promotes seamless operation in variable conditions, some of which may be external to the structure but 
others may arise internally as the structure ages or evolves. Multicontrollability may be enabled by 
multifunctionality, but the two are not synonymous. 

Inspired by biological multifunctionality, mimumes are microfibrous multifunctional metamaterials. 
Their microfibrosity engenders multifunctionality. Poly(p-xylylene) polymers that are currently used in 
bulk non-fibrous forms for packaging and tribological applications in electronic and biomedical arenas 
are excellent initial candidates to fabricate mimumes. In microfibrous forms, these polymers are 
expected to display simultaneous ultrasonic, biomedical, terahertz, light, and energy functionalities, 
thereby furthering the paradigm of design for system performance. 

Inspired by biological multicontrollability, multicontrollable metasurfaces have been conceptualized for 
terahertz applications. Comprising electrically small elements called MetaAtoms made of diverse pixels 
each of which is variously controlled, a metasurface could be either homogeneous or graded on the 
wavelength scale.  As a first step, transmission of a normally incident plane wave through a metasurface 
with bicontrollable MetaAtoms was simulated.4 Depending on the spectral locations of stopbands, either 
the magnetostatic field gives coarse control and temperature gives fine control or vice versa. The level 
of magnetic control depends on the magnetic-field configuration. 
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Summary 

 
The design is explained, and possible operation parameters are discussed, of an instrument earlier 
suggested [1] to inspect a skin cancer tumour in the terahertz (THz) range, whereby the image is 
transferred into the infrared (IR) range and made visible with the help of a standard IR camera. The 
central element of the device is the THz-to-IR converter, a Teflon® or silicon film matrix with 
embedded 2.4 nm diameter gold nanoparticles. For irradiating the biological tissue, an external THz 
source, e.g., that suggested in [2], can be used. The converter’s temporal characteristics enable its 
performance in a real-time scale. The details of design suited for the operation in transmission mode (in 
vitro) or on the human skin in reflection mode (in vivo) are specified. 
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Summary 
 

Among their remarkable properties, graphene and graphene-related materials constitute an effective 
vehicle for the realization of new electronic devices operating at different frequencies. We will 
overview the Synthesis and Electrical Characterization of Graphene Nano Platelets along with some 
recently developed applications, such as: 
 
-  Theoretical and Experimental Characterization of a Graphene-Based Broadband Microwave 

Attenuator and patch Antenna 
 
-  Electromagnetic Characterization of Graphene and Graphene Nanoribbons via ab-Initio Permittivity    

Simulations 
 
-  Development of Biosensors using Carbon Nanotubes and Few Layered Graphene. 

 
 

 
 

 



Pag. 21 
 

 

SESSION 5: Exploring the THz range: material synthesis and characterization – PART 2 

 
Hierarchically Self-Assembled Binary Superlattices of 1D Nanoparticles 

 
Sung-Hwan Lim1, Taehoon Lee1, Younghoon Oh2, Theyencheri Narayanan3,  

Bong June Sung2 and Sung-Min Choi1* 
 

1Department of Nuclear and Quantum Engineering, Korea Advanced Institute of Science and 
Technology, Daejeon, Republic of Korea 

2Department of Chemistry and Research Institute for Basic Science, Sogang University,  
Seoul, Republic of Korea 

3European Synchrotron Radiation Facility, Grenoble, France 
 
*Speaker and corresponding author: sungmin@kaist.ac.kr 
 
Keywords: superlattice, nanoparticles 
 
 

Summary 
 
Synthesis of binary nanoparticle superlattices has attracted attention for a broad spectrum of potential 
applications. However, this has remained challenging for 1D nanoparticle systems. In this study, we 
investigate the packing behavior of 1D nanoparticles of different diameters into a hexagonally packed 
cylindrical micellar system and demonstrate that binary 1D nanoparticle superlattices of two different 
symmetries can be obtained by tuning particle diameter and mixing ratios [1, 2]. The hexagonal arrays 
of 1D nanoparticles are embedded in the honeycomb lattices (for AB2 type) or kagome lattices (for AB3 
type) of micellar cylinders. The maximization of free volume entropy is considered as the main driving 
force for the formation of superlattices, which is well supported by our theoretical free energy 
calculations. Our approach provides a route for fabricating binary 1D nanoparticle superlattices and may 
be applicable for inorganic 1D nanoparticle systems. 
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Summary 
 

The development of novel materials is determined by the demand of present-day high-tech 
technologies.  Variety of the applications dictates different needs and characteristics for composites 
materials. In some cases, high-k polymer nanocomposites which are characterized by a high dielectric 
constant and low dielectric loss are highly desirable owing to their superior properties such as 
fabrication of advanced electronics, film capacitors etc. Whereas, in other applications, different 
properties become more important, such as the possibility to reduce interference, shield equipment, 
shield rooms and chambers for EM compatibility (EMC) testing, and minimization of the harmful 
effects of EM waves on biological tissues high MW absorption properties of composites.  

The modern trend in material science is the development of the composite materials which 
simultaneously contain electro conductive and dielectric nanofillers.  Such approach gives the 
opportunity to relatively easy create the composite with controllable and excellent properties which 
originate from the synergism of fillers and polymer matrix properties. 

This work presents the results of the investigation of hybrid polymer composites with 
controllable electrodynamic characteristic for their application in microwave region of EMR. We used 
the mixture of nanocarbons particles of different morphology (graphite nanoplatelets(GNP), carbon 
nanotubes, CNT)) and inorganic nanoparticles such as dielectric BaTiO3 and magnetic Fe3O4 and 
barium hexaferrite  (BaM) nanoparticles as hybrid fillers in the polymer matrix.. 

It was shown that simultaneous usage of graphite nanoplatelets and carbon nanotubes leads to 
reduction of percolation threshold and increase the conductivity of the composite. It was demonstrated 
that it is possible to adjust the properties of the composites, including the dielectric permittivity, 
shielding effectiveness, microwave absorption by a proper combination of nanocarbon fillers with 
different structure and morphology due to the synergistic effect of using binary fillers.  Addition of the 
inorganic dielectric nanoparticles of BaTiO3 provides the qualitative and quantitative changes in the 
behavior of dielectric parameters of composite due to the disrupting conductive network formation of 
nanocarbon particles. BaTiO3 nanoparticle not only reduces the dielectric losses, playing its barrier role 
between nanocarbon particles but also increases dielectric constant owing to its properties. 
It was found that addition of CNTs or GNPs electro conductive nanoparticles to epoxy-BaM composites 
mainly leads to the increase of both absorption and reflection of EMR since the charge carriers which 
are injected into the composite interact with electromagnetic radiation. However, for the epoxy 
composite with BaM and 10 wt.% GNPs the high value of EMR absorption index was observed (A ~ 
0.8-0.9) while the reflection EMR index was decreased down to ~ 0.1. It was also shown that the 
relative dielectric permittivity is increasing with the content of nanocarbon fillers. 
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Summary 
 
Graphene and nanographite thin films are conventionally synthetized on transition metal substrates e.g. 
on copper or nickel foils [1]. The subsequent transferring of the atomically thin carbon film to a 
dielectric or semiconductor substrate greatly hampers the use of graphene in industrial scale. That is 
implementation of the graphene into electronic and photonic components a scalable graphene synthesis 
directly on a dielectric substrate. For synthesis of highly ordered graphitic material the presence of 
metallic catalyst is mandatory at low temperature regime (<1000 °C). As a catalyst is regenerated in the 
process of graphene synthesis, one can consider minimizing the amount of metal involves, i.e. using 
ultrathin films instead of bulk foils.  
 
Experimentally we deposited nanometrically thin copper and nickel films on a dielectric surface to assist 
graphite synthesis in the CVD process. This resulted a few layer or multilayered graphene films on a 
dielectric substrate [2,3]. Although, the charge carrier mobility in such directly deposited graphite films 
is suppressed in comparison to transferred graphene [4], we have observed that our graphitic films are 
well suitable for optics and optical applications [3,5]. Thus, graphitic film deposition by sacrificial metal 
catalysts provides a simple yet efficient tool for graphitic thin film synthesis for optical applications 
[3,5]. 
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Summary 
 

Laser surface and interference processing of materials are attracting growing industrial interest. 
Researchers within the laser materials processing community are very familiar with the periodic 
structures that can be produced on various surfaces when the intensity of the laser beam is near or at the 
damage threshold of the material [1, 2]. An interesting topic in this field is the study of laser-assisted 
formation of micro- and nanostructures on metals, ceramics and semiconductors surfaces, utilizing 
various pulse laser durations and wavelengths. The electron work function (EWF) - or surface potential 
for nonmetals - is one of the most important properties of solid surfaces that is being modified as a 
result of surface structuring. For metals, the EWF is the difference between the rise in mean electrostatic 
potential across the metal surface and the bulk chemical potential of the electrons relative to the mean 
electrostatic potential within the metal interior. It is equal to the minimum work that must be done to 
remove an electron from the surface of metal at 0 K, so it is the factor decisive for many properties. A 
lower EWF can improve electron activities, while a higher EWF corresponds to higher resistance. This 
talk will be focused on the mechanism of the formation of engineered surface structures metals utilising 
industrially adaptable laser sources [3-5]. Strongly depending on surface properties, I will discuss the 
secondary electron yield (SEY) [3, 6] and emissivity [4] of the laser engineered surfaces. SEY measures 
the number of electrons produced per incident electron at a given energy. Secondary electron emission 
from a material surface under electron bombardment plays an important role in surface microscopy [7], 
microwave devices [8], space research [9] and particle accelerators [6,10]. Surfaces exhibiting high 
emissivity on the other hand could be used in terahertz detectors, and in devices for solar and thermal 
energy management [5]. 
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Summary 

