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Simulation of Quantum Mechanics in Optical Systems

B. M. Rodriguez-/Lara
Instituto Nacional de Astrofisica, Optica y Electrénica
Calle Luis Enrique Erro No. 1, Sta. Ma. Tonantzintla, Pue. CP 72840, Mexico

Abstract— Back in 1982, Feynman conjectured that quantum computers may be able to
simulate other quantum systems in a more efficient way than classical computers [1]. This was
the first difficult task posed for universal quantum computers. In 1996, Lloyd showed that such
a thing is possible [2]. Frequently, a universal quantum computer is overkill for the problem
at hand; e.g., one could be interested in simulating just a particular class of quantum systems.
It is in these cases that classical and quantum simulators enter the picture. A simulator is a
controllable system that can be used to mimic other systems and, in general, simulation is less
demanding than universal computation; it has been said that a mere 40 qubits are enough to
perform a quantum simulation of the Hubbard model that delivers the intricacies of this physical
system [2].

In this talk, I will make use of electromagnetic field propagation through coupled single-mode
waveguide lattices to report classical simulators of quantum walks [4], relativistic quantum me-
chanics [5], and quantum optics [6]. Such lattices are described by the coupled mode generalized
paraxial equation in the tight binding regime [3]:

—i0,E = v;E + Bi(Ej—1 + Ejv1),  j= —o00,...,00, (1)

in the case of infinite lattices and modified accordingly for semi-infinite and finite lattices. Quan-
tum simulators exploit photon transport in the same or equivalent systems; e.g., coupled cavities,
circular resonators or strip-line resonators described by Hamiltonians of the type

H =Y wjala+g; (afa;en +a5al,,), (2)
J

with equations of motion given by
1005 = wja; + g; (dj+1 —l—djfl), j = —00,...,00. (3)

For the case of a single photon, Eq. (1) and Eq. (3) are equivalent up to an overall phase and
variable change t — z. In matrix form, say 9. = ME or ,d@ = Mad, both differential sets are
solvable, £(t) = e™=£(0) or d@(t) = e~"™Mtg(0), for any combination of variables as long as they
are position/time independent, due to the tridiagonal form of M [4].

In particular, I will show how finite lattices can be used to produce quantum walks with sub-
Poisson statistics [4], how semi-infinite binary lattices are curiously solved by Fibonacci polyno-
mials [5] (these lattices are used to classically simulate relativistic quantum mechanics [7]) and,
finally, how semi-infinite coupled waveguides can simulate nonlinear atom-field interactions that
does not occur in nature, like a phase-driven two-level system [6].

REFERENCES
1. Feynman, R. P., “Simulating physics with computers,” Int. J. Theo. Phys., Vol. 21, 467-488,

1982.

Lloyd, S., “Universal quantum simulators,” Science, Vol. 273, 1073-1078, 1996.

3. Jones, A. L., “Coupling of optical fibers and scattering in fibers,” J. Opt. Soc. Am., Vol. 55,
261-271, 1965.

4. Rodriguez-Lara, B. M., “Exact dynamics of finite Glauber-Fock photonic lattices,” Phys. Rev.
A, Vol. 84, 053845, 2011.

5. Rodriguez-Lara, B. M. and H. Moya-Cessa, “Photon transport in binary photonic lattices,”
Phys. Scripta, 2012 (accepted).

6. Rodriguez-Lara, B. M., A. Zarate Cardenas, F. Soto-Eguibar, and H. Moya-Cessa, “A photonic
realization of a phase driven two-level atom,” arXiv: 1207.6552 [quant-ph], 2012.

7. Longhi, S., “Classical simulation of relativistic quantum mechanics in periodic optical struc-
tures,” Appl. Phys. B, Vol. 104, 453—-468, 2011.
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Barycenter Properties of Diffraction-free Light Beams

Chun-Fang Li, Shuang-Yan Yang, and Zi-Hua Xin
Department of Physics, Shanghai University, China

Abstract— The so-called Jones wavefunction f(k,t) of photon in momentum space is related
with its three-component wavefunction f(k,t), called Maxwell wavefunction, through a quasi
unitary matrix II via

f(k,t) =1I1f(k, ). (1)

The position operator of photon that acts on the Jones wavefunction splits into two parts, x; =
= + £, The first part
E =iVl (2)

is interpreted as the barycenter of photon. The second part that takes on the form of gradient
operator in the momentum space, £ = ¢V, is as the coordinate relative to the barycenter. Letting
the propagation direction be along the z-axis, the Jones wavefunctions for the complete set of
diffraction-free beams are given by

Fywo o m (K, 1) = ,/;’—7‘;0;’;—70 3(ky — kpo)d(ks — kso)e™Pe™ 0t m =0, £1, £2...  (3)
P!

which are characterized by a set of four quantum numbers v, wq, k.9, and m corresponding
respectively to helicity, energy, the longitudinal components of momentum and orbital angular
momentum about the barycenter. The matrix II is characterized by an additional degree of
freedom that originates from the constraint of transversality condition and takes on the form of a
constant unit vector, I. Letting the unit vector I be located in the plane zoz and make an angle
© with the z-axis, the Cartesian coordinates of the barycenter for the diffraction-free beam (4)
are given by

=) = — ¥ + ol cos © — cos vy
YV kptan® 2k sin® lcos © — cosg| )

Surprisingly, they show that the barycenter does not generally lie on the beam axis, the z-axis.
(a) If I is outside the wavevector cone, || > ¥y, one gets

- 2
(Ey) = T cot ©. (4)

It vanishes only when I is perpendicular to the z-axis. (b) If I is inside the wavevector cone,
|©] < ¥, one finds

- ¥ (C]

=,) = — tan —. 5

E) = ftan g 5)
It vanishes only when I is parallel to the propagation direction. The case in which I lies exactly
on the wavevector cone, |0| = ¥y, is also considered.
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Giant Goos-Hanchen Shift in Evanescent Field and Near-field
Applications

Xi Chen
Department of Physics, Shanghai University, Shanghai 200444, China

Abstract— It is well known that Goos-Hanchen (GH) effect, suggested by Sir Isaac Newton,
refers to the phenomenon that a light beam totally reflected from an interface of two substances is
laterally displaced from the position predicted by pure geometric reflection [1-4]. In 1947, F. Goos
and H. Hanchen demonstrated this surprising phenomenon for the first time in the microwave
experiment [5,6]. Since then, the GH shifts have been extended to various configurations, for
instance, frustrated total internal reflection (FTIR) [7-9], attenuated total reflection [10, 11], and
other areas of physics, such as acoustics, neutron physics, atom optics and graphene.

With the development of scanning near-field optical microscopy, the GH shift in the evanescent
wave has attracted much attention [12-14]. Recently, M. Nieto-Vesperinas and J. R. Arias-
Gonzalez have found that the GH shift induced by the total reflection has great effect on the
distribution of forces [14]. On the other hand, evanescent fields, related to evanscent wave mirrors,
are useful to manipulate atoms and molecules [15], or detect the cold trapped atoms [16]. More
interestingly, the enhanced evanescent field can be obtained by adding the surface of the prism a
highly conductive, nonmagnetic metal thin, which leads to the significant modification of atomic
mirror potential [17].

Motivated by these progress, we will investigate the GH shift in the evanescent field, which is
enhanced by coating a dielectric thin film onto the surface of the prim, as shown in Fig. 1. What
we concentrate on is the GH shift in the transmitted evanescent region, instead of the reflected
region. Similar to the enhancement of GH shift in the reflection due to the resonance in a single
thin dielectric layer [18], the GH shift in the evanescent field can be also enhanced, which will
change the near-field intensity distribution. With the giant GH shift in evanescent field, we will
further calculate the forces exerted by the evanescent wave, to see how the forces can be modified
by the GH shift produced by the enhanced evanescent wave in such configuration. We hope these
GH-related phenomena could be useful in the near-field applications.

Figure 1: Scheme of the Goos-Hénchen S; in transmitted evanescent region produced by the prim coated by
a thin dielectric thin film.
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Optical Soliton Perturbation by Semi-inverse Variational Principle

Anjan Biswas
Department of Mathematical Sciences, Delaware State University, Dover, DE 19901-2277, USA

Abstract— The dynamics of the propagation of solitons through an optical fiber is studied in
presence of higher order dispersions and other Hamiltonian perturbations with full nonlinearity.
The semi-inverse variational principle is applied to solve the perturbed nonlinear Schrodinger’s
equation (NLSE) which is the governing equation. There are three types of nonlinearity that will
be considered, namely the Kerr law, power law and log law nonlinearity. The soliton amplitude,
width and its velocity will be determined. A couple of constraint conditions will fall out during
the course of derivation of the soliton solution.
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Bragg Grating Solitons in Semilinear Couplers with Dispersive

Reflectivity

S. A. M. S. Chowdhury and Javid Atai

School of Electrical and Information Engineering, The University of Sydney, NSW 2006, Australia

Abstract— Fiber Bragg grating (FBG) is a periodic structure where the interplay of the
counterpropagation and linear resonant coupling gives rise to strong effective dispersion and a
gap in the linear spectrum. The equilibrium between the effective dispersion and nonlinearity in
the FBG results in soliton-like states that are generally termed Bragg-grating (BG) solitons. The
existence and stability of BG solitons in periodic media with Kerr nonlinearity have been the
subject of much interest both theoretically and experimentally over the past two decades [1-4].
They have also been investigated in more complex systems such as semilinear couplers [5] and
cubic-quintic nonlinearity [6].

In this paper, we investigate the existence and stability of Bragg grating (BG) solitons in a semi-
linear dual-core system with dispersive reflectivity where one of the cores has Kerr nonlinearity
and is equipped with a grating and the other core is linear. The objective of the present work is
to study the effects of dispersive reflectivity, which accounts for nonuniformity in Bragg grating,
on the solitons. Following the approach described in Refs. [7,8], the model of Ref. [5] can be
modified to include dispersive reflectivity as follows:

1

2

3
4

dug + dug + [Jo] + (1/2)[ul] u+ v + ko +mug, = 0
vy — ivg + [[uf® + (1/2)|v]*] v + u + 59 + mug, = 0

1P +1cpy +ku = 0
0

)
)
)
Wy —ich, + kv = )

o~ o~ o~ o~

where u and v denote the forward and backward propagating waves in the nonlinear core and
¢ and 9 are their counterparts in the linear core, respectively. « is the linear coupling between
the two cores, m represents the strength of the dispersive reflectivity and c is the relative group
velocity in the linear core (group velocity in the nonlinear core has been set to 1).