Growing interest in THz science is due to its many important applications, including THz imaging, 
microscopy, non-destructive testing, tomography, medical diagnosis, health monitoring, environmental 
control, chemical and biological identification, and in future communication networks. These 
applications require efficient, durable and robust components capable of generating, manipulating and 
detecting of THz radiation [1]. According to just published “The 2017 terahertz science and technology 
roadmap” [2] among the most important challenges are passive quasi-optical components, i.e. shields, 
filters, polarizers and collimators.  
The main drawback of existing THz components is their restricted tunability, which is the must for 
future THz devices. We propose to resolve the problem by combining unique properties of graphene [3], 
including its ability to tune the Fermi level with external doping or biasing, with the outstanding 
opportunities that gives the metasurface paradigm [4], i.e. ‘designer’ materials technology (see [5] for 
negative refractive index metamaterials and electromagnetic (EM) cloaking).  
The concept of EM components relying on plane graphene structures has been proposed in our recent 
works [6,7]. As a next step, in this paper we propose graphene-based metasurface  composed of array of 
hemispheres in order to design tunable passive components THz applications.  
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Summary 
 
Metasurfaces can tailor, enhance, control, and manipulate the electromagnetic radiation in 
unprecedented ways and at nanoscale regions. The large field enhancement in the vicinity of these 
systems due to localized or collective resonances ensures a significant boosting of several optical 
effects. However, their properties are usually fixed by design and arrangement of their constituent 
elements. It is important to have robust and reliable compact optical devices with functionalities not set 
in stone at the time of manufacturing. In my talk, I will present new planar configurations based on 
combinations of two-dimensional (2D) materials (graphene) and plasmonic or dielectric materials, 
which are able to control electromagnetic waves beyond linear, time-invariant, and passive bulky optical 
devices, exploring many new directions that exploit the unique properties of electro-optical, active, 
nonlinear, and time-modulated 2D materials.1-3 The proposed new hybrid metasurfaces will be 
characterized by optical properties that can be dynamically controlled and tuned.  
 
In particular, an ultrathin nonlinear terahertz (THz) metasurface will be demonstrated which is 
composed of patterned graphene micro-ribbons to significantly enhance third harmonic generation 
(THG),1 four-wave mixing (FWM), and other nonlinear effects. We will also present ways to achieve 
tunable coherent perfect absorption and subwavelength imaging at THz frequencies based on nonlinear 
graphene metasurfaces. Finally, we will demonstrate a new structure of a magnet-free non-reciprocal 
metasurface based on the time-modulated properties of graphene leading to the design of novel THz 
nonreciprocal devices, such as isolators and circulators, without the usual need of magnetic-bias. 
Several new integrated THz components are envisioned based on the proposed devices, such as efficient 
ultrathin electro-optical transmission and reflection modulators, tunable polarizers, low-power wave 
mixers, sensitive and adaptive photodetectors, and all-optical switches. 
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Summary 

A mechanism of stimulated emission of electromagnetic radiation by an electron beam in carbon 
nanotubes and graphene is theoretically considered [1-3]. Three basic properties of graphene and carbon 
nanotubes: a strong slowing down of surface electromagnetic waves, anomalously large electron free 
pass length, and extremely high electron current density reachable in structures considered, allow 
proposing them as candidates for the development of nanoscale Cherenkov-type emitters, analogous to 
traveling-wave tube and free electron laser. In graphene/polymer multi-layered structures exposed to 
external electron beam, the generation is possible on macroscopic scale, and generation frequency 
tuning turns out to be possible by varying the graphene doping, the number of graphene sheets, the 
distance between sheets, etc. Theoretical and experimental results on absorption in and reflection from 
graphene/polymer sandwiches are analysed as evidence of a strong electromagnetic field/graphene 
structure coupling [4-5].   
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Summary 
 
We considered one-dimensional quantum chains of two-level Fermi particles coupled via the tunneling 
driven both by ac and dc fields in the regimes of strong and ultrastrong coupling. The frequency of ac 
field is resonantly matched with the frequency of the quantum transition. The cases of quantum and 
classical light have been considered. The equations of motion are formulated on the basis of entangled 
Wannier electronic states and Fock photonic states. Based on the fundamental principles of 
electrodynamics and quantum theory, we developed a general model of quantum dynamics for such 
interactions. Evolution of electronic and photonic characteristics of the process, such as inversion 
density, tunneling current density, distribution of photonic probabilities, averaged photons number and 
photons number variance have been studied. We showed that the joint action of ac and dc fields leads to 
the strong mutual influence of Rabi- and Bloch oscillations one to another. For example, collapse-
revivals picture and vacuum Rabi-oscillations are strongly modulated with Bloch frequency. As a result, 
inversion density, photonic probability distribution, averaged photons number, photons number variance 
and degree of electron-photon entanglement become controllable via adiabatic dc field turning. On the 
other hand, the tunneling current depends on the quantum light statistics. In particular, for coherent 
initial state it is modulated following the collapse-revivals picture. The developed model is universal 
with respect to the physical origin of artificial atom and frequency range of atom-light interaction. The 
model is adapted to the semiconductor super-lattices (THz frequencies), semiconductor quantum dot 
chains (optical range), and Josephson junctions (microwaves). We proposed the new concepts of THz 
spectroscopy and quantum state engineering promising for different applications in future 
nanoelectronics and quantum computing [1-3]. 
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Summary 
 
                                         
I will give a brief historical overview of Anderson Localization in disordered quantum systems, and the 
main part of the talk will be related to the subtle question of how the interaction between particles 
influences their localization properties. Despite of the existing dogma that there are no finite 
temperature phase transitions in one-dimensional (1D) systems because of the destruction of long-range 
correlations by thermal fluctuations, I will demonstrate that the 1D gas of short-range interacting bosons 
in the presence of disorder can undergo a finite temperature phase transition between two distinct states: 
fluid and insulator. None of these states has  long-range spatial correlations, but this is a true although 
non-conventional phase transition because transport properties are singular at the transition point. In the 
fluid phase the mass transport is possible, whereas in the insulator phase it is completely blocked even at 
finite temperatures. 
I then turn to weakly interacting bosons in a 1D quasiperiodic potential. It represents a tight-binding 
lattice with a superimposed weak incommensurate lattice and mimics a disorder. It will be shown how 
the interaction between the bosons leads to many-body localization-delocalization transition. 
Counterintuitively, in a wide rage of parameters the delocalization requires stronger coupling as the 
temperature increases. This means that the system can exhibit an anomalous “freezing with heating” 
phenomenon: a transition from a fluid to insulator (glass) under heating. 
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Summary 
 

Here, we overview the recent achievements in the preparation and optical properties of 2D 
semiconductor colloidal CdSe nanocrystals in form of disordered ensembles in colloidal solutions or 
polymeric films and monolayers of laterally oriented nanoplatelets. We show how colloidal 
nanoplatelets can be assembled into linear stacks by controlling the surface ligand layer. Due to 
extremely small thickness and extended surface the crystalline structure and optical properties of CdSe 
nanoplatelets are strongly influenced by different chemical groups (thiols, phosphonic or carboxyl 
groups) bound to the surface cadmium atoms. The presence of surface phosphonic groups strongly 
damps the electro-optical response from disordered ensemble of CdSe nanoplatelets in polymeric films 
due to induced dipole moment. In order to prepare thin films of laterally oriented nanoplatelets we 
utilized Langmuir-Blodgett technique using colloidal solutions of hydrophobic nanoplatelets in organic 
solvent. Laterally oriented CdSe nanoplatelets show highly directed emission originating from strongly 
anisotropic 2D electronic structure of nanoplatelets. Integration of multilayers of CdSe nanoplatelets 
into planar polymeric waveguide resulted in strong dichroism in absorption and polarization effects in 
photoluminescence with preferable absorption and emission of TE mode. Finally, we demonstrate the 
new hybrid branched CdSe/CdS nanoplatelets with 2D/1D “nanospider” hetero-structure prepared by 
colloidal chemistry route.    
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Summary 
 
Color centers in diamond attract a lot of attention due to unique properties of diamond, such its optical 
and chemical purity, low concertation of nuclear spins in diamond matrix and also its physical and 
chemical inertness [1]. Nitrogen vacancy (NV) color centers in diamond is the most studied color center 
in diamond because its fluorescence rate does depend on spin state this way enabling readout of the spin 
state. This property opens a lot of opportunities to for it implementation in quantum information 
processing [2] and sensing [3] applications. Nevertheless, NV color center has number of important 
disadvantages, such as broad emission spectrum dominated by phonons sideband with only 5% 
emission in zero-phonon sideband. Another problem is its high sensitivity to surface and structural 
defects in diamond often introduced by surrounding nanostructures. This disadvantages stimulated 
search for other color centers, which would have narrow spectrum dominated by zero-phonon line and 
better behavior in nanostructures. First, silicon-vacancy (SiV) center was suggested as such a center. 
Due to high symmetry of this center, it does not have dipole moment in the ground state and therefore is 
not as sensitive to various surface defects and damages as NV center. Moreover, it happens to have 
narrow zero-phonon line dominating the spectrum. However, unfortunately, exited state decay of this 
center is dominated by non-radiative relaxation. The next natural candidate is germanium-vacancy 
(GeV) center since Ge is right under Si in the Mendeleev table. This center is yet not well studied, but 
may be very promising candidate for development of quantum information processing with it.  
Recently color center in diamond also found number of applications as a sensing elements. Probably the 
absolute record in combination of special resolution and sensitivity in measurement of magnetic fields 
and temperature belong to NV color centers in diamond. But, this measurements require use of 
microwave radiation of Watts level which somewhat limits its applications in bioscience. We found that 
GeV allow different, microwave-free all-optical way of temperature measurements which may become 
of interest of bio community [4].   
In this talk, I will present our resent results on manipulation of ensembles of GeV centers towards 
developing quantum memory with it. In addition, I will present our results on possible implementation 
of GeV center ensembles for all-optical temperature measurements.  
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Summary 
 
Diffractive optics are thin phase elements that operate by means of interference and diffraction in order 
to manipulate the light propagation in space. In this work we will discuss a current status of the 
diffractive optics and multilevel phase Fresnel lenses processed on silicon wafer developed for efficient 
manipulation of THz beam. The silicon surface with different number of phase quantization levels 
reaching almost kinoform spherical surface was patterned by using laser direct writing (LDW) 
technology [1]. The performance of diffractive optics was investigated by measuring the Gaussian-
shaped beam profile in the focal plane and along the optical axis of each the sample. The influence of 
phase quantization level to the focused THz beam amplitude was accurately examined. In addition, the 
focusing efficiency and optical transmission losses were evaluated experimentally and numerically at 
optimal frequencies. In such a way, the relevance of the LDW technology will be confirmed in the sub-
terahertz and terahertz frequencies range demonstrating the THz zone plates with increased frequency 
selectivity [2], the binary zone plate on-chip with the terahertz detector [3], multilevel phase Fresnel 
lenses on silicon [4,5] suitable for the development of compact THz imaging systems [6].  
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Summary 
 
An experimental study of near–field light-matter interaction by tip-enhanced Raman scattering (TERS) 
with polarized light in doped group-III nitride heterostructures will be presented [1,2]. The experimental  
data are explained with a quantum mechanical interpretation, which takes into account the role of 
plasmon polaritons and the evanescent field. The selection rules in TERS are caused by photon 
tunnelling through the perturbation of the evanescent field, with the consequent polariton annihilation. 
In second part, we show that a degenerate, three-dimensional electron gas stabilizes a novel class of 
quasiparticles, named collexons, by many-particle effects dominated by exchange of electrons with the 
Fermi gas [3]. The observation of collexons and their stabilization with rising doping concentration is 
enabled by a superior crystal quality due to a close to ideal substitution of the host atom with the dopant. 
This work has been supported by the Deutsche Forschungsgemeinschaft (DFG, German research 
foundation) within Collaborative Research Center “Semiconductor Nanophotonics” (CRC 787). 
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Summary 
 
Carbon nanotubes present viable solutions to overcome the current challenges with deeply scaled 
devices and copper interconnect technology. The challenge of introducing CNTs in integrated circuits is 
not just in the processing technology. The scientific community still lacks the know-how to exploit 
CNTs both as devices and interconnects. Understandings such as to what extent CNTs can be exploited 
for energy efficient and reliable architectures; and how to design optimal circuits despite having non-
perfect CNTs are significant challenges to be addressed if we are to truly explore carbon nanotube-
based computing. 
Research efforts related to physical modeling, physical design, design space exploration, CNT 
processing, and characterization are gaining momentum and will provide a clearer picture of the costs 
and benefits of integrating CNTs as device channel material and on-chip interconnects. In this talk, we 
give an overview of the challenges and solutions to attain high-energy efficient carbon nanotube 
circuits. Concerning modeling, an overview of the electro-thermal modeling and simulation tools is 
presented which are necessary to evaluate the performance, reliability, and variability of CNTs. In this 
context, we describe the recently developed multi-scale physics-based simulation platform during 
H2020 CONNECT project (from ab-initio material simulation to circuit-level) that considers all aspects 
of VLSI interconnects (i.e., performance, power, and reliability) evaluates the potential of CNT 
technology [1]. Regarding circuit design, we describe novel VLSI design methods that take into account 
the peculiarities of CNT process and its variability issues and how to overcome them [2]. Such design 
methods enable design space exploration of carbon nanotube circuits for high energy efficient 
computing. We also describe the recent state-of-the-art advancements in carbon nanotube logic design 
with novel emerging nonvolatile memories implemented in three-dimensional integration system as a 
novel ultra-low power and energy efficient computing paradigm [3]. Despite these advancements, there 
are a lot of research efforts required into enabling CNTs to be embedded on-chip and become widely 
deployed in the semiconductor industry. 
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Summary 
 

Devices and apparatuses in all engineering fields are required to maintain their performances in prefixed 
limits even in presence of the unavoidably variations of either the constituent physical parameters or the 
operating conditions. For this reason, the designer must be to obtain a system performance that varies in 
a narrow band, that is to say he has to search for a robust design. It is defined as a project that satisfies 
the constraints in presence of a given variation of the design parameters [1]. System design can be 
obtained by using the performance function (PF) f(x) that describes the system performance as a 
function of ν design parameters, x=(x1,x2,…,xν). Therefore, a robust solution is a set of ν nominal 
parameters which guarantees that the PF satisfies the constraints in presence of a given parameters 
uncertainty  xxxx  ,,, 21  . The robustness of the solution is associated to PF range: the 

lower is the range, the greater is the robustness. The PF is not always available in analytic form, 
especially in the numerical design of complex electromagnetic systems or in system where the physics 
behaviour of all the part are not well established. This is for example the case of devices based on 
graphene for high frequency application. The idea of using carbonaceous thin films as the main working 
elements of passive radiofrequency (RF) devices, such as shields, filters, polarizers, collimators, is 
proposed theoretically and proved experimentally [2]. With the aim of transport from lab scale to 
industrial one the application of sandwich structures made of carbon-based thin conductive films 
separated by polymer slabs as electromagnetic shield, a virtual prototyping approach is considered [3]. 
In this context, the simulation by means of computer (computer aided design CAD) of a model of the 
device leads to maximize the production yield, especially if the tolerances and uncertainties affecting 
the design parameters are taken into account [4, 5]. Nevertheless, Robust Design requires a preliminary 
phase dictated to define if and how much a factor affects the PF. Starting from a system model and by 
adopting a Design of Experiment (DoE) approach on the simulated data, the use of Dex Scatter Plot 
(DSP) can be considered in order to realize a screening on the design parameters and to highlight the 
main factor [6].  
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Summary 
 

In the last decades, the semiconductor industry has pushed towards a constant scaling down 
of component dimensions and increasing of operating frequencies, following the International 
Technology Roadmap for Semiconductors, ITRS [1]. Conventional Cu/low-k technology 
solutions so far used in the scaling process have been pushed to their limit, so that innovative 
solutions have been adopted or investigated, such as the new packaging architectures (e.g., 
2.5D/3D integration), or new materials (e.g., nanostructured materials). 

Due to their outstanding physical properties, carbon-based materials such as graphene or 
carbon nanotubes (CNTs) are promising alternative to conventional materials for realizing on-
chip interconnects and electronic packages [2]-[3]. Indeed, such materials exhibit low electrical 
resistivity, high thermal conductivity and high current carrying capability, besides other 
excellent mechanical properties. However, in practical applications the performance may 
dramatically drop, given the necessity of using bundles of CNTs or arrays of GNRs rather than 
isolated specimen. Controlling the quality of such bundles (e.g., in terms of density and 
alignment, terminal contacts, defects, and inclusions) is among the most limiting factors for the 
success of such a technology, along with the compatibility between the CNT and the CMOS 
growth process. Despite all the above limits, the recent first examples of successful integration 
between CNT and CMOS technologies opened the possibility for carbon interconnects to move 
towards real practical applications: in [4] an all-CNT computer with PMOS transistors was 
demonstrated. 