Using a relaxation algorithm, we have found quiescent solitons in the system. The stability of
these solitons have been analyzed by means of a systematic numerical stability analysis. It is
found that the stability of solitons is greatly affected by ¢. Another interesting result is that
the presence of dispersive reflectivity tends to stabilize the solitons. However, the degree of
stabilization is dependent upon the value of the coupling coefficient.
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Few-cycle Optical Solitons

Y. Y. Lin, M.-R. Chen, I-H. Chen, and R.-K. Lee
Institute of Photonics Technologies, National Tsing-Hua University
Hsinchu City 300, Taiwan

Abstract— To understand few cycle optical pulse propagation in nonlinear media in term of
an efficient envelope function description, new model such as generalized few cycle envelope ap-
proximation (GFEA) [1] was proposed to work with a satisfactory accuracy beyond the slowly
varying envelope approximation (SVEA) and to prevent the excess computation complexity in
finite-difference-time domain (FDTD) approach. In GFEA, the few-cycle expansion in polariza-
tion is parameterized by the ratio of phase velocity over group velocity of an optical pulse. Under
the scope of GFEA, we investigate the formation of few-cycle optical soliton in a kerr nonlinear
media, which nevertheless,has never been revealed. We find soliton solutions with chirp which is
essentially governed by the first correction term similar to the self-steepening effect [2]. When
propagating few-cycle GFEA soliton with full vectorial model through FDTD method, we ob-
served negligible distortion in the envelope function in great contrast to the SVEA soliton. By
the same technique, we reveal the existence of an optical self-induced-transparency soliton family
in a two-level absorbing system down to the few-cycle limit. Based on the GFEA, we introduce a
systematical method of reducing the Maxwell-Bloch equations beyond the SVEA and characterize
the parameter space to achieve slow and fast lights. Verified by direct numerical simulations with
full vectorial Maxwell-Bloch equations, we also give the relationships for a number of optical cy-
cles on area theory and pulse group velocity, which demonstrate possible coherent photon-matter
interactions.
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Influence of Six-wave Interactions and Saturated Nonlinearity on
the Statistics of Waves in the Framework of One-dimensional
Generalized NLS Equation

D. Agafontsev
P. P. Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow, Russia

Abstract— We study the influence of six-wave interactions on the statistics of waves in the
framework of one-dimensional generalized Nonlinear Schrodinger equations that take into ac-
count (1) the collapsing six-wave interactions term, dumping terms (linear dissipation, two- and
three-photon absorption) and a pumping term,

iV + (1 —ia)V,y 4+ (14 30) |2 + (1 +ic)a|U[* W = ip¥, o >0, a,becp<<l. (1)

and (2) saturated nonlinearity, dumping and pumping terms,
|w?

W\IJ + b U2V +ic| U = ip¥, ¢>0, abecpg<l. (2

U+ (1 —ia)P,, +

Saturated nonlinearity in the form (1 — exp(—q|¥|?))¥ is also considered. We solve Eqs. (1)-
(2) numerically in the box with periodically boundary conditions starting from the initial data
Uli—o = 1+ €(x) or ¥|;—9 = €(x) where €(z) is a stochastic noise. Coefficients before the
additional terms to the classical NLS equation were chosen small in order to make the dynamics
of Egs. (1)—(2) close to that of the classical NLS equation.

We measure evolution of spectra I, = (|¥|?), spacial correlation functions and the PDFs for wave
amplitudes, concentrating special attention on the formation of “fat tails” on the PDFs. In case of
the classical NLS equation integrable turbulence appearing as a result of modulation instability of
the stationary monochromatic wave leads to an almost Rayleigh PDF. Addition of the collapsing
six-wave interactions in Eq. (1) leads to appearance of non-Rayleigh tails on the PDFs when high
waves appear more frequently. The corresponding non-Rayleigh addition completely vanishes in
the absence of the six-wave interactions and increase with six-wave constant «. In case of the
saturated nonlinearity Eq. (2) non-Rayleigh tails appear in the region of medium amplitudes
that corresponds to condensation process, while at high amplitudes PDFs vanish according to
Rayleigh law.
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Spatial Optical Solitons and Their Interaction in Nonlocal Media
with Competing Nonlinearities

M. Shen!, H. Zhao!, L. Chen', Y.-Y. Lin2, C.-C. Jeng?, R.-K. Lee?, and W. Krolikowski*

'Department of Physics, Shanghai University, Shanghai 200444, China
Institute of Photonics Technologies, National Tsing-Hua University, Hsinchu 300, Taiwan
3Department of Physics, National Chung-Hsing University, Taichung 402, Taiwan
4Laser Physics Center, Research School of Physics and Engineering
Australian National University, Canberra ACT 0200, Australia

Abstract— We theoretically investigate spatial optical solitons and their interaction in nonlocal
media with competing focusing and defocusing nonlinearities. In particular, we describe the
properties of vortex solitons and dark solitons in such nonlocal competing media. We employ a
variational approach to analytically describe their propagation properties and interactions. We
also study the propagation and interaction of solitons using the split-step fourier transform. The
numerical simulations fully confirm the analytical results.
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Second Harmonic Generation Due to Magnetic Field of Intense
Light Field

Shouvik Mukherjee!, Sourabh Mukhopadhyay?,
Biplab Kumar Datta?, and Prasanta Kumar Datta'

!Department of Physics and Meteorology, Indian Institute of Technology
Kharagpur-721 302, India
2Govt. College, Jhargram, WB, India
3Technology Control Cell, Development Consultant Pvt. Ltd
Park Centre, 24 Park St, Kolkata-700017, India

Abstract— Recent high intensity experiments [1,2] on transparent dielectric liquids have re-
ported magnetic continuum generation over a wide range of frequencies and magnetic scattering
at fundamental frequency. Interactions of light with matter at relatively low intensities assume
the response of matter to be dominated by the electric field of light. It seems to be a good
approximation, at low intensities, to completely neglect the force exerted by the magnetic field
of light, however, the same viewpoint might not be upheld when we probe matter with light of
high intensity. Though the charges are influenced much strongly by electric field as compared to
magnetic field, it has been realized [3] that even a weak magnetic response can get enhanced due
to parametric resonance at virtually any detuning of the incident field. In light of this informa-
tion, the magnetic forces on charges can no longer be neglected. Lights electric field accelerates
the charges along the direction of polarization of light whereas the magnetic field rotates the
accelerated charges about its axis. The superposition of these two effects forces the charges
to take up a complicated trajectory. The trajectories traced by the charges have displacement
components along incident wave propagation direction. So the charge response (in an isotropic
medium) can no longer be approximated only by induced dipoles in transverse plane (plane con-

taining E and B). There will be induced dipoles in longitudinal plane (plane containing B and

-

k) as well. Solving Lorentz oscillator model without neglecting the magnetic component of force
enables us to visualize the bound charge motion under the influence of incident field. Under
suitable approximations, explicit analysis of this field induced motion helps us to identify some
interesting consequences originating from charge motion dynamics. Since the incident electric
field is strong and comparable to few orders of interatomic electric field, so the electrons undergo
greater displacement from their equilibrium position. This introduces anharmonic oscillation
because the potential is no more symmetric about equilibrium position in the limits of extended
displacement of charge. Classical calculation suggests dependence of the electric polarization on
(E x B). Higher order dependences on (E x B) arise due to the consideration of anharmonic
potential. We discuss the modification in electric polarization response by considering the lowest
order (E x B) term (second order) which is not a manifestation of any nonlinear interaction with
the potential. To account for the response of material to pseudo vector under spatial inversion
operation we introduce electro-magnetic susceptibility 7;;. It is found that nonlinear polarization
due to (E X B') transforms the same way as any first order linear polarization component under
spatial inversion operation. This leads to the realization that with a suitable choice of anisotropic

response to (E X é), it is possible to generate a transverse polarization wave propagating at sec-
ond harmonic frequency. The governing equations for wave propagation in a medium are given

by,
G (O x B+~ (T+70) L5 = 2 pye |
(VB (T430) GaE =~ o
T 2 T I R o,
VX(VXB)—}—?(I#—X())@BZMOE(VXP ) (2)
with
PN = conin€a;i E; By, (3)

where, I and Y(!) represents 3 x 3 identity and first order susceptibility matrix respectively.
Nio and €41 represents electro-magnetic susceptibility and three dimensional Levi-Civita symbol
respectively. Writing Equation (2) was not required for cases when nonlinear polarization was
not affected by the magnetic field of EM wave. It is evident that in this case the nonlinear
polarization depends on both electric and magnetic field of incident EM wave. The generation
and propagation of second harmonic wave is then discussed.
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Dynamic Frequency Response of Charged Chiral Rods

K. Kang and J. K. G. Dhont
Forschungszentrum Juelich, ICS-3 (Soft Condensed Matter), Juelich, Germany

Abstract— Various phases and dynamical states are induced by an external AC electric field
in concentrated suspensions of charged, fibrous viruses (fd), which are model systems for very
long and thin, stiff colloidal rods [1,2]. The observed phases and dynamical states are the
result of chiral rod-rod interactions between polarized electric double layers, polarized layers of
condensed ions and electro-osmotic flow. We use various experimental methods, not only for
the characterization of the field-induced phases/states, but also for the determination of the
divergence of a length- and time-scale on approach of a non-equilibrium critical point [3-5].
Theory is developed for the frequency-dependent charge distribution and electrokinetic potential
for both the diffusive double layer of very weakly charged rods, and condensed ions in case of
highly charged rods [6, 7].
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Segmentation of OPG Images in Studying Jawbone Diseases

J. Mikulka
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 4, Brno 612 00, Czech Republic

Abstract— Image processing in biomedical applications is strongly developing issue. Many
methods and approaches for image preprocessing, segmentation and visualization were described.
This paper describes OPG image processing. The aim of processing is to segment regions of
jawbone cysts and evaluate their local descriptors. It is necessary to choose suitable segmentation
method because of adverse parameters of regions. The regions of the cysts are of low contrast
and the pixel intensity distribution is not homogenous. The level set, the watershed and the live-
wire segmentation method were chosen to testing. The results are compared. The second step of
processing is to evaluate local descriptors of segmented regions which correspond to cysts. Several
parameters were chosen to describe these regions — region area, mean gray value of intensities,
modal gray value of intensities, standard deviation of intensities, minimal and maximal gray
value of intensities, integrated intensity, median of intensities and shape descriptors of region
(perimeter, circularity, aspect ratio, roundness and solidity). Values of these parameters will
be used in following development of semiautomatic processing method with regard to current
assessment of cysts by doctors. The algorithm for classification of the type of cyst is presented.
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An Improved Segmentation of Brain Tumor, Edema and Necrosis

J. Mikulka and E. Gescheidtova
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 4, Brno 612 00, Czech Republic

Abstract— Image processing in biomedical applications is strongly developing issue. Many
methods and approaches for image preprocessing, segmentation and visualization were described.
This paper deals with image segmentation, especially brain tumor segmentation. The main
problem in medical practice is to recognize the type of brain or other tumor. Many methods for
tumor classification were described. One of them is perfusion analysis. Perfusion images are of
very low contrast and devaluated by noise. The main idea is to identify the level of perfusion
of contrast agent transported into the tissue. The level of perfusion may decide on the type of
tumor. The perfusion has to be monitored in tumor region, edema around the tumor region and
in the interface between brain tumor and edema. The goal described in this paper is to propose
a segmentation method to recognize brain tumor, edema and necrosis in structural magnetic
resonance images (T1, T2) and create a binary mask that allows measurement in perfusion
weighted images.
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Bone Marrow Analysis in Multi-contrast MR Images

P. Marcon! and K. Bartusek?

!Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Czech Republic
Institute of Scientific Instruments of the ASCR
v.v.i, Kralovopolska 147, Brno 61264, Czech Republic

Abstract— In the article a magnetic resonance multi-contrast data collection and analysis
are described. The research of pathology of bone marrow is very interesting at present. MRI
measurement is very interesting method of bone marrow imaging because this technique provides
images with excellent soft tissue contrast. In adults the bone marrow is in general composed of
fatty tissue, which appears hyperintense on 77 and T weighted images and occurs hypointense on
MR-sequences with fat-saturation. In case of trauma, tumor or infection infiltration, replacement
and depletion of fatty bone marrow takes place resulting in intermediate to hypointense signals
on Tj-weighted images and T> weighted images with fat-saturation. These changes obscure the
distinct appearance of fatty bone marrow and serve as early indicators of pathology, which makes
this imaging technique a very sensitive diagnostic tool.