This presentation will review the state of the art of carbon-based materials for interconnects 
and electronic packages, presenting the most relevant results in modelling, fabrication, and 
integration, coming to the most recent applications where such a new technology has been 
successfully integrated to CMOS one.  
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Summary 

Coexistence of excellent optical transparency in the visible range of electromagnetic spectrum and high 
electrical conductivity of tin dioxide films provides possibility for variety of applications in 
optoelectronics devices such as flat panel displays [1], gas sensors, transparent conducting electrodes, 
transistors, and solar cells [2]. It is well known that oxygen vacancies and stoichiometric composition 
play a dominant role in the electrical and optical properties of tin dioxide films [3]. Nanocrystalline 
films with variable stoichiometric composition of tin oxide were fabricated by means of DC magnetron 
sputtering of tin target in Ar atmosphere with the following 2-stage annealing procedure. The 1st stage 
includes heating up to 200 °C and isothermal annealing during 2 hours, the 2nd stage – heating and 
subsequent isothermal annealing in the temperature range 300–450 °C. Transmission spectra of tin oxide 
films with variable stoichiometric composition were investigated in the range of 200–100 nm optical 
properties using spectrophotometer PHOTON RT. It was found that the coefficient of the optical 
transmission increases with the rise of the annealing temperature on the 2nd stage. Besides that, it was 
found that long-wavelength edge shifts to the short-wavelength region as the annealing temperature on 
the 2nd stage increases. Using method of subtraction of the spectra of phases with different 
stoichiometric composition [4] the contribution to the general spectra from the tin monoxide (band gap 
within range of 2.5–3 eV [5]) and tin dioxide (band gap within range of 3.4–4.6 eV [6]) was found. In 
addition, low-intensity transitions with the energy in the range of 0.8–1.5 eV were observed. These 
features of spectra can be associated with the optical transitions between crystallites of tin monoxide 
and tin dioxide. 
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Summary 
 

Metal-catalyzed chemical vapor deposition (CVD) grown graphitic carbon films have been a subject of 
interest for the past two decades [1]. The application of such films in optical devices has advanced the 
field of nanotechnology at great lengths [2]. Depending on an application, its optical and electrical 
properties of graphitic films play a major role, and the synthesis processes, as well as conditions, 
majorly influence these properties [2-6]. Our work focusses on highlighting the various properties and 
the extent to which they may affect its implementation on various devices. Experimentally we 
synthesized a carbon film with and without nanometrically thin Ni-catalyst layer by photoresist 
pyrolysis in CVD at 800 oC. The process with and without Ni catalyst, resulted in a few tens of 
nanometer thick graphitic thin film and amorphous pyrolyzed photoresist film (PPF), respectively, on 
fused silica (SiO2) substrates. By comparing GRF sample to the amorphous PPF, we revealed the effect 
of the Ni layer to the synthesized carbon film. By examining GRF and PPF by Raman spectroscopy, 
scanning electron microscopy, atomic force microscopy, four-point-probe method and 
spectrophotometry we observed remarkable differences between these two samples. For instance, 
although, the surface roughness of the GRF is higher to that in comparison to PPF, the presence of the 
Ni catalyst in the process increases the crystallinity of the carbon film significantly. By etching out the 
Ni remains, the spectroscopic analysis shows an increase of 23 ± 0.1 % in the transmittance once the Ni 
nanolayer is etched out of the sample and a decrease of 15 ± 0.4 % in reflectance. 
     In summary, we present an extensive study of how the inclusion of a few nanometers of Ni will 
drastically change the physical properties of ultra-thin carbon films synthesized by photoresist pyrolysis. 
The presented synthesis technique is applicable on dielectric surfaces and thus favorable for industrial 
scale graphene-like material production.  
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Summary 
 
Conductive polymer nanocomposites, based on the incorporation inside a polymer matrix (usually 
insulating) of nanofillers (usually conducting), have attracted attention for great potential in many 
different areas thanks to the synergistic effects brought about by the polymer matrix and the nanofiller. 
In this field silver nanowires (AgNws) are one of the most promising nanofillers because of their 
potential applications in many electronic devices. In this work we validate the model simulating an 
AgNWs network percolated in PEDOT:PSS polymer (poly-3,4-ethylenedioxythiophene polystyrene 
sulfonate) inspired by reference [1]. Then we simulated by finite elements method an a layered-based 
organic photovoltaic cell using the AgNWs network in PEDOT:PSS as electrode . The results are 
promising and coherent with some experimental data. 
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Summary 

Nanocomposite materials suitable for 3D-printing can increase the application range for additive 
manufacturing in R&D, medicine and industry. Nanoscale fillers can give polymer specific properties 
including high absorption coefficient, conductivity [1] and electrostatic dissipation [2]. 

The investigated composites based on polylactide (PLA) with different concentrations of multi-wall 
carbon nanotubes (MWCNT) and graphene nanoplatelets (GNP) were synthesized in form of polymer 
grains suitable for 3D-printing filament production. Total concentration of fillers was ~6 wt. %, thus the 
composite should be applicable for 3D-printing. 

The electromagnetic properties of PLA-based composites with nanocarbon fillers were investigated in 
0.01 – 18 GHz and 26 – 37 GHz ranges. Measured samples were produced by hot-pressing to ensure the 
homogeneousness. It makes possible the complex permittivity calculations by standard method [3]. 

The concentration dependence for real (ε’) and imaginary (ε”) parts of permittivity was demonstrated. 
In general both ε’ and ε” grows with the increase of MWCNT concentration. Composites with equal 
concentrations of MWCNT and GNP demonstrate the similar value of ε’ but nanotubes filler leads to 
significantly higher value of ε”. Such behavior is usual for composites with filler concentrations above 
percolation threshold [1], [2]. That means the percolation threshold for GNP is higher than for 
nanotubes due to their aspect ratios. 

This result gives the possibility to tailor the conductive and capacitive properties of composite suitable 
for 3D-printing by variation of filler concentrations. 
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Summary 
 
In the past years topological insulators, with their peculiar protected surface states, have attracted a great 
deal of attention in the physics community[1]. Recently new classes for topologically relevant material 
have arisen. Among these are Weyl semimetals that show couples of nodes with linear band crossing 
close to the Fermi level with defined topological charge. One of the first proposed ways to realize them 
is by a multistacked structure of topological and trivial insulators with magnetic impurities[2]. These 
new materials can be seen as a tree-dimensional Dirac semimetals where either the time-reversal or 
inversion symmetries have been broken, leading to a lift of the degeneracy at the Dirac cone which 
splits into 2 Weyl nodes with defined chirality. These points are topologically protected and hence 
robust under perturbation. If we take a 2D slice of the material passing between two nodes of a pair, this 
will behave as a 2D topological insulator with chiral edge states crossing the Fermi level. By taking all 
the crossing points for all possible slices, a peculiar open Fermi surface for the surface states arise 
known as Fermi arc[3]. Transition metal monopnictides are a family of materials that crystallizes into a 
body centered tetragonal non symmorphic group which intrinsically lacks inversion symmetry. They 
have bee shown to be Weyl semimetals, both from ab initio and from experiments [4]. 
 
The aim of our work is to expand on the current ab initio results by performing detailed calculation of 
the low energy features in TaAs, TaP, NbAs and NbP. We compare our results with other ab initio and 
experimental data. We show how a simple Weyl fermion picture is not enough to describe the real 
properties of these systems where a more complex approach is required. We focus on the deviation of 
the optical properties from the expected linear trend and discuss the contribution to this effect from the 
tilt and anisotropy of the cones and from the presence of trivial points in the Brillouin Zone. 
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Summary 
    

By means of the ion-track technology, containing swift heavy ions irradiation, selective etching 
and electrochemical deposition of a ferromagnetic metal (Ni) or diamagnetic metal (Cu) into pores, 
Si/SiO2(Cu, Ni) structures have been formed [1,2]. Using SEM, TEM, AFM and diffraction methods of 
analysis, a consistent study of structural parameters at all stages of structures creation was carried out. 
Average values of potential barriers for Si/Cu and Si/Ni contacts of the Si/SiO2(Cu, Ni) structures at 
room temperature were calculated and dynamics of the potential barriers changes with decreasing 
temperature have been shown. For the first time mechanisms of electron transport in temperature ranges 
~300-200 K, ~200-100 K and ~100-20 K have been established. For the first time the positive 
magnetoresistive effect in Si/SiO2(Ni) structures reaching 1000% in a magnetic field of 12 T at 20 K has 
been discovered, which decreases with increasing temperature and disappears at ~100 K [3]. For the 
first time the inverse temperature dependence of the Hall voltage sign of the Si/SiO2(Cu, Ni) structures 
was observed; it is concerned with the dominance of the electron conductivity (~300-100 K) or the hole 
conductivity (~100-20 K); it has a deviation of the temperature dependence from the exponential law in 
the structures with nickel at temperatures below ~100 K. Established electron transport and 
galvanomagnetic mechanisms of structures based on Si/SiO2 with ferromagnetic metal (nickel) or 
diamagnetic metal (copper) could be used to design of magnetic field sensors, devices for the object 
location determination, rotation angle and linear motion control. 
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Summary 
 

For the classical antenna, power radiation pattern formed by interference effects is equal to squared 
modulus of field radiation pattern divided by the doubled characteristic impedance of the medium. 
However, this simple picture does not hold for nonclassical states of emitted radiation. Entanglement of 
emitters in antennas can lead to supperradiant and subradiant effects in radiated field, leading, for 
example, to intensity values otherwise impossible for the factorized initial state of the antenna emitters 
[1], to sub-Rayleigh imaging and superresolution [2], and to superbunching [3]. We suggest the 
procedure of designing the quantum state of an antenna to provide some desired features of correlation 
functions in analogy with the procedures of the quantum state reconstruction. We show how entangled 
state of a simple equispaced linear antenna array allows for producing two or more photons with either 
positive and negative momentum correlations, or even for suppressing the field emission [4]. Our 
approach works for arbitrary antenna geometries and initial states, and target correlation functions. 
Our antenna is composed of a set of non-interacting two-level systems (TLS) with the same dipole 

moments .  .. The spatial far-field field distribution at the point   r
r

 is 

 
where | |j j j      is the lowering operator for the j-th TLS with upper(lower) levels described 

by the vectors | j   , and n
r

 is the unit vector from an emitter to the observation point;   is the 

TLS transition frequency. The considered task of designing the antenna involves determining the 
initial density matrix of the antenna, ρ, so as to achieve the necessary values of simultaneous correlation 
function of the n-th order for some sets of directions. This problem can be formulated as the state 

estimation problem. On the set of directions, { }l
lkr

r
 , k = 1...n, correlation function takes form  

 
where pl are estimated probabilities. We aim to minimize a distance between the target and estimated 
sets. For initial antenna state being pure two-photon one we were able to observe co- and contra-
directional correlation of emitted twin photons in the plane perpendicular to the dipole moments, as well 
as suppression and amplification of emitted far-field. 
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Summary 
 

The need of more performant integrated circuits and high power density communication devices 
drives the development of materials enhancing the conductive performances by carbon nanoparticles. 
Among nanocomposites, the ternary hybrid carbon nanotubes/graphene nanoplatelets/polymer 
composites represent a debatable route to enhance the transport performances. 
Polymer composites with various carbon inclusions like multiwalled carbon nanotubes (MWCNT), 
carbon black (CB), graphite or graphene are interesting for fundamental research and are attractive for 
various applications [1]. The electrical percolation threshold of these composites could be very low and 
it is important to obtain as low percolation threshold as possible in order to reach optimal mechanical 
properties of composites and to use minimal concentration of expensive fillers. Adding several different 
fillers in the matrix the percolation threshold can decrease in comparison with single filler composites 
due to synergy effect between the different components [2].  