MRI imaging of small bones is problematic, because the measured are loaded with susceptibility
artifacts and low signal to noise ratio. Therefore, we focus on the comparison between com-
monly used MRI contrast (Proton Density-PD, relaxation time T4, relaxation time 75, Diffusion
Weighted Imaging — DWI and Susceptibility Weighted Imaging — SWI) and multi-contrast
weighted imaging (71 /7>, DWI/SWI, DWI/T}, SWI/T;, DWI/PD, SWI/PD). Acquired images
are classified in terms of signal to noise ratio, intensity difference and steepness of edges.

In this paper we focus on the calculation SWI images. These images allow us to see better
difference in the intensity of the magnetic field, particularly where one tissue turns into other
tissue. For the images calculation we used two methods. The first one is based on classical
measurement gradient echo sequence and the second one is based on measuring of asymmetrical
spin echo.

The experiment was accomplished on a MR tomograph at the Institute of Scientific Instruments,
Academy of Sciences of the Czech Republic (IST ASCR). The MR tomograph dispose of static
field flux density By = 4.7 T, 1 H nuclei resonance frequency is 200 MHz. Method of measurement
and processing was tested on the chicken wing, especially bone: ulna and radius.

The results in the paper will be very important for next study of the bone marrow pathologies.
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Stochastic Models of Electrodynamics and Numerical Models

R. Urban, P. Fiala, M. Hanzelka, and J. Mikulka
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Czech Republic

Abstract— The article presents the transient task numerical modelling of the electrodynamic
process in gas with a pulsed electric field. Within the numerical model, non-linear electric prop-
erties of gas are respected and, by the help of a non-deterministic stochastic model, the possibility
of an electric charge generation is analyzed. The authors examine the problem of electric charge
probability evaluation; on the basis of testing the tip-tip disposition, a comparison of individual
instances of the probability function evaluation is provided.
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Stochastic Description of Wireless Channel for Cognitive Radio

R. Urban, P. Fiala, T. Kriz, and J. Mikulka
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 2906/4, Brno 612 00, Czech Republic

Abstract— Wireless propagation channel is normally described by attenuation for significant
frequency [1], which is not appropriate parameter for modern communication systems using micro
cells. It is more required to have information about utilization of the particular channels, because
there is enough power in link budget for wireless transmission. This paper introduces innova-
tive channel stochastic description mainly for cognitive radio application [2]. Cognitive radio is
represented by the awareness features of cognitive nodes. Cognitive nodes sense other users of
the shared frequency spectrum, which are called primary users. Based on the localization of the
primary users in the frequency spectrum, cognitive note minimize interference between primary
and cognitive users using dynamic spectrum technique. For correct working of the cognitive
engine it is necessary to have correct and precise information about spectrum situation and also
spectrum prediction. This information should be obtained from frequency sensing mechanism.
Generally, it is not possible to perform sensitive wideband and real-time spectrum sensing. From
this reason it is possible to create suitable model of spectrum occupancy for cognitive system. It
seems that the statistical models provide satisfactory results. Based on stochastic method it is
possible to prepare models for these cognitive radio systems. According to the typical utilization
of the wireless channel it is possible to classify typical radio transmission according to several
criteria and improve methods of the primary user detection [3]. The prepared algorithms are
also tested within real spectrum data which were obtained during spectrum survey measurement
campaign. Finally, the spectrum model for several environments is prepared for purpose of the
cognitive radio.
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Statistical Evaluation of Diffusion-weighted Imaging of the Human
Tissues

P. Marcon!, J. Mikulka!, E. Gescheidtova', K. Bartusek?, and A. Sprlakova?®

Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 4, Brno 612 00, Czech Republic
2Tnstitute of Scientific Instruments of the ASCR, v.v.i
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Abstract— The research of pathology of human tissues is currently very interesting. Devel-
opment of the magnetic resonance imaging represent very significant step because this technique
provides images with excellent soft tissues contrast. We used two methods for measurement 7
weighted images and Ty weighted images. The first one variable is the spin-lattice relaxation T}
is the mechanism by which the z component of the magnetization vector comes into thermody-
namic equilibrium with its surroundings. The second one variable is the spin-spin relaxation 75
is the mechanism by which the transverse component of the magnetization vector exponentially
decays towards its equilibrium value of zero. In our experiment we used a MR tomograph at the
University Hospital Bohunice. The MR tomograph dispose of static field flux density By = 1.5T.
Method of measurement and processing was tested on the healthy volunteers.

We defined the area of individual tissues in the measured images. We are interested in these
tissues: gray matter, white matter, muscle, bone marrow and bone. The statistic analysis was
made in these selected areas of the tissues. The value of maximum, minimum, means, standard
deviation and also higher statistic orders such as skewness and kurtosis was obtained. With the
knowledge of the individual tissues statistical quantities, the particular tissues can be automati-
cally searched by using a special proposed algorithm.

The results in the paper will be very important for next study for the comparison between healthy
and pathology tissues.
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Software for Partial Discharge and Localization

M. Cap, P. Drexler, P. Fiala, and R. Myska
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 2906/4, Brno 612 00, Czech Republic

Abstract— This article deals with possibilities of localization of the partial discharges (PD) in
oil power transformers. Localization can be performed on the basis of measured UHF waveforms
analysis during activity of the partial discharges. The time-shifts of the waveforms related to
transient process occurrence in the signals are the main input parameters for localization methods.
In order to estimate the position of the signal source in the 3D space a minimum of four antennas
has to be used, since the time of the PD is unknown. Designed application uses a numerical
method for detection of the discharge spatial location. Diagnosis of the partial discharge is split
into four Gross. At first, time graphs of detected signal are displayed for its visual verification.
Each group of displayed signals include time stamp of the actual trigger. This time stamp is used
as a information for visualization of the position of the signal group in time range of the power
voltage period. Third part is focused on the spatial detection of measured discharges in volume
of the transformer. At least, statistical results are shown.
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Automatic Detection and Segmentation of the Tumor Tissue
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Abstract— MRI is a constantly developing region of medicine, which is suitable for the study
of soft tissues. The current methodologies for obtaining images weighted by relaxation times give
only an idea of the distribution of soft tissues. Differential diagnosis of a high-grade glioms and
solitary metastases is in some cases inconclusive. Investigators in several studies have demon-
strated that in perfusion MRI (magnetic resonance imaging) of high-grade glioms and solitary
metastases are differences. Analysis of the peritumoral region could be more useful than the
analysis of the tumor itself. Precise evaluation of mentioned differences in peritumoral region
gives a hopeful chance for tumor diagnosis.

This article describes automated detection and segmentation of the tumor and tumor edema.
Automated detection of the tumor tissue area is based on the human brain symmetry. Healthy
brain has a strong sagittal symmetry. Assuming the tumor is not placed symmetrically in both
hemispheres, it is possible to apply this method for its detection. Tumor area is evaluated from
image which is obtained by summing partial results from all T2 weighted images. Segmentation
and precise detection of the tumor in the area marked during the previous step is based on Chan-
Vese algorithm. Segmentation is provided in T1 and T2 weighted images in order to achieve
highest precision on the tumor border. Resulting masks are applied to the various perfusion
maps.
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Study of the Influence of Magnetic Fields on Plants Tissues

E. Hutova!, K. Bartusek?, and J. Mikulka!

!Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 2906/4, Brno 612 00, Czech Republic
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Abstract— When the magnetic field may influence behavior and movement of electrically
charged particle, can this field also affect cells in the living organisms. The aim of the study was
to determine a dependence of the growth of the plant cultures in a stationary homogenous and
gradient magnetic field. It was created nine magnetic fields of various sizes of magnetic inductions
and defined configurations. The magnetic fields were created by ferrite magnets and neodymium
magnets. The map of magnetic fields was simulated by the methods the finite element in the
ANSYS and experimentally measured with a Hall probe. The plant cultures in this experiment
were represented an early somatic embryos (ESEs) of Picea abies (/L./Karsten, clone 2.2/2) and
Pinus Engelman. These plant cultures were derived at the Institute of Plant Biology at Mendel
University in Brno. The clusters of early somatic embryos were placed to the Petri dishes when
each dish contained one cluster of ESEs. The Petri dishes were placed to the magnetic fields and
concurrently five dishes were used as a control group and were placed in the earth’s magnetic
field. Very important for the experiment were the ambient conditions. It has been demonstrated
that the ambient conditions especially outdoor temperature and humidity has great influence on
the growth of ESEs.