In this contribution the dielectric/electrical properties of epoxy resin composites filled with 
different nanofillers were investigated. The composites were filled with MWCNT (filler content 0.015 – 
0.3 wt.%), graphene nanoplatelets (GNP) (filler content 0.015 – 3 wt.%) and hybrid MWCNT/GNP 
filler with total contents 0.03 and 0.3 wt.% and in different  ratios.  
The dielectric measurement were performed in frequency range from 20 Hz to 3 GHz at room 
temperature and at low frequencies (20 Hz – 1 MHz) in temperature range from 30 K to 300 K. In 
frequency range from 20 Hz to 1 MHz measurements were performed using LCR meter (HP4284) 
measuring the capacitance and the loss tangent. For low temperature measurements the helium closed 
cycle cryostat was used.  In frequency range from 1 MHz to 3 GHz reflection and phase were measured 
using the coaxial line technique with the vector network analyzer (Agilent 8714 ET). 
The quantitative synergy effect on the material electrical conductivity was obtained due to combination 
of both carbon fillers at filler content 0.3 wt.%. The electrical conductivity of hybrid filler composites, 
containing 0.25 wt.% of MWCNT and small amount of GNP 0.05 wt.% was 4 times higher than the 
conductivity of composites containing only MWCNT with total 0.3 wt.% content.  

In this presentation the results of electrical investigations of epoxy resin matrix composites filled 
with MWCNT, GNP and hybrid MWCNT/GNP composites will be presented and discussed in wide 
frequency and temperature range. 
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Summary 
 
Potential applications of the double perovskite Sr2FeMoO6–δ (SFMO) include energy-independent 
memory with random magnetic access (MRAM), magnetic reading heads for HDDs, super-sensitive 
magnetic field sensors, electrodes for solid fuel elements, etc. [1, 2] . Structurally perfect SFMO 
samples having large values of the Curie temperature (Тс), saturation magnetization, spin polarization 
degree, etc., are required for these applications [3-6].  One of the reasons why these materials did not get 
wide applications as yet is a low reproducibility of their physical-chemical characteristics. With that, 
temperature, sintering time and type of gaseous medium are important parameters for the synthesis 
conditions, when a change of the oxygen stoichiometry (δ) and the superstructural ordering of Fe/Mo 
cations (Р) takes place in the SFMO samples. Therefore, the information on the anionic composition 
and P values is required for the obtaining of Sr2FeMoO6- samples with optimal magnetic and electrical-
physical characteristics. Single-phase SFMO powders with various  and P were obtained by the solid-
phase synthesis technique at various treatment temperatures and gaseous media. It has been determined 
by means of the XRD and the neutron diffraction techniques, that the lengths of O1 - Fe/Mo - O1 and 
O2 - Fe/Mo – O2 bonds, directed along the (001) and (110) crystal planes, are decreasing with the rise 
of  and Р values. This leads to a decrease of the unit cell volume. It was found as a result of 
investigations of electrical transport and magnetic characteristics of the obtained  SFMO powders that a 
monotonic growth of Тс value with the rise of Р correlates with a decrease of electrical resistivity (ρ). 
One could suppose that the Тс value growth and the ρ value decrease together with the rise of P and  
values are caused by an increase of cation ordering of the Fe – О – Mo type with a decrease of the Fe – 
О – Fe and Mo – О – Mo chains formation probability. At the same time, a formation of the long-range 
magnetic ordering in the SFMO takes place, which leads to an increase of the spatial density of the 
exchange coupling. Therefore, a presence of the interrelation of ρ and Тс indicates that the spin-
polarized charge carriers on the Fermi level play a dominating role in the exchange interaction 
processes. Also, as a result of investigations of the dynamics of the change of the oxygen 
nonstoichiometry and the superstructural ordering degree it was found that the rate of oxygen desorption 
has been several times larger than the rate of Fe/Mo cations ordering. 
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Summary 
 
Electromagnetic properties of 2D materials are of primary interest for a range of applications such as 
biosensing, shielding or optronics. Various approaches have been proposed to describe the 
electromagnetic response of infinite or nanostructured 2D materials.  The 2D material is generally 
modeled either as an isotropic material with a given thickness or via a surface current. We analyze here 
the constraints on those approaches. 
 
We have explored different ways of modeling conducting 2D materials, either as a 2D plane or as a 3D 
layer, including in both cases the out-of-plane response. Relations between the tensor elements of the 
2D susceptibility and the ordinary and extraordinary refractive indexes of the film with finite thickness 
are analytically retrieved.  Based on numerical analysis, we discuss the limits of the 3D model as a 
function of the layer thickness.  
 
Finally, we have investigated both theoretically and experimentally the modification of the Brewster 
angle when a dielectric substrate is covered with a conducting 2D material. We have shown that the 
shift of the Brewster angle is proportional to the number of layers. Consequently, the measurement of 
the Brewster angle shift is proposed as a new method to characterize the 2D conductivity by optical 
measurement [1].  
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Summary 

 
Very promising objects for further development of quantum technology are color centers in diamond. 
They can be a basis for such devices as a single photon source, qubit, magnetic field sensor and others. 
We demonstrate here creation of the color centers (NV, SiV, GeV) in single crystal diamond needles 
(SCDN) during their formation and results of characterization of their optical properties.  
SCDN were manufactured by combination of chemical vapor deposition (CVD) and selective oxidation 
techniques [1]. The color centers were created by controlled addition of nitrogen, silicon, germanium 
into the gas mixture during CVD process. Optical properties of created SCDN with different color 
centers were analyzed by photo- and cathode-luminescence (PL and CL) techniques. Variation of CVD 
process parameters during diamond needles growth allowed control SCDN shape (Fig.1a). Luminescent 
spectra (Fig. 1b) were obtained for color centers of different types.  

 
Fig.1 SEM image of the SCDN (a) and its CL spectrum (b) (color centers CL lines are marked 

with the blue arrows). 
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Summary 

The composite materials based on various types of nanoinclusions below and above the percolation 
threshold can be used for antistatic applications and for electrostatic dissipation, respectively [1]. 

The composites based on epoxy resin with different concentrations of Yellow Iron Oxide Nanorods 
(Fe2O3H2O, alpha, 98%, 50nm×10nm) were investigated. The SEM image of this type of nanoinclusions 
is shown on Figure 1. Fabricated samples had 0, 5, 10, 20, 30, 40 vol. % filler concentrations. The 
electromagnetic properties of these samples were investigated in a wide temperature (200 К – 450 К) 
and frequency (from Hz to THz) ranges. Each measurement of the complex permittivity in the 
frequency range of 20 Hz – 1 MHz was accompanied by heating from 200 K to 450 K [1], all other 
measurements above 1 MHz were performed only at the room temperature and only for the samples 
above the percolation threshold. A standard procedure for dispersing inclusions in a polymer matrix was 
used [2]. 