The speed of growth was evaluated from 2D images of clusters in Petri dishes and it was cal-
culated the size of the area. For a better characterization of the quality of ESEs were taken a
measurements more cuts of ESEs by magnetic-resonance displaying techniques with a few types
of contrasts. As the contrast were used a spin density (SD), the relaxation times 77,75 and the
magnetic field By. This field characterizes the magnetic susceptibility of plants cultures. The
multi-contrast analysis of 2D images shows the possibility of capture better distinction of the
clusters and characterization of the plan cultures growth.
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Combined X-ray Diagnostics of Heterogeneous Biological Material
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Abstract— The problem of finding a suitable diagnostic procedure for the examination of
structural elements has been closely analyzed in recent years. In this connection, the main
material of interest is wood as a sort of heterogeneous matter, and the diagnostic procedure is
directed towards enabling industrial application in the future. A new diagnostic method based on
combine acoustic and X-ray imaging has been proposed and tested. The X-ray technique utilizes
the reduction of imaging information into 2D planar projection. It allows us to image clearly the
rate of material damage through displaying the weighted damage rate.
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Miniature Planar Triple Passband Filter Using Embedded
Resonators

S. P. Lim and K. M. Lum
School of Science and Technology, SIM University, Singapore

Abstract— A triple passband filter has been proposed using embedded resonators. The pro-
posed filter consists of a main dual feeding structure that embeds four resonators. The topology
of the four embedded stepped impedance resonators are designed to control and adjust the return
loss and insertion loss of the three passband response characteristics. Two transmission zeros are
realized for each passband and the selectivity of the filter is significantly improved. The proposed
filter is prototyped using material FR4 substrate with dielectric constant of 4.06, thickness of
1.6 mm and loss tangent of 0.014, conductor thickness of 35 um. The fabricated structure has
a miniature dimensional about the size of 15 mm by 22 mm. The three passbands are observed
at center frequency 1.8 GHz, 3.3 GHz and 5.2 GHz respectively with S7; value less than —10dB.
The corresponding passband insertion loss So; is approximately —1dB to —5dB. Attenuation
is greater than 20dB for lower and upper stopband. Measurement and simulation results are
discussed and presented.
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Design of Planar Single-section and Cascaded Directional Filters

Y. H. Choo and K. M. Lum
School of Science and Technology, SIM University, Singapore

Abstract— In the proposed paper, a single-section and cascaded microstrip directional filters
is designed for modern communication systems, such as mobile telephony, radiolocation and
satellite links. The proposed filter takes on the structure of a Quadrature Hybrid coupler, where
a parallel branch is capacitively coupled by two coupling resonators. It also has four ports which
are completely match and exhibits a directional and filter-like frequency characteristics. This
four-port device has a bandpass response between ports 1 and 4 (Sy1), and its complementary
reject-band response between ports 1 and 2 (S21). No power is transmitted to port 3 (isolation),
and none is reflected to port 1. By compensating the line length between the coupling resonators
of the single-section directional filter, better performance can be achieved, notably in matching.
Furthermore, cascading multiple single-section directional filters will lead to the generation of
transmission zeros in the stopband and therefore will sharper the cut-off response characteristics.
To validate the proposed directional filter configuration, related analysis, and design theory, a
single-section and cascaded microstrip directional filters are designed and fabricated using FR-4
substrate with dielectric constant of 4.05, loss tangent of 0.014 and thickness of 1.6 mm. The
overall dimension of the single-section and cascaded directional filter are 74.4mm by 45 mm,
and 122.2mm by 50 mm respectively. For the single-section directional filter, the best matched
measured return loss Sp1 is less than —20 dB around center frequency of 2.35 GHz. Good isolation
S31 is obtained at values less than —25dB. The filter response shows a bandstop characteristic
with band elimination, S3; of —14.03dB and a bandpass characteristic with coupling S4; of
—3.64dB. For the cascaded directional filter, the best matched measured return loss Sy is less
than —25dB. The measured So; and S41, are —20.43 dB and —2.74 dB respectively. Power at port
3 is well isolated with S3; values of less than —25 dB. The measured filter response showed good
agreement with the simulation results. Both simulation and measurement data are presented and
discussed.
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Wideband Planar Filter Using Signal-interference Techniques

W. W. Hong and K. M. Lum
School of Science and Technology, SIM University, Singapore

Abstract— This paper presents a new wideband planar filter using signal-interference tech-
nique. The passband has a center frequency 1.5 GHz. The proposed filter topology has a 50 (2
input and output port respectively. The core design topology consists of a transversal signal-
interference filtering section that embeds a miniature transversal filter. Thus, under signal-
interaction principles, the filtering action comes about through the generation of multiple out-
of-band power transmission zeros and constructive passband signal combinations. The proposed
filter is prototyped using FR4 substrate with a dielectric constant of 4.4, thickness of 1.6 mm, loss
tangent of 0.022 and conductor thickness of 35 um. The fabricated structure has a dimensional
size of 90 mm by 100 mm. The best matched measured return loss Sp; is observed at 1.27 GHz
with a value less than —42 dB. The corresponding passband insertion loss So; is approximately
—0.5dB with a —10dB bandwidth of 1.2 GHz. The lower and upper stopband attenuation is
greater than 40dB respectively. Both simulation and measurement result are presented and
discussed.
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Planar Bandpass Filter Design Using Transversal Filtering

K. K. Oh and K. M. Lum
School of Science and Technology, SIM University, Singapore

Abstract— A new microwave single-passband planar filter using transversal filtering is pre-
sented. The proposed filter consists of transversal filtering sections. Three identical transversal
sections are cascaded between the 50 €2 input and output terminations and two addition stubs are
implemented at the input and output transmission line. These stubs vividly reduce the insertion
losses. The center frequency of the proposed bandpass filter is 2.6 GHz. It is prototyped on
FR4 substrate with dielectric constant 4.05, loss tangent 0.014 and thickness 1600 pm. The over-
all dimensional size is 72mm by 46 mm. Best measured matching return loss Sy; is observed at
2.6 GHz with a value less than —15 dB. The passband insertion loss So; is approximately —2.5 dB.
Attenuation for the lower stopband and upper stopband is greater than 40 dB respectively. Both
simulation and measurement results are presented and discussed.
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Performance of MIMO RADAR Using Two-way MUSIC

Pasan De Silval>? and Chee Kiat Seow! ?

1School of Science and Technology, SIM University, Singapore
2Nanyang Technological University, Singapore

Abstract— Multiple Input Multiple Output (MIMO) concept have been a prevalent technology
in the wireless communication system (IEEE 802.11n and 4G), as it helps to increase transmit
power and data throughput by array gain and diversity gain, while reducing multipath fading. In
recent years, the concept of MIMO technology has been exploited for outdoor RADAR system for
direction finding of targets besides using the conventional monostatic and bi-static radar system.
Direction finding subspace algorithms such as MUSIC, ESPRIT have been often used to estimate
the angle of arrival (AOA) of signal path that has been transmitted from the single element
transmitter impinging on the antenna array at the receiver end and in turn deduce the direction
of the target in the space.

In this paper, we explore using the MUSIC algorithm for direction finding of the target in
the space for RADAR system equipped with antenna array at both transmitter and receiver.
This algorithm is known as two way MUSIC for MIMO RADAR system. We will assess the
performance of the two way MUSIC algorithm for MIMO RADAR such as the advantages and
limitations in terms of maximum no of target elements that can be detected for given no of
transmitters and receivers. We will also explore the minimum angle of resolution for different
SNR values.
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Study of Channel Measurement Parameter Estimation for Precise
Mobile Localization Applications

Chee Kiat Seow, Soon Yim Tan, and Kai Wen
Nanyang Technological University, Singapore

Abstract— Recent year has seen the need for precise localization for both commercial and
government applications. The underlying first building block that affects the performance of the
localization algorithm is the performance of the estimation of position related parameters such
as Time of Arrival (TOA) and Angle of Arrival (AOA). These parametric estimation methodolo-
gies are generally classified as deterministic or subspace methods. The accuracy and resolution of
these parametric estimation algorithms are also usually a function of the channel parameters such
as coherence bandwidth, which can either manifest as flat fading or frequency selective fading. In
this paper, we will investigate the effect of channel parameters such as bandwidth on the perfor-
mance of the parametric estimation algorithms in different Non-line-of-Sight (NLOS) multipath
environment coupled with experimental channel measurement campaign. The purposes are two
fold. In existing NLOS localization schemes, only the dominant NLOS paths are necessary to
deduce the position related parameters and hence the estimated position of Mobile Device (MD).
As such, we will investigate the accuracy of detecting the dominant multipaths position related
parameters. Secondly, the finding of required signal bandwidth needed for precise localization is
another motivator for the study especially with the advent of 802.11n implementation.
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On Multi-antenna Systems for Wireless Transmission Mediums

Mirio Marques da Silva''2, Rui Dinis"'?, and Américo Correial 4
nstituto de Telecomunicacdes, Portugal
2Universidade Auténoma de Lisboa, Portugal
3DEE-FCT-UNL, Portugal
4ISCTE-IUL, Portugal

Abstract— The current work performs a comparison between different multi-antenna tech-
niques that can be employed to achieve the requirements of the Fourth Generation Cellular (4G)
Systems. The comparison is performed in different multi-user, throughputs and propagation
environments, at the link and system level using the capacity and BER as performances indexes.

Multi-antenna systems are used in order to push the performance or capacity /throughput limits as
high as possible without an increase of the spectrum bandwidth, although at the cost of an obvious
increase of complexity. The antenna spacing must be larger than the coherence distance to ensure
independent fading across different antennas elements [1,2]. Alternatively, different antennas
should use orthogonal polarizations to ensure independent fading across different antennas.

The various multi-antenna configurations are referred to as Single Input Single Output (SISO),
Multiple Input Single Output (MISO), Single Input Multiple Output (SIMO) or Multiple Input
Multiple Output (MIMO). The SIMO and MISO architectures are forms of receive and transmit
diversity schemes, respectively. MIMO architectures can be used for combined transmit and
receive diversity, for the parallel transmission of data or for spatial multiplexing. When used for
spatial multiplexing, MIMO technology promises high bit rates in a narrow bandwidth. In this
case, MIMO system considers the transmission of different signals from each transmit antenna
element so that the receiving antenna array receives a superposition of all transmitted signals.

The multiple-antenna techniques may present the following configurations: Space-time block cod-
ing (STBC); multi-layer Transmission; Space Division Multiple Access (SDMA); beamforming.

Although STBC is essentially a MISO system, the use of receive diversity makes it a MIMO,
which corresponds to the most common configuration for this type of diversity. STBC based
schemes focus on achieving a performance improvement through the exploitation of additional
diversity, while keeping the symbol rate unchanged [2, 3].

On the other hand, multi-layer Transmission and SDMA belong to another group, entitled spatial
multiplexing (SM), whose principles are similar but whose purposes are quite different. The goal
of the MIMO based on multi-layer transmission scheme is to achieve higher data rates in a
given bandwidth, whose increase rate corresponds to the number of transmit antennas [1]. The
increase of symbol rate is achieved by “steering” the receive antennas to each one of the transmit
antennas, in order to receive the corresponding data stream [4,5]. This is achieved through the
use of the nulling algorithm. Finally, the beamforming is an effective solution to maximize the
Signal to Noise Ration (SNR), as it steers the transmit (or receive) beam towards the receiver
(or transmitter) [6]. As a result, an improved performance or coverage can be achieved with
beamforming.

Multi-user MIMO: The approach behind Multi-User-MIMO (MU-MIMO) is similar to SDMA.
Nevertheless, while SDMA is typically employed in the uplink, the MU-MIMO can also be imple-
mented in the downlink. This allows sending different data streams into different User Equipments
(UE). In this case, instead of performing the nulling algorithm at the receiver side, the nulling
algorithm is performed using a pre-coding approach at the transmitter side (Base Station [BS]).
This is possible because the BS can accommodate a high number of transmit antennas. In the
downlink of a MU-MIMO configuration, the number of transmit antennas must be higher than
the number of multiple data streams that is sent to multiple users, at the same time and occupy-
ing the same frequency bands (the opposite of the SDMA approach). In this configuration, the
nulling algorithm is implemented at the transmitter side using a pre-processing algorithm such as
Zero Forcing, Minimum Mean Square Error, dirty paper coding, etc. [4]. Alternatively, instead
of implementing the above described spatial multiplexing principle, the MU-MIMO can be per-
formed using the beamforming algorithm. In any case, MU-MIMO requires accurate downlink
Channel State Information (CSI) at the transmitter side. Obtaining CSI is trivial using Time
Division Duplexing (TDD) mode, being more difficult to be achieved when Frequency Division
Duplexing (FDD) is employed. In FDD mode, CSI is normally obtained using a feedback link in
the opposite direction.
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It is worth noting that users located at the cell edge, served by MU-MIMO, may experience a
SNR degradation due to inter-cell interference, inter-user interference, additional path loss or due
to limited BS transmit power (which results from the use of a pre-coding). A mechanism that
can be implemented to mitigate such limitation is to employ a dynamic MIMO system, where
MU-MIMO is employed everywhere, except at the cell edge. In this location, the BS switches into
SU-MIMO, which translates in an improvement of performance [4]. Alternatively, base station
cooperation is known as an effective mechanism which improves the performance at the cell edge,
resulting in an more homogenous service quality, regardless the users’ positions.
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On the Multihop Relays with Multiple Antennas for LTE-A

Carlos Reis! 2, Américo Correial’2, Nuno Souto! 2, and Mario Marques da Silval:3
) b b)

nstituto de Telecomunicacoes, Portugal
2ISCTE-IUL, Portugal
3Universidade Auténoma de Lisboa, Portugal

Abstract— In this paper, we analyze cooperative communications for broadcast/multicast
wireless communication systems based on the LTE-Advanced (LTE-A) standard. Multihop re-
lays utilizing the same frequency bands as the base station are considered. These relays are
equipped with multiples antennas (MIMO), at least the double of those employed at the base
station side. The simulation results show that multihop relays achieve an improvement of power
efficiency, while keeping the average coverage and the overall network throughput unchanged.
This can be viewed as an energy-efficient wireless transmission technique, which contributes to
the implementation of the green cell networks concept, as it allows a reduction in the carbon
emission footprint.

Relay Nodes (RN) were introduced in 3GPP Release 9 as a special type of eNodeB that is not
directly connected to the core network. A RN receives data which was forwarded by an eNodeB
that is connected to the Evolved Packet Core (EPC). Upon receiving such data, the RN sends
it to the User Equipments (UE) that are under its area of coverage. This is a very interesting
option for operators, as usually RN present structures less expensive to deploy and to maintain,
as compared to eNB.

In [1,2] four relay architectures are proposed and studied. Those architectures differ from each
other in terms of expected behaviour of the RN/DeNB and how the data is sent within the
EPC until it reaches the UE. That study concludes that an architecture where RN acts as a
proxy for S1/X2 has the most overall benefits, having been incorporated in 3GPP Release 10
(LTE-Advanced). Type 1 half-duplex in-band relay does not transmit any signal to UE when
it is supposed to receive data from the DeNB. The relay then configures these sub-frames as
Multicast/Broadcast Single Frequency Network (MBSFN) sub-frames when UEs are not supposed
to expect any downlink transmission.

In this paper, we consider Type 1 RN with advanced Multiple Input Multiple Output (MIMO)
schemes with support of 4 antennas for enhancement to relay backhaul. The objective is to
achieve the DeNB throughput in spite of its in-band half duplex mode.

We first analyse Base Station cooperation with MIMO and next we replace some BSs by Fixed
Relays assuring that the overall throughput of the network is kept the same, but with an improved
power efficiency. The 3GPP Release 10 (LTE-Advanced) parameters will be taken as reference
in our system level simulations.

Based on the comparison between the reference SNR at a Block Error Rate (BLER) of 1%, and
the evaluated SNR, it is decided whether the block is or not correctly received. This is achieved
for all the transmitted blocks, for all users, in all 57 sectors of the 19 cells, during 500 seconds.

MIMO2X2
eNB + RN

MIMO2X2
eNB

MIMO4X4
eNB + RN

MIMO4X4
eNB

Figure 1: Coverage of SC scenario with and without relays.
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Figure 1 presents the coverage as a function of the percentage of transmitted power from the base
station (E¢/Iy,), for MIMO 2 x 2 and 4 x 4, coding rate 1/2 and SC scenario. This corresponds
to a scenario where there is interference with different patterns due to different frequency reuse
factors. We have chosen the frequency reuse of 1/3 in all simulations. All interfering sites transmit
with the maximum power of 90%. The cell radius R is 2250 meters (inter-site-distance 3900 m),
and for the reuse factor chosen the reference coverage of 95% is achieved by all the schemes.
However, it should be noticed that coverage values of MIMO 4 x 4 are lower than those of MIMO
2 x 2 due to higher levels of spatial interference.

We have analyzed cooperative communications with fixed multihop relays, working in half-duplex
mode and equipped with multiple antennas MIMO. A cellular network was considered, where
some of the BSs have been replaced by fixed relay stations with much less transmitted power,
while keeping the same global area. We have confirmed that, by using multihop relays, it is
possible to keep the average coverage and the overall network throughput, while achieving an
improvement of power efficiency. This can be viewed as an energy-efficient wireless transmission
technique, which contributes to the implementation of the green cell networks concept, as it allow
a reduction in the carbon emission footprint.
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Channel Capacity Improvement Dependency of the Number of

Receiving Antennas for Aeronautical MIMO Systems

N. Kanada, Y. Sumiya, N. Yonemoto, S. Futatsumori, A. Kohmura, and E. Isozaki
Electronic Navigation Research Institute (ENRI), Tokyo 182-0012, Japan

Abstract— In this abstract, we discussed channel capacity improvement of Multiple-Input
Multiple-Output (MIMO) antenna systems for new high-speed aeronautical digital communica-
tion technologies. It will be required to cope with increasing volumes of air traffic and airport
surface congestion. We are studying design methods to optimize operational performances in
Japanese airports. Performance analysis under worse conditions is important for safety commu-
nication such as air traffic control. Especially, the relationship between communication perfor-
mance and the position of antennas around aircraft must be clarified due to the unknown effects
of masking or reflection by aircraft components such as the fuselage, wings and empennage, and
airport structures such as terminal buildings.

We experimentally evaluated channel capacities for communication performance analysis. Fig-
ure 1 illustrates a measurement configuration in Sendai Airport. We measured 12 transmission
coefficients between 2 aircraft and 6 ground antennas. To investigate the relationship between
the number of receive antennas and channel capacity, we calculate channel capacities of MIMO
systems that two aircraft antennas transmit and from one to six ground antennas receive.

Table 1 shows a relationship between MIMO channel capacity and number of receiving antennas.
Table 1 shows that minimum, average, and maximum of the MIMO channel capacitiesincrease
with respect to the number of receiving antennas. Also standard deviation of the MIMO channel
capacity decreases with respect to the number of receiving antennas on both MIMO conditions.

As the results, we experimentally show that introduction of MIMO systems contributeshigher
speed aeronautical digital communications in an actual airport environment.

Aircraft Antennas
A2

Figure 1: Measurement configuration.

Table 1: MIMO channel capacity improvement dependency of the number of receiving antennas.

Side Back
# ANT | Min | Ave. + Std. Dev. | Max Min | Ave + Std. Dev. | Max
1 19.543 19.880 + 0.321 20.325 | 17.305 | 17.889 +0.390 | 18.228
37.611 38.623 £ 0.668 39.827 | 31.487 | 32.230+0.383 | 32.784
38.946 39.715 £+ 0.437 40.360 | 32.837 | 33.396 +0.234 | 33.728
39.7 40.309 + 0.295 40.756 | 33.635 | 34.029 +0.149 | 34.245
40.46 40.757 £ 0.182 40.937 | 34.360 | 34.494+0.095 | 34.614
41.084 41.084 +0 41.084 | 34.839 34.839 £ 0 34.839

S| O | W N




Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013 47

MIMO SC-FDE Transmission Techniques with Channel Estimation
and High-order Modulations

Joao Carlos Silva', Rui Dinis?, Nuno Souto', and M4rio Marques da Silva®

ISCTE/Instituto de Telecomunicacdes, Lisboa, Portugal
2ISR/IST, Lisboa, Portugal
3UAL/Instituto de Telecomunicacoes, Lisboa, Portugal

Abstract— OFDM (Orthogonal Frequency Division Multiplexing) schemes are the choice mod-
ulation for broadband wireless broadcast and multicast systems. However, OFDM schemes
have important limitations such as the high envelope fluctuations of the transmitted signals
and its sensibility to carrier frequency errors. When these limitations bear critical we should
consider SCFDE schemes (Single-Carrier Frequency Domain Equalization), which allow much
higher power efficiency due to the lower envelope fluctuations. This can be further improved if
the conventional linear FDE is replaced by an iterative FDE such as an IB-DFE (Iterative Block
Decision Feedback Equalizer), adapted for use with hierarchical constellations.

In order to obtain good performance results, accurate channel estimates must be available at the
receiver, especially if MIMO (Multiple Input, Multiple Output) is to be used. For this purpose,
pilot symbols and/or training sequences are usually multiplexed with data symbols, which lead
to spectral degradation. As an alternative, we can use implicit pilots (i.e., pilots superimposed
to data).

In this paper, we consider SC-IB-FDE systems in MIMO broadband wireless broadcast and mul-
ticast systems where the channel estimation is based on either multiplexed (explicit) or implicit
pilots, for comparison purposes. An iterative receiver with joint equalization, turbo decoding and
channel estimation was employed in order to optimize the results, and to reduce the high inter-
ference levels between data and pilots (for the implicit pilots). The main differences between the
different schemes are discussed and the performance results show that the proposed techniques
for channel estimation yield excellent results.

Introduction: Block transmission techniques, with appropriate cyclic prefixes and employing
FDE techniques (Frequency-Domain Equalization), have been shown to be suitable for high
data rate transmission over severely time-dispersive channels [1,2]. Two possible alternatives
based on this principle are OFDM (Orthogonal Frequency Division Multiplexing) and Single
Carrier (SC) modulation using FDE (or SC-FDE). Due to the lower envelope fluctuations of the
transmitted signals (and, implicitly a lower PMEPR (Peak-to-Mean Envelope Power Ratio)),
SC-FDE schemes are especially interesting for the uplink transmission (i.e., the transmission
from the mobile terminal to the base station) [1,2], being considered for use in the upcoming
LTE (Long Term Evolution) cellular system. A promising IFDE (Iterative FDE) technique for
SC-FDE, denoted IB-DFE (Iterative Block Decision Feedback Equalizer), was proposed in [3].
This technique was later extended to diversity scenarios [4] and layered space-time schemes [5].
These IFDE receivers can be regarded as iterative DFE receivers with the feed-forward and
the feedback operations implemented in the frequency domain. Since the feedback loop takes
into account not just the hard decisions for each block but also the overall block reliability,
error propagation is reduced. Consequently, IFDE techniques offer much better performance
than non-iterative methods [3-5]. Within these IFDE receivers the equalization and channel
decoding procedures are performed separately (i.e., the feedback loop uses the equalizer outputs
instead of the channel decoder outputs). However, it is known that higher performance gains
can be achieved if these procedures are performed jointly. This can be done by employing turbo
equalization schemes, where the equalization and decoding procedures are repeated in an iterative
way [6], being essential in MIMO schemes. Although initially proposed for time-domain receivers,
turbo equalizers also allow frequency-domain implementations [7, 8].