 

Fig.1 SEM image of Yellow Iron Oxide (Fe2O3H2O) Nanorods 
 

The concentration dependence of the composites permittivity at fixed temperature and frequency 
corresponds to the 30 vol. % percolation threshold. The dielectric properties of non-percolating 
composites are explained by the relaxation in the polymer matrix [1]. The mechanism of the DC 
conductivity observed at the low frequency is hopping conductivity [3]. The low frequency conductivity 
increases with the growth of filler concentration. The composites below percolation threshold at high 
temperature have the electric conductivity determined by the intrinsic conductivity of the polymer 
dielectric matrix. 
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Summary 
 
Among the different additive manufacturing approaches, fused deposition modeling (FDM), being 
clean, simple-to-use and environmental-friendly, seems to be one of the most promising one although it 
is limited by the fact that its feedstock is a common thermoplastic polymer filament with limited 
properties. The full potential of 3D printing FDM can be exploited toward novel nanocomposite 
materials for the printing of electrically conductive structures. The goal of this study is to propose a non-
conventional polymer nanocomposites, suitable for 3D printing applications (FDM), in which 
nanostructures, i.e. multi-walled carbon nanotubes (MWCNTs), graphene nanoplates (GNPs) and a 
combination of both fillers (MWCNTs/GNPs) are incorporated into Polylactic acid (PLA, Ingeo™ 
3D850), as an attempt to overcome several limitations over traditional 3D manufacturing based on neat 
PLA materials. Various formulations of binary and ternary nanocomposites were prepared as varying 
the filler contents from 0 to 9 wt% and filament of 1.75 mm diameter was produced by melt extrusion. 
The nanocomposite filaments show electrical conductivity above electrical percolation if at least 
1.5wt% of MWCNT is considered. Moreover, different electrical percolation thresholds have been 
found for the composites based on MWCNTs, GNPs or multiphase system, depending on different size 
and degree of dispersion of both nanofillers. 
To test the capabilities of the 3D printer and the print-out properties of the filaments, mathematical 
models of closed shell porous structures of various cell sizes were created. The filaments used contained 
different percent ratio of the GNP and MWCNT fillers in PLA. Numerous tests have been carried out to 
determine the optimal printing conditions for the structures.  
Measurements of electrical DC conductivity and frequency dependent AC conductivity in the range of 
100 Hz to 1 GHz were performed for the nanocomposites and the 3D printed porous structures. On the 
basis of the results obtained, the electrical conductivity of both the filament and the 3D printed 
structures were compared and correlated withmodel predictions. A general idea for the capabilities to 
produce printed structures with pre-defined properties using the graphene-based filament was verified.  
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In this paper we present our results as obtained by molecular dynamics simulations (the code 
LAMMPS) on influence of morphology on stability of GaAs nanowires (NWs). GaAs NWs with the 
experimentally observed <111> orientations, both in the zinc-blende (denoted as В3) and wurtzite 
(denoted as В4) structures and having diameters of 1 – 45 nm have been considered. Their cross 
sections after full structural optimization are presented in Fig. 1. It is found that wurtzite GaAs NWs 
with large {011} and small {112} facets on the surface are the most stable (Fig. 2). Moreover, the 
difference in the total energy for various considered GaAs NWs is more pronounced at smaller 
diameters (up to 10 nm) indicating prevalence of surface atoms over the bulk-like ones, while at larger 
diameters (more than 30 mn) it is marginal. 

          

            
Fig. 1 The cross sections of GaAs NWs with different morfologies after full structural optimization. All facets are 

indicated. The zinc-blende and wurtzite structures are denoted as В3 and В4, respectively  
 

 
Fig. 2 The dependence of the total energy of GaAs NWs per the Ga-As formula unit on the number of formula 
units in the simulation cell. The NW diameters are also indicated. The inset shows the dependence for smaller 

diameter NWs. Zero at the energy scale corresponds to the energy of the GaAs formula unit in the bulk. 
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Summary 
 
The sources of soft terahertz (THz) radiation are suggested, which are characterized by large beam 
cross-section and can be used for detecting threats concealed under clothing on security check, and/or in 
security screening equipment in public spaces. The working elements of these THz sources are gold 
nanobars (NBs), whose dimensions can be tuned such as to channel the energies of longitudinal phonons 
(LPh) with frequencies within the THz range into preferential emission of THz photons [1] at, say, 
0.145, 0.24, 0.41 and 0.70 THz, corresponding to dips in the attenuation spectrum of electromagnetic 
radiation by air (in fact, by the water vapour) [2]. Moreover the absorption by clothing tissues at these 
frequencies is low. Specifically, the Fermi electrons are excited on absorption of LPh, with 
simultaneous emission of softer LPh and releasing the difference energy into the photons with energies 
close to 0.60, 0.99, 1.70 and 2.90 meV, for the above cited frequencies, respectively. The choice of 
these frequencies, besides the previously named arguments, is guided by maintaining sufficiently good 
spatial resolution of the visualization system, and the availability of sufficient amount of LPh capable to 
bring about an excitation of the Fermi electrons in NBs. The parameters of gold NBs optimized for the 
THz emission are discussed. The energy supply will be provided via heating of the NBs by microwave 
radiation, that would enhance the number of "useful" THz phonons.  
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Summary 
 

Due to high sensitivity, chemical selectivity, spatial resolution and high signal-to-noise ratio the 
coherent anti-Stokes Raman scattering (CARS) has received priority attention in the family of nonlinear 
techniques for investigation and visualization of different nanoparticles [1]. In comparison with the 
resonance Raman technique, where high average power is necessary to reach the effect due to the 
process low cross-section, the CARS technique as a preference allowing detection of individual 
nanoparticles with the relatively low average excitation power which in particular important, for 
example, for imaging of biological samples [2, 3]. Despite that there are disadvantage in CARS 
technique related to its technical specification - the response strongly depends on matching of the setup 
configuration and intrinsic optical properties of the investigated materials. The presence of strong non-
resonance contribution frequently leads to a complex shape of CARS spectra and thus can induce the 
reduction of the main advantage of such technique [2, 4]. 
A unique quasi-one-dimensional structure of single-wall carbon nanotubes (SWCNTs) specifies their 
unusual physical properties and, correspondingly, advanced properties of CNT-based materials in many 
practical applications [5]. Among them, there are a lot of applications where visualization of individual 
CNTs or CNT-based networks is required [6].  
In this communication, we demonstrate the effective visualization method of CNTs using the CARS 
non-linear optical technique. We have found that effective application of this technique requires 
coherency of the photons of light source of CARS microscope with the energies of optical transitions 
(Kataura plot) of CNTs. Large well-registrable CARS signal has been obtained at W-range excitation in 
CNTs with 0.8 nm and 1.1 nm diameters, when the contribution from two-photon process is relatively 
small. Energy threshold is about 18 W behind which the quadratic dependence of the G-mode intensity 
on pump power is violated. The ability to detect strong coherent nonlinear signal from small SWCNT-
bundles allows us to propose the coherent anti-Stokes Raman scattering as a new fast and effective tool 
for 3D visualization of single-walled carbon nanotubes and the control of their spatial distribution, for 
example, in a polymer matrix or in biological samples, non-label visualization method of cells or 
organelles. 
 

Acknowledgements: this work was supported by the Research Council of Lithuania Foundation (S-LU-
18-6). 
 

References 

1. Y. Wang, C.-Y. Lin, A. Nikolaenko, V. Raghunathan, and E. O. Potma, “Four-wave mixing microscopy 
of nanostructures,“ Adv. Opt. Photon. 3, 1–52 (2011). 

2. J.-X. Cheng, A. Volkmer, and X. S. Xie, “Theoretical and experimental characterization of coherent anti-
stokes raman scattering microscopy,“ J. Opt. Soc. Am. B 19, 1363–1375 (2002). 

3. H. Kim, T. Sheps, P. G. Collins, and E. O. Potma, “Nonlinear optical imaging of individual carbon 
nanotubes with four-wave-mixing microscopy,“ Nano Lett. 9, 2991–2995 (2009) 

4. E. M. Vartiainen, H. A. Rinia, M. MÃĳller, and M. Bonn, “Direct extraction of raman line-shapes from 
congested cars spectra,“ Opt. Express 14, 3622–3630 (2006) 

5.  J. F. Harris, Carbon Nanotube Science: Synthesis, Properties and Applications (Cambridge Univ., 2009) 
6. M. IIcikova, M. Danko, M. Doroshenko, A. Best, M. Mrlik, K. Csomorova, M. Slouf, D. Chorvat Jr., K. 

Koynov, and J. Mosnacek, “Visualization of carbon nanotubes dispersion in composite by using confocal 
laser scanning 

 



Pag. 53 
 

 

POSTER SESSION – P17 

 
Synthesis of magnetic nanoferrites with increased crystallinity 

 
E. Petrova1*, D. Kotsikau1, J. Fedotova2, V. Pankov1 

 

1 Belarusian State University, Belarus 
2 Research Institute for Nuclear Problems, Belarusian State University, Belarus 

 
*Presenter and corresponding author: petrovaeg@bsu.by  

 
Summary 

 
Magnetic nanoparticles are of great interest in such fields as magnetic fluids, catalysis, biomedicine, 
magnetic resonance imaging, data storage and so on. In most of the mentioned applications, the particles 
perform best when their size is below the critical value of around 20 nm, depending on the material. In 
this case each nanoparticle becomes a single magnetic domain and shows superparamagnetic behavior 
when the temperature is above so-called blocking temperature. 
However, an unavoidable problem associated with particles in this size range is their intrinsic instability 
over longer periods of time. Such small particles tend to form agglomerates to reduce the energy 
associated with the high surface area to volume ratio. Due to this large surface atoms/bulk atoms ratio, 
the surface spins make an important contribution to the magnetization [1, 2].  In many popular methods 
including co-precipitation, thermal decomposition and micelle synthesis, some surface-related effects, 
such as surface anisotropy and core–surface exchange anisotropy, can occur. To eliminate such effects, 
additional heat treatment is necessary. However, it leads to an increase in the particle size. To suppress 
agglomeration and increase the degree of nanoparticle crystallinity during synthesis, we proposed a 
modified aerosol pyrolysis method in the presence of an inert component, with additional heat 
treatment. To increase the productivity of synthesis, a method of suspension spray drying was used 
instead of aerosol pyrolysis.  The suspension in this case was a nanoferrite solution containing inert 
component (for example, NaCl). Nanoferrites were pre-synthesized beforehand by coprecipitation. 
 