In order for the above schemes to operate correctly, good channel estimates are required at the
receiver. Typically, these channel estimates are obtained with the help of pilot/training symbols
that are multiplexed with the data symbols, either in the time domain or in the frequency
domain [9-11].
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Single-stream Communication Using Orthogonal Signal Division
Multiplexing with Multiple Antennas

T. Ebihara
Faculty of Engineering, Information and Systems, University of Tsukuba, Tsukuba, Japan

Abstract— Orthogonal signal division multiplexing (OSDM) is a new information transmis-
sion method using the Kronecker product between the rows of IDFT matrix and the data se-
quences [1,2]. This technique is designed to keep orthogonality among the data sequences over
the frequencyselective fading channel. By sharing one data sequence as pilot between the trans-
mitter and the receiver, the receiver can obtain the channel matrix from the pilot and can obtain
the message by solving simultaneous equation. This technique has been extended to multi-stream
communication with multiple antennas by the author [3,4]. However, it is found that the simul-
taneous equation sometimes become ill-conditioned which results in loss in performance. This
problem can be avoided with the increase in the number of antennas in the receiver. However,
the increase in complexity cannot be avoided. In this paper, single-stream communication us-
ing OSDM with multiple antennas (2 x 2) is proposed. By designing the data sequences in the
transmitter, the ill-condition problem can be avoided without increase in complexity. The sim-
ulation results suggest that the single-stream communication achieved far better bit-error rate
performance to the multi-stream case.
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General Ray Method for Solution of Dirichlet Boundary Value

Problem for Helmholtz Equations

Alexandre Grebennikov and A. Lizbeth Cortés Cortés
Facultad de Ciencias Fisico Matematicas, Benemérita Universidad Auténoma de Puebla
Av. San Claudio y Rio verde, Ciudad Universitaria, Puebla, Pue., CP 72570, Mexico

Abstract— An approach for solution of the Dirichlet boundary value problems for Helmholtz
equations on the base of the General Rays Principle is considered. The proposed approach to
the problem under investigation consists in constructing for considering PDE an analogue as
family of ODE describing the distribution of the electrical potential function u(x,y) along of
“General Rays”, which are presented by a straight line [ with some parameterization. We use the
traditional Radon parameterization with a parameter ¢: * = pcosp—tsiny, y = psin p+tcos .
Here |p| is a length of the perpendicular from the centre of coordinates to the line I, ¢ € [0, 7] is
the angle between the axis = and this perpendicular.

We reduce PDE to the family of ODE applying the direct Radon transform PDE. This reduction
leads to ODE with respect to variable p. But using the variable p makes it impossible to satisfy
directly to the boundary conditions expressed in (z,y) variables. This p-version of the GR-
method can be explained as the consequence of the next steps: 1) reduce the boundary value
problem to homogeneous one; 2) describe the distribution of the potential function along the
general ray (a straight line [) by its direct Radon transform u,(p); 3) construct the family of
ODE on the variable p with respect the function u,(p); 4) solution of the constructed ODE with
the zero boundary conditions; 5) calculate the inverse Radon transform of the obtained solution;
6) regress to the initial boundary conditions.

General Ray method present the solution of the considering problem by explicit analytical formu-
las that include the direct and inverse Radon transforms. The goal of this work is to investigate
properties of this versions of the General Ray method for considering class of problems on the
base of theoretical and numerical analysis.
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High Resolvability of Electrical Tomography Based on General Ray
Method

Alexandre Grebennikov
Facultad de Ciencias Fisico Matematicas, Benemérita Universidad Auténoma de Puebla
Av. San Claudio y Rio verde, Ciudad Universitaria, Puebla, Pue., CP 72570, Mexico

Abstract— A computer simulation of a new special Electrical Tomography method of high
resolvability is proposed. Its mathematical model and the measurement scheme of external data
are constructed on the basis of General Ray Principle, proposed by the author for distribution
of different, in particular electromagnetic, fields. Proposed model leads to the classic Radon
transformation that appears as specific element in new General Ray Method, constructed by the
author and realized as a simple linear fast numerical algorithm. Proposed measurement scheme
and General Ray algorithms open possibility of high resolvability and fast computer recognition
of compound structures. Developed scheme is realized as MATLAB software and justified by
numerical experiments.
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Fast Numerical Solution of Dirichlet Boundary Problem for Laplace
Equation in 3D Domains with Complicated Geometry

Alexandre Grebennikov
Facultad de Ciencias Fisico Matematicas, Benemérita Universidad Auténoma de Puebla
Av. San Claudio y Rio verde, Ciudad Universitaria, Puebla, Pue., CP 72570, Mexico

Abstract— We consider the Dirichlet boundary value problem for Laplace equation in 3D
simply connected star domain €2 with continue boundary surface. The proposed approach to
the numerical solution of the problem consists in the next scheme: 1) apply the two-dimensional
p-version of the General Ray Method for some sufficient number slices of the domain; 2) construct
3D approximation of obtained results by explicit spline-approximation formulas for 3 variables.
We suppose that in every slice the corresponding sub domain is also 2D simply connected star
domain. Bought steps of the scheme can be realized by fast algorithms that guarantees rapidness
of the calculation by scheme in general. Developed scheme is justified by theoretical aspects and
numerical experiments realized on model examples, using constructed MATLAB software.
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Electromagnetic Eigen-field Characteristics of Acousto-optic
Waveguides with Transverse SAW

Yasumitsu Miyazaki
Faculty of Engineering, Aichi University of Technology
50-2 Manori, Nishihasama-cho, Gamagori 443-0047, Japan

Abstract— Integrated optics and optical devices consisting of active and passive waveguides
have been developed recently. Among several optical devices, for optical switch using acoustoptic
(A-O) effects, fundamental characteristics and application processing systems of collinear optical
switching device have been studied about optical dielectric waveguides on LiNbOj3 crystal sub-
strates. Conventional waveguide-type A-O devices use collinear interaction with mode coupling
based on Bragg condition between optical waves and SAW both propagating in same directions.
Collinear A-O devices of waveguide-type show sufficient performance for wavelength selective
switching with narrow bandwidths. However, SAW propagation speed is very slow, comparing
with optical wave speeds and in these collinear A-O devices, interaction time is several micro
seconds for 10 mm waveguide device length.

In A-O devices of optical waveguides using transverse A-O interaction, where SAW propagates
transversely and at right angles to optical wave propagation direction, SAW propagation lengths
needed for complete A-O interaction may become 10 um and interaction time may be several
nano seconds. Ultra high speed switching can be accomplished, in A-O waveguide devices with
transverse interaction of optical modes and SAW. In this paper, fundamental characteristics of
transverse A-O interaction are studied as electromagnetic boundary value problem.

Refractive indexes in optical waveguides induced by A-O effects with SAW shown by sine functions
derive wave equations with functional coefficients. Wave field characteristics in inhomogeneous
media of periodic structures for transverse directions given by A-O effects due to SAW, are an-
alyzed by analytic method of Hill’s equations for transverse spectral functions. Electromagnetic
fields in core and clad regions with periodic structures expressed by sine functions corresponding
to SAW fields are shown by Mathieu functions with parameters a and ¢ concerned with eigen
values. By boundary conditions for electric and magnetic fields at boundaries between core and
clad, eigen equations for eigen modes in transverse type A-O waveguides are derived. Dispersion
characteristics of A-O eigen modes are studied for wavelengths of optical waves and SAW, with
acousto-optic coefficients for stable pass and unstable forbidden bands. Based on these funda-
mental field characteristics of A-O waveguides, mode couplings and switchings in transverse A-O
waveguide devices consisting of coupled several optical waveguides controlled by SAW may be

shown.
y
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Figure 1: Transverse-type A-O waveguide device
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Polynomial Modal Analysis of Slanted Lamellar Diffraction Gratings
in Classical Mountings

Randriamihaja Manjakavola Honoré', Karyl Raniriharinosy'!, and Gérard Granet? 3

ILAPAUF, BP 1264 CP 301, Faculté des Sciences, Université de Fianarantsoa, Madagascar
2Institut Pascal, Clermont Universités, Université Blaise Pascal
BP10448, F-63000 Clermont-Ferrand, France
3CNRS UMR 6602, Clermont Universités, Université Blaise Pascal
F-63177 Aubiere, France

Abstract— When a structure is translation invariant along one axis, modal methods are well
suited to characterize its electromagnetic behaviour. Lamellar gratings are the most simple
structures that can be analyzed with a modal method. Since the dielectric constant depends
only on one spatial coordinate it is possible to expand the electromagnetic field in the grating
region in terms of the eigenfunctions of the Helmholtz equation. One of the main reason for
difference in the convergence rate of the various numerical solution of the eigenvalue problem is
the treatment of the discontinuities of the electromagnetic field at the interface between different
dielectrics or metals. Using polynomials expansions within each domain of the lamellar gratings
allow to express rigorously the different continuity relations that determine the eigenvalue problem
and thus leads to exponential convergence for the eigenvalues and eigenvectors as was shown by
Morf [1]. Recently, the polynomial modal method was revisited and Gegenbaueur polynomials
were introduced [2,3]. In this presentation, we show how the modal diffraction formulation
may be generalized to deal with slanted lamellar gratings. For that purpose we introduce an
inclined coordinate system (u,v,w) deduced from the Cartesian coordinate system (x,y,z) by
x =u —tan(p)v, v =y, w = z. In the new coordinate system the permittivity function depends
on the only u variable and the structure is translation invariant along the v direction and we are
thus lead to an eigenvalue problem in which the v dependence of the field components is of the
form exp(iBv) where (3 is a sought eigenvalue. Numerically, we get a matrix eigenvalue equation
by using the Galerkin Method with Legendre or Chebyshev polynomials. As an application, we
will consider enhanced transmission through slanted small apertures in metallic films.
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Figure 1: Geometry of the diffraction problem.
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Diffraction by a Subwavelength Concaved Perfectly Conducting

Wedge

Thierry Gilles
Ecole Royale Militaire, Laboratoire d’Electromagnétisme Appliqué (LEMA)
Avenue de la Renaissance 30, Bruxelles 1000, Belgium

Abstract— The fields and current densities behaviors in the vicinity of an isolated infinitely
sharp edge or vertex are well known. Many analytic results are available to date for various
diffraction problems. Just to name some of the most important ones, among others: Sommerfeld
solved the half plane illuminated by a plane wave [1], Mac Donald generalized this result to
the wedge [2]. Radlow [3] solved the the quarter plane sector case and Satterwhite and Kouy-
oumjian [4, 5] found the general solution for any sector and incident field source.

To ensure unicity of the solution in presence of an edge, it has been recognized that a condition
was necessary: the so called “edge condition”. It states that induced current densities must
be integrable to produce finite scattered fields. The edge condition actually selects the solution
having the lowest order of singularity at an edge, ruling out any singularities of order greater
than p~1/2, where p is the distance to the edge.

By expanding the fields as a power serie of p, Meixner characterized their behavior close to an
edge surrounded by a combination of metal and dielectric sectors [6,7]. After the pioneering
work of Meixner, several authors analyzed the edge fields and current densities for several more
complex configurations [8-10]. The general conclusion of all these works is that the singular fields
grow like p™" very close to the edge, the exponent v depending both on the geometry and the
electromagnetic properties of the wedge-shaped sectors surrounding the edge. Two cases worth
remembering are the metallic half plane (v = —1/2) and the metallic 90° wedge (v = —1/3) in
free space.

More analytically challenging problems involving two or more edges have been tackled by various
authors. Exact solutions have been obtained for an infinity [11,12] or for only two [13] parallel
stacked half planes. The so called “thick” half plane has been addressed first in an approximate
way by Hanson [14], and later solved exactly by Jones [15] who obtained tractable expressions
and numerical results for the far field only for subwavelength thicknesses.

In most of these examples it is found again, or simply assumed based on Meixner’s work [16],
that infinite current densities may arise in regions of the scattering surface where the local radius
of curvature is zero, but much less effort is made to obtain the exact behavior of these current
densities in the vicinity of the more or less coupled edges. The purpose of this work is to derive
explicit laws for the growth to infinity of the current density for the case of a subwavelength
perfectly conducting concaved wedge [17].

REFERENCES

1.
2.
3.

Sommerfeld, A., Math. Anal., No. 47, 317, 1896.

Macdonald, H. M., Electric Waves, 186—198, The University Press, Cambridge, England, 1902.
Radlow, J., “Diffraction by a quarter-plane,” Arch. Rational Mech. Anal., Vol. 8, No. 1, 139—
158, 1961.

. Satterwhite, R. and R. G. Kouyoumjian, Electromagnetic Diffraction by a Perfectly Conducting

Plane Angular Sector, Tech. Rep. 2183-2, ElectroSci. Lab., Ohio State University, Columbus,
1970.

. Satterwhite, R., “Diffraction by a quarter plane, the exact solution and some numerical re-

sults,” IEEFE Transactions on Antennas and Propagation, Vol. 22, No. 3, 500-503, May 1974.

. Meixner, J., “Die kantenbedienung in der theorie der beugung electromagnetischer wellen an

volkommen leitenden ebenen schirmen,” Ann. Phys., Vol. 6, 1-9, 1949.

Meixner, J., “The behavior of electromagnetic fields at edges,” IEEE Transactions on Antennas
and Propagation, Vol. 20, No. 4, 442-446, Jul. 1972.

. Hurd, R. A., “The edge condition in electromagnetics,” IEEE Transactions on Antennas and

Propagation, Vol. 24, No. 1, 70-73, Jan. 1976.

. Andersen, J. B., “Field behavior near a dielectric wedge,” IEEE Transactions on Antennas

and Propagation, Vol. 26, No. 4, 598-602, Jul. 1978.



58

Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013

10

11.

12.

13.

14.
15.

16.

17.

Van Bladel, J., “Field singularities at metal-dielectric wedges,” IEEE Transactions on Anten-
nas and Propagation, Vol. 33, No. 4, 450-455, Apr. 1985.

Heins, A. E. and J. F. Carlson, “The reflection of an electromagnetic plane wave by an infinite
set of plates, I,” Quart. Appl. Math., No. 4, 313-329, 1947.

Heins, A. E. and J. F. Carlson, “The reflection of an electromagnetic plane wave by an infinite
set of plates, I1,” Quart. Appl. Math., No. 5, 82-88, 1947.

Heins, A. E., “The radiation and transmission properties of a pair of semi infinite parallel
plates I,” Quart. Appl. Math., No. 6, 157-166, 1948.

Hanson, E. T., “Diffraction,” Phil. Trans. R. Soc. Lond. A, Vol. 229, 87-124, 1930.

Jones, D. S., “Diffraction by a thick semi infinite half plane,” Proc. Roy. Soc. Lond. A, Vol. 217,
153-175, Apr. 1953.

Mei, K. K. and J. G. Van Bladel, “Scattering by perfectly-conducting rectangular cylinders,”
IEEE Transactions on Antennas and Propagation, Vol. 11, No. 2, 185-192, Mar. 1963.

Yu, J-W. and N.-M. Myung, “TM scattering by a wedge with concaved edge,” IEEE Trans-
actions on Antennas and Propagation, Vol. 45, No. 8, 1315-1316, Aug. 1997.



Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013 59

Permittivity Determination of Multi-sectional Diaphragm with
Metamaterial Layers in Rectangular Waveguide

Yu. G. Smirnov!, Yu. V. Shestopalov?, and E. D. Derevyanchuk!

'Penza State University, Russia
?Karlstad University, Sweden

Abstract— Determination of electromagnetic parameters of dielectric bodies that have com-
plicated geometry or structure is an urgent problem as far as investigation of the properties
and creation of nanocomposite materials are concerned. As a rule, these parameters cannot be
directly measured which leads to the necessity of applying methods of mathematical modeling
and numerical solution of the corresponding forward and inverse electromagnetic problems [1-3].
In [4] we proposed a numerical-analytical approach and determined in the closed form the per-
mittivity of layered materials loaded in a waveguide. The aim of this work is the development of
the proposed technique to the analysis of electromagnetic properties and solution to the inverse
problem in the case of a multi-sectional diaphragm with metamaterial layers placed in a rectan-
gular waveguide. Based on the developed recursive method of the solution to the inverse problem
we perform a detailed analysis for a three-sectional diaphragm. We consider different fillings of
the diaphragm sections and present the results of numerical modeling.
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Multi Bands Reconfigurable Antenna for Mobile Phone Application

Dau-Chyrh Chang and Hsin-Chi Li
Institute of Information and Communication Engineering
Oriental Institute of Technology, New Taipei City, Taiwan

Abstract— The design of multi-band reconfigurable antenna with compact size and high ef-
ficiency is presented. Figure la shows the simulation model of the multi bands reconfigurable
antenna. The antenna is composed of one main loop radiator, one monopole radiator, and cou-
pling loop radiator. The size of the antenna is 50 x 75 x 0.8 mm which is printed on FR4-exopy
substrate with permittivity 4.4. There are four PIN diodes switch to control the antenna with
multiple frequency capability. Bu adjusting the PIN diode switches, the antenna frequency can
be switched for GSM850, GSM900, GSM 1800, GSM1900, UMTS2100, and IEEE 802.11a/b/g as
shown in Figure 1(b). The simulation result of return loss is larger than 6 dB and the overall
efficiency is about 60% ~ 80% for the desired bands. The operation theory, hardware implemen-
tation, and measurement results will be included at the full paper and oral presentation.
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Figure 1: (a) Configuration of the proposed antenna. (b) The S-parameter of the simulation result.
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Reconfigurable Antenna with Tri-polarization Capability

Dau-Chyrh Chang and Hsin-Chi Li
Institute of Information and Communication Engineering
Oriental Institute of Technology, New Taipei City, Taiwan

Abstract— The design of the polarization reconfigurable antenna for tri-polarization diversity
is presented. In order to satisfy the requirement of polarization diversity in the integrated com-
munication systems we propose the concept of switching the polarization state of antennas by
controlling high speed PIN diodes. In order to reduce the impact of antenna performance, the
lumped elements, capacitor and inductor are used to isolate the direct current source and RF
signal respectively. The antenna is illustrated in Figure 1(a). It is printed on a 50 x 50 x 0.8 mm?
FR4-epoxy substrate with relative permittivity 44. The CPW feeding line is used for the tri-
polarization antenna. The tri-polarization antenna is composed of three meander radiators 1, 2,
and 3 which will contribute the performance of vertical linear polarization (LP), left hand cir-
cular polarization (LHCP), and right hand circular polarization (RHCP). The distance between
meander radiator 1 and meander radiators 2, 3 is quarter wavelength. The meander radiators 2
and 3 are controlled by the PIN diode switches. The main contribution of meander radiator 1
is for LP. The contributions of meander radiators 1 and 2 (3) are for RHCP (LHCP). When the
two diodes near meander radiators 2 and 3 are off then most of the current will flow at radiator
1 which will cause LP radiation When one of the two diodes is off then will cause CP radiation.
Figure 1(b) is the simulation results of axial ratio by using the GEMS for LP, RHCP and LHCP.
Detail will be discussed in the full paper.
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Figure 1: (a) Configuration of the proposed antenna. (b) The axial ratio of tri-polarization.
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Extension of Matrix Pencil Methods to the Synthesis of Sparse

Linear Arrays with Multiple-patterns

Yanhui Liu', Qing Huo Liu?, Zaiping Nie?, and Kun Liao!

IDepartment of Electronic Science, Xiamen University, Fujian 361005, China
2Department of Electrical and Computer Engineering, Duke University, NC 27708, USA
3Department of Microwave Engineering, UEST of China, Sichuan 610054, China

Abstract— The reconfigurable array antennas capable of radiating dual or more patterns by
varying only element excitations can reduce the number of antennas, and thereby the weight and
the cost of whole hardware systems. The synthesis of such reconfigurable arrays has received
increasing attention in the past thirty years. For most of existing synthesis techniques, multiple
patterns are generated by controlling only excitation phases of a single array with prefixed or
optimized common amplitudes. Such synthesis can simplify the design of feeding network, but
in the meantime reduce the number of freedoms from the point of view of the pattern synthesis.
In addition, most synthesis techniques deal only with uniformly spaced linear arrays and require
a large number of elements to simultaneously meet all the requirements in the multiple-pattern
synthesis.

To reduce the number of elements, the synthesis of a completely nonuniform array with the
most control freedoms is usually required. For the multiple-pattern synthesis case, one needs
to find the solution of many unknowns including the common element positions and multiple
sets of complex excitations (amplitudes and phases) for the best approximation of all the desired
patterns. This is a highly nonlinear inverse problem. For the synthesis of nonuniformly spaced
arrays with single-patterns, many practical methods have been proposed. However, most of them
cannot be easily extended to the synthesis of a sparse array with multiple-pattern since the best
element positions usually change for different patterns.