The objects of investigation were the nanoferrites of the systems MgxZn1-xFe2O4, CoxZn1-xFe2O4, Li0.5-

xZnxFe2.5O4, BaFe12O19. Their properties were analyzed by XRD, IR, DTA/TG, TEM, SEM, SQUID-
magnetometry and Mössbauer spectroscopy. The principle of our method was to conduct the heat 
treatment of the product after spraying in the range of 300-900 °C without removing the matrix of the 
inert component to reduce the fraction of the amorphous material and to increase the degree of its 
crystallinity. The matrix thus prevented agglomeration and increase of the nanoparticle size, and was 
easily removed after the calcination by decantation. 
 
For example, an increase in the temperature of additional heat treatment up to 900 °C leads to an 
increase in the specific magnetization of the BaFe12O19 nanoparticles from 2,8 to 22,3 emu/g, and in 
case of MgFe2O4 – from 8 to 32 emu/g. Meanwhile, for the majority of particles the average particle 
size remains in the range of 20-40 nm. 
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Summary 

 
We report on an experimental study of composite materials based on grapheme nano platelets (GNP) 
and ferroelectric crystallites of triglycine sulfate (TGS) dispersed  in nonconductive epoxy resin matrix. 
Dielectric properties were studied by means of broadband dielectric spectroscopy (20 Hz – 3 GHz). It 
was demonstrated that the dielectric properties are mainly governed by the Maxwell-Wagner relaxation 
at lower frequencies (below 1 MHz) and by diffuse ferroelectric soft mode at higher frequencies (above 
1 MHz). The ferroelectric origin of the phase transitions was also confirmed by piezoelectric 
investigations. Although the phase transition temperature is independent of GNP concentration, the 
piezoelectric and dielectric (above 1 MHz) properties of composites are strongly improved by GNP in a 
broad temperature range. This gives evidence for the strong synergy between GNP and ferroelectric 
particles. The synergy effect appears due to the better distribution of TGS particles in ternary 
composites and the creation of electric fields by GNP inside the composite.  
 
Epoxy resin composites with 30 wt. % inclusions of TGS and up to 1 wt. % inclusions of GNP 
demonstrate ferroelectric properties. The ferroelectric phase transition in these composites was 
confirmed by the dielectric anomaly and the appearance of piezoelectric properties in the low 
temperature phase (below the Curie point). The dielectric properties are mainly governed by the 
Maxwell-Wagner relaxation (below 1 MHz) and the ferroelectric soft mode (above 1 MHz). Although 
the ferroelectric phase transition temperature in ternary composites is the same as in pure TGS crystals, 
GNP and TGS particles demonstrate an evident synergy effect in dielectric and piezoelectric properties.  
 
Below their percolation concentration, more GNP nanoparticles lead to an increase of both dielectric 
permittivity and piezoelectric signals in a broad temperature range. The effect can be explained by a 
better distribution of particles, an improvement of the mechanical properties, and the creation of internal 
electric fields by GNP. Therefore, GNP addition should be considered as a relevant and easy way of 
improving the ferroelectric properties of ternary polymeric composites with ferroelectric and GNP 
inclusions. 
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Summary 

 
Thermal stability of polymer-nanocarbon composites (PNCs) is highly relevant to numerous 

applications in spacecraft, satellites etc. where the materials should be highly resistant to complicated 
external effects, e.g. ionizing radiation [1, 2]. Understanding the molecular mechanisms underlying the 
thermal stability of neat polymers and PNCs is crucial for optimizing the preparation technologies of 
these novel materials with predictable performance [3]. 

This study is aimed at the investigation of the electronic subsystem behavior of the polymer-
nanocarbon composites at different stages of thermal treatment by computational quantum chemistry. 
Polymethylmethacrylate (PMMA) and polybuthylmethacrylate (PBMA) were chosen as a neat-polymer 
due to their well understood decomposition pattern.  The hosting polymer matrix was filled with 
fullerenes (C60). The DFT/B3LYP/3-21G level of theory is used for quantum chemical calculation of the 
geometric and electronic structure of the models of the (PMMA)-C60 and (PBMA)-C60 composites. The 
nature of chemical bonding between neat-polymer and nanocarbons fillers at different stages of thermal 
treatment is discussed. The changes in the interaction mechanism between PMMA and PBMA matrixes 
and nanocarbon fillers as a result of thermal and UV degradation were observed and interpreted.  

Calculations of three basic complexes of the (PMMA)-C60 and (PBMA)-C60 composites system with 
full optimization of the geometric structure were carried out. The complexes under consideration can be 
generated by any of three mechanisms:  

 stochastic homolytic rupture of the carbon-carbon bond of the main chain,  

 photolysis of the side ester groups, 

 removal of the side methyl groups. 
Quantum chemical simulations show that the complex formed by the photolysis of the side ether groups 
has the lowest total energy. The possibility of forming the two remaining complexes is less preferable 
and their formation during irradiation is almost equally probable. 
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Summary 
 
In recent years, additive manufacturing (AM), commonly referred to as 3D printing technology, has 
gained great attention of researchers, engineers and dedicated developers, as a versatile and cost-
effective technology for rapid casting/prototyping of 3D objects formed from the bottom-up by adding 
material one cross-sectional layer at a time, assisted by computer-aided design (CAD) specifications. 
While many approaches are possible for 3D printing, the most popular one is known as fused deposition 
modeling (FDM) that allows the fast fabrication of complex objects from molten plastic extruded 
through a nozzle. 
The insulating nature of the thermoplastic filament (generally PLA, ABS or nylon) represents the main 
bottleneck of this technology unfavourable for printing of electrically conductive parts. In an attempt to 
overcome such limitation, more recently, thanks to the advent of nanotechnology, significant progress 
has been made, as there is the possibility of 3D printing of composite materials with enhanced electrical 
properties. Overall, this study furnishes the results concerning a morphological, rheological and 
electrical characterization of non-conventional composite materials based on PLA reinforced with 
various nanoreinforcements, such as carbon nanotubes (MWCNTs) and graphene nanoplatelets (GNPs). 
More in details, nanofillers dispersion in the PLA resin was investigated by means of scanning electron 
microscopy (SEM), the rheological behavior was studied in a steady-state flow mode whereas electrical 
conductivity, percolation thresholds and frequency response of the resulting materials are some of the 
investigated electrical properties. Supporting the marriage of AM and nanotechnology, the goal is to 
replace the conventional thermoplastic filament with these mixtures thus paving the way for the design 
and fabrication of 3D printable conductive structures. 
 
 
Acknowledgements. This work was supported by EU FP7 project FP7-604391 GRAPHENE Flagship, 
H2020- Adhoc-2014-20 project GA 696656 Graphene Core1 and within the framework of the Marie 
Skłodowska-Curie Actions (MSCA) Research and Innovation Staff Exchange (RISE) H2020-MSCA-
RISE-2016, Project Acronym: Graphene 3D – Project Number: 734164. 
 
 
References 
 

1. Ben Utela, Duane Storti, Rhonda Anderson, Mark Ganter. “ A review of process development 
steps for new material systems in three dimensional printing (3DP)”, Journal of Manufacturing 
Processes 10 (2008) 96-104 

2. O. Ivanova, C. Williams, Thomas Campbell. “Additive manufacturing (AM) and nanotechnology: 
promises and challenges”. Rapid Protot. J. 19 (2013) 353-364. 

3. K. Gnanasekaran, T. Heijmans, S. van Bennekom, H. Woldhuis, S. Wijnia, G. de With, H. 
Friedrich. “3D printing of CNT- and graphene-based conductive polymer nanocomposites 
byfused deposition modeling”, Applied Materials Today 9 (2017) 21–28. 

 

 



Pag. 57 
 

POSTER SESSION – P21 

 
Absorption peak correlation between finite-length achiral  

carbon nanotubes and nanoribbons 
 

V.A. Saroka1*, A.L. Pushkarchuk1,2, S.A. Kuten1, and M.E. Portnoi3 
 

1Institute for Nuclear Problems, Belarusian State University, Minsk, Belarus 
2Institute of Physical Organic Chemistry, National Academy of Sciences, Minsk, Belarus 

3School of Physics, University of Exeter, Exeter, United Kingdom 
 

*Presenter and corresponding author: v.saroka@exeter.ac.uk    
 

Keywords: advanced materials, graphene, quasi-one-dimensional structures, finite length, optical 
absorption, selection rules 
 

Summary 
 
Carbon nanotubes and graphene nanoribbons are deemed as perspective materials for carbon-
based optoelectronics [1]. The relations between such structures are conventionally illustrated 
by the fact that an unrolled tube transforms into a ribbon and vice versa. In other words, when 
the tube circumference is equal to the ribbon width. Such transformation, however, does not 
reflect the intrinsic similarities between two types of the structures with respect to their 
electronic and optical properties. Recently it has been theoretically noticed that optical 
properties of some types of infinitely long periodic tubes and ribbons connected via rolling 
transformation are correlated if the width of the ribbon is reduced twice [2,3]. In particular, 
many absorption peak positions in the initial tube coincide with those in the resulting ribbon, 
i.e. when the ribbon width is a half of the tube circumference. In present work we study this 
effect in finite-length achiral carbon nanotubes and graphene nanoribbons, using the π-orbital 
tight-binding model with the nearest neighbor approximation [4]. We show that the finite-
length achiral tubes and ribbons longer than 30 nm exhibit absorption spectra similar to those 
of infinitely long periodic structures. It also follows from our results that all finite-length 
achiral tubes can be decomposed into two achiral graphene nanoribbons of equal width with 
similar positions of absorption peaks in their spectra. This correlation should be useful in 
spectroscopic characterization of graphene nanoribbon. In particular, it implies that Kataura 
plots [5], if properly rescaled, may be applied to the characterization of achiral nanoribbon 
width. This also implies that planar structures, fully integrated into a graphene monolayer, can 
mimic the optical response of tubular structures which should be useful in designing 
nanoribbon-based optoelectronics devices. 
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Summary 
 
Synthesis of magnetic nanostructures with predermined dimensions, structure and magnetic 
characteristics is becoming an increasingly urgent task. A template synthesisis a well-controlled method, 
where the size and shape of the objects are determined by the pore parameters, and the structure and 
magnetic characteristics depend on the electrolyte parameters and deposition conditions. FeNi 
nanotubes with diameters of 380 nm, wall thickness of 110 nm and lengths of 3 μm; 6 μm; 9 μm; 12 μm 
were synthesized in the pores of PET membrane by thetemplate synthesis method. A comprehensive 
study of the structure and magnetic characteristics was carried out. It was shown that nanotubes length 
increment leads to an increase of crystallinity degree, as well as a decrease of lattice parameter and 
value of microdeformations. The change of the structural parameters is closely related to stages of 
nanotubes formation: from the initial defect structure with the smallest crystallinity degree, at short 
length of nanotubes to the polycrystalline low-defect structure at nanotubes dimensions up to the total 
pore length. 

Based on magnetic characterization the presence of magnetic anisotropy of FeNi nanotubes was 
shown, as well as nonlinear character of its dependence on the length. The complex effect of 
magnetocrystalline anisotropy, elastic stresses in nanotubes structure, and shape anisotropy was 
analyzed to understand the nature of anisotropy. Typically, magnetic anisotropy of ferromagnetic 
nanotubes is determined by the shape anisotropy [1], but in FeNi nanotubes we estimated another 
nature. Taking into consideration the simulation of magnetic anisotropy of ferromagnetic nanotubes 
with selected morphology and structure [2] the main role in the magnetic behavior of FeNi nanotubes 
belongs to magnetocrystalline anisotropy which leads to twisting of magnetic field lines along 
nanotubes walls. Moreover this effect was observed for different length of nanotubes.   
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Summary 

The requirements of today’s spin-electronics to achieve the switching speed in the terahertz range may 
be implemented by means of femtosecond all-optical switching between magnetic orderings in materials 
with competing phases such as colossal magneto–resistive (CMR) manganites [1].  The previous studies 
are mainly devoted to manganites being in an antiferromagnetic (AFM) ground state at low 
temperatures.  Photoinduced melting of a charge ordered (CO)/orbitally ordered (OO) AFM state in 
these materials results in transition to ferromagnetic (FM) state. 

In presented work reflectivity transients have been performed on epitaxial La 0.67Ca 0.33MnO3 films using 
pump-probe spectroscopy.  The 180-nm thick c-axis-oriented films were grown by pulsed KrF laser 
sputtering on MgO(100) substrates. They reveal typical for CMR manganites behavior and undergo both 
a metal-insulator transition and a phase transition to a ferromagnetically ordered state at the Curie 
temperature TC [3]. 

A Ti:sapphire laser providing 60-fs laser pulses with a photon energy of 1.5 eV at a repetition rate of 
83MHz served as a light source. The pump power Pex was 5–100mW (fluence: 20–400 μJ/cm2), the 
probe power was kept below 0.1 Pex.  

The photoinduced reflectivity transients show complex responses on different timescales in the 
temperature range below TC. The transient curves can’t be approximated by a combination of 
exponential functions with different time constants. To explain this unusual behavior one has to suggest 
the existence of CO/OO clusters in the ferromagnetic host. The contribution of these clusters is very 
pronounced even if they content is small.  

The reflectivity transient dependence on the measurement temperature, external magnetic field as well 
as illumination power and duration has been investigated in femto- and picoseconds time scales. A time 
dependent dynamical change of the reflectivity transient was also observed that gives rise to a resistivity 
vs. temperature hysteresis.  

To interpret the experimental results we assume that a system consisting of competing magnetic phases 
becomes unstable under an ultra-short electronic excitation that promotes the structural and magnetic 
transformations.   
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Summary 

 
The properties of different composite materials are affected not only by the type of the modifying agent 
but also by the matrix used for their preparation. One of the most promising and simple in application 
matrices are ones based on phosphate compositions. Phosphate materials can be used at wide 
temperature region starting from –180 and up to 1700 °C. These materials are non-combustive, nontoxic 
and environmentally safe [1, 2]. 
 
In present communication we report about the results on the fabrication and research of different 
thermostable functional composites using phosphate matrix.  
 
Phosphate compositions consist of a binding substance and fillers, which are mixed in a definite 
proportion just before application to a surface or making a required pattern.  
Binders may be orthophosphoric acid or alumophosphate solutions modified with various additives as 
well as solid hydrogen phosphates of magnesium and calcium.  
As to fillers, one may use the main fillers such as aluminium oxide Al2O3, aluminium nitride AlN (or 
oxides of chromium, iron, titanium, zirconium, also silicates of aluminium and zirconium and even the 
minerals of natural origin). Different functional fillers also may be successfully introduced into 
phosphate matrix, for example, silicon carbide SiC, some boron compounds (B amorphous and 
polycrystalline, BN, B4C), and carbon compounds (CNT, carbon fibers and textiles) [3, 4].  
 
After the patterns’ molding and shaping, the hardening of phosphate composites occurs at room 
temperature, this process may take time from several hours to several days. Then usually thermal 
treatment of the prepared compositions up to temperatures of 300 °C is performed.  
 
Specific application area of the phosphate composite materials, conditions of their operation, and 
attaining of definite physical, chemical and mechanical characteristics are determined by the 
composition and proportions (i.e. ratio) of main components: the binders and the fillers. Thus, 
depending on the filler nature, phosphate composites may perform as radio-transparent or radio-
absorbing materials, electro-conductors or dielectrics, thermo-conducting or thermo-insulating materials 
as well as materials for ionizing radiation protection (shielding). 
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Summary 
 

One of the most common applications of plasmonics is Surface-enhanced Raman spectroscopy (SERS). 
Due to the intense electromagnetic fields arising at the metal-dielectric interface under the action of 
external excitation, the Raman scattering cross section increases by magnitude orders. By this reason, 
this method allows to detect and investigate ultra-low concentrations of substances. The signal 
amplification is directly related with the type of metal and its shape of nanoscale structure. In this work, 
we considerate three metals (copper, silver and gold) demonstrate plasmon properties in the visible 
wavelength range. Form control was achieved by parameters of template synthesis. An ion-track SiO2/Si 
template with a pore size of 300-1000 nm was used. For the first time it was shown that the shape of the 
nanostructures depends on the pore size and does not repeat the pore geometry. For example, crystals, 
dendrites and sunflower-like nanostructures were obtained. Test SERS studies indicated that silver 
nanostructures had the best signal-enhancing property, and dendrites were determined as the most 
preferred form of the nanostructures. It was found that the silver dendrites could be used for SERS in 
wide wavelength range (478-633 nm). The detection limit for some analytes reached a single molecule. 
In accordance, these structures can be used for SERS in the highly accurate analysis of various 
molecular compounds. 
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Summary 
 

One of the actual applications of epoxy nanocomposites containing carbon nanoparticles is their 
use as effective electromagnetic shields at rather low loadings of filler [1]. A lot of pure carbon particles 
have highly anisotropic physical properties, especially electrical. But at convenient methods of 
composites manufacturing anisotropic properties of fillers are lost. For application as shields composites 
which have both conducting and magnetic properties are more interesting. One of the promising fillers 
in this field is magnetite [2]. In the case of combination of magnetite and carbon filler in composite 
alignment of the filler in polymer matrix can be achieved using a weak magnetic field. 

This work is devoted to the investigation of shielding properties of graphite 
nanoplatelets (GNPs)/- and MWCNTs/epoxy composite materials (CMs) and CMs with binary filler 
where the second filler was magnetite (Fe3O4) nanopowder. The content of MWCNTs (GNPs) in CMs 
was 2÷5 wt. %, the content of Fe3O4 was 30 wt. %. To obtain CMs with aligned distribution of fillers 
the composite mixture was placed to a low magnetic field (∼0.9 T). The scalar network analyzer was 
used to measure the transmission and standing wave ratio (SWR) within the 26–37,5 GHz frequency 
range. Dielectric permittivity of the CMs was studied in the frequency range 10 MHz–67GHz using 
vector panorama Agilent Technologies N5227A-200. Morphology of the used fillers and their 
distribution in the fabricated CMs was studied through SEM. It was established that Fe3O4 addition 
decreases SWR and transmission of the CMs. Furthermore, it was found that under magnetic field 
action Fe3O4 form a fiber-like structure in polymer matrix and it is reflected on the SWR and 
transmission characteristics of the CMs also (Fig. 1). Frequency dependence of polarization mechanisms 
and dielectric loss in the investigated CMs are discussed in terms of interaction of electromagnetic wave 
with filler when the composition and distribution of filler is different. 
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Fig. 1. SWR frequency dependencies for 3%GNP+epoxy CM and 3%GNP+Fe3O4+epoxy CM. 
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