Previously we presented a new synthesis technique based on the matrix pencil method (MPM)
for the synthesis of linear arrays with pencil-beam patterns. This method was then recently
extended to the synthesis of asymmetric or shaped patterns by using forward-backward matrix
pencil method (FBMPM). However, when applied to the synthesis of reconfigurable arrays with
multiple-patterns, the MPM and FBMPM-based synthesis methods also have the problem that
the best element positions for different patterns may be different. Now we shall show that this
problem can be solved by the extended MPM or FBMPM-based synthesis method which organizes
the multiple pattern data into composite Hankel or composite Hankel-Toeplitz matrix. With the
extended synthesis methods, the optimal solution of the common element positions can be found
for the multiple-pattern. In particular, the extended FBMPM maintains the same constraint
as the original FBMPM on the distribution of the common poles, which contributes to more
accurate and robust synthesis of multiple-patterns. Numerical results are presented to show the
effectiveness and advantages of the proposed synthesis methods.
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Analysis of Phase Range Distribution of Different Reflectarray
Elements on Polycrystalline Silicon Cell

A. Selamat!, N. Misran"2, M. T. Islam" 2, and M. F. Mansor'

!Department of Electrical, Electronic and System Engineering
Universiti Kebangsaan Malaysia, Bangi, Selangor 43600, Malaysia
2Institute of Space Science (ANGKASA), Universiti Kebangsaan Malaysia
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Abstract— The bandwidth behaviour of reflectarray elements are discussed in this paper to
overcome the intrinsic limitation of narrow bandwidth it offers. This is done by analyzing the
relationship between bandwidth and phasing distribution characteristics of the elements. Five
shapes of elements i.e. ring, rectangular loop, triangular loop, square loop and ellipse loop have
been investigated. Each element is designed on Kapton sheet positioned on top of a coverglass
layer that protects the silicon layer. Rogers RT /Duroid 5880 dielectric substrate (g, = 2.2 and
tand = 0.0009) is used to support the layers above. These elements are designed to operate
at Ku-band frequency range using CST microwave studio. The elements dimension are varied
thus modifies the surface current distribution that leads to variation of phase reflection from the
elements. The relationship of bandwidth performance with the obtained reflection loss of each
element is then investigated. It has been demonstrated from this work that triangular element
can offer the highest static linear phase range about 263°, whereas the square element gives the
lowest static linear phase range of 153°. The surface area of resonating element has significantly
control the current distribution hence leads the triangular element with the lowest surface area
to has steep phase variation. While square element with greater surface area is shown to exhibit
smoother phase variation with broader bandwidth performance. Moreover, the CST simulation
results also shown that triangular element can operate at two resonant frequencies within Ku-
band at 12.22 GHz and 14.09 GHz which can be further exploited for satellite and communication
applications.
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Abstract— The popularity of RFID in recent years has boomed a variety of potential applica-
tions in the commercial uses. Its successful applications rely strongly on the applicable scenario
to implement the system, where the radiation from the antenna plays a key factor of successful
operation. Good radiation characteristics may help to reduce the interferences from surrounding
structures. A scenario of antenna design is thus developed, which makes the antenna to radiate
fields with optimum field distributions in the near-zone of antenna. In particular, the design is
based on the optimization of excitation weighting for phased array antennas. The antenna array
is realized microstrip patch elements, which have advantages of easy implementation. This array
will radiate electromagnetic fields that are relatively uniform in the near-zone of array aperture for
RFID applications. To simplify the implementation cost, the array feeding network is simplified
by using equal power dividers in one dimension. In another dimension, an open-end transmis-
sion line is used to create standing wave, which in conjunction with feeding microstrips allows
one to control the phases and amplitudes of a row array. A prototype has been implemented
to demonstrate the validity of this near-field focused array. This design allows one to define a
target zone that can be used as detection area of RFID tags as interested in the department store
management system. Antenna design, as well as the design procedure, is presented. Numeri-
cal simulations and experimental measurement are conducted and also presented to validate the
concept.
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Circularly Polarized Waveguide Slot Array

Ming Hui Chen
Victory Microwave Corporation, Xizhi District, New Taipei City, Taiwan

Abstract— It is well known that transmitting and receiving electromagnetic waves between
base stations and end users with circularly polarized signals can reduce the multipath interference.
This is because the reflection from the ground changes the polarization to the opposite sense. The
interference signal interacts with the directly reflected signal and is thereby reduced. However,
we have not found this scheme to be put into practice, possibly due to a lack of a circularly
polarized base station antenna.

We have developed a circularly polarized slot array, which could be used for base station appli-
cation. The radiating slots of the antenna are cut on the broad wall of a rectangular waveguide.
The transverse and longitudinal slots fed by the magnetic fields inside the waveguide forms a
pair of slots acting as a circularly polarized radiating element. This is shown in Fig. 1. The
natural behavior of a 90 degree phase difference of transverse and longitudinal magnetic fields
inside a rectangular waveguide is utilized for feeding the slots to meet the phase requirement for
circularly polarized radiation.

A 4 x 4 slot array at 1.5 GHz was fabricated (shown in Fig. 2) to validate the theory. Slot pairs
are spaced one guide wavelength apart along the waveguide to achieve in-phase radiation across
all slot pairs. The neighboring waveguides are designed to have a 1/4 guide wavelength shift.
This shift is compensated by a section of cable in the feed network so that all elements of the slot
array radiate in phase. This arrangement will eliminate the grating lobe of the slot array. The
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Figure 1: Circular polarized radiating element. Figure 2: Photo of base station antenna.
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Figure 3: Measurement of return loss of prototype.
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Figure 4: (a) Elevation pattern of prototype slot array. (b) Azimuth pattern of prototype slot array.

Beam Pointing

Figure 5: Flat plane slot array for mobile VSAT application.

measured return loss and radiation patterns are given in Fig. 3 and Fig. 4, and are satisfactory.
This 4 x 4 slot array could be used as a sub array for a large slot array with more elements.

In addition, by adjusting the spacing of the slot elements, this slot array can make radiate at a
designated angle instead of broadside. It can be considered as a leaky wave antenna and used
for mobile VSAT. A conceptual design of a flat plate mobile VSAT antenna is shown in Fig. 5.
The pointing angle toward the satellites at the synchronized orbit from a large local area on the
earth is fixed and can be covered by the elevation beam (the forward beam). This type antenna
needs to search only a single dimension (rotational) to find a satellite while on a vehicle.
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Beam Steering of a Large Phased-array Antenna with Constant
Major-lobe Width and Constrained Side-lobes

Song-Han Yang and Jean-Fu Kiang
Graduate Institute of Communication Engineering
National Taiwan University, Taipei, Taiwan

Abstract— Large phased-array antennas have been used for radar applications, for example,
to track objects with beam-steering maneuvers. The major-lobe width grows bigger when it is
steered away from the broadside direction, and the major-lobe size reduction is usually accom-
panied by side-lobe increase.

Several methods have been proposed to reduce sidelobe level of antenna arrays. A continuous
genetic algorithm (GA) has been used to reduce sidelobe level of linear and circular arrays by
adjusting complex excitations of all elements; the maximum sidelobe in the broadside can be
reduced to —36 dB when applied to a 30-element linear array.

Comprehensive learning particle swarm optimization (CLPSO), GA, inertia weight PSO (IW-
PSO), constriction factor PSO (CFPSO) algorithms have been proposed to optimize the spac-
ings between elements of a linear array to minimize sidelobe level and control null locations;
the maximum sidelobe level can be reduced by 19dB, with no null control, when applied to a
10-element unequally-spaced linear array. A position mutated hierarchical PSO (PM-HPSO) has
been presented to reduce sidelobe level of unequally spaced antenna arrays When applied to a
108 planar thinned array, the sidelobe reduction reaches about 20 dB.

In this work, a large phased-array antenna is studied for its beam-steering capability. A tapering
technique is proposed to maintain a constant beamwidth of the major-lobe when it is steered to
different directions, and a CLPSO algorithm is applied to adjust phases of all elements so that
the side-lobe can be restrained to an acceptable level.
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Quantum Measurement and Metamaterials

M. J. Everitt!, J. H. Samson', S. E. Savelev!, T. P. Spiller?,
R. Wilson!, and A. M. Zagoskin'

'Loughborough University, UK
2University of Leeds, Boston, USA

Abstract— In this paper, we consider a two-dimensional metamaterial comprising an array of
qubits (two level quantum objects). Here we show that a two-dimensional quantum metamaterial
may be controlled, e.g., via the application of a magnetic flux, so as to provide controllable
refraction of an input signal. We investigate the role of measurement on the operation of the
metamaterial. We note that the application of an external control parameter can be used to
change the behaviour of the material. We note that quantum metamaterials as proposed here
may be fabricated from a variety of current candidate technologies from superconducting qubits
to quantum dots. Thus the ideas proposed in this work would be readily testable in existing state
of the art laboratories.
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Microwave Structures with Quantum Topological Effects Based on

Magnetic-dipolar-mode Ferrite Particles

M. Berezin, E. O. Kamenetskii, and R. Shavit
Microwave Magnetic Laboratory
Department of Electrical and Computer Engineering
Ben Gurion University of the Negev, Beer Sheva, Israel

Abstract— Microwave ferrite structures with a reduced dimensionality brings into play new
effects, which should be described based on the quantized picture and demonstrate the properties
of artificial atomic structures. These effects can find unique applications in a view of a present
strong interest in artificial structures that can control electromagnetic radiation by applying the
rules of quantum mechanics [1,2]. Magnetic-dipolar-mode (MDM) oscillations in a mesoscopic
ferrite-disk particle are quantized oscillations, which are characterized by energy eigenstates,
power-flow vortices and non-zero helicity [3-8]. For electromagnetic waves irradiating a quasi-2D
MDM disk, this small ferrite sample appears as a singular subwavelength region with time and
space symmetry breakings. With the observed helicity properties of the fields in a vacuum region
abutting to a quasi-2D ferrite disk with the MDM oscillations, one becomes faced with funda-
mental aspects akin to the problems of axion electrodynamics. The near field originated from
a MDM disk has local coupling between the time-varying electric and magnetic fields different
from the electric-magnetic coupling in a free-space electromagnetic field. To distinguish such
a field from a regular electromagnetic field, it was termed a magnetoelectric (ME) field [9]. A
structure and conservation laws of a microwave ME field and its interaction with matter have
been studied, for the first time, in Ref. [10]. In a recent paper [11], we analyzed twisted states of
long-distant microwave fields scattered by MDM ferrite disks. We showed that in the long-distant
fields scattered by MDM particles, one can clearly distinguish structures of rotating topological-
phase dislocations. Specific long-distance topological properties of the fields are exhibited clearly
in the effects of path-dependent interference with coupled MDM particles. Such double-twisted
scattering is characterized by topologically originated split-resonance states. In the present pa-
per, we study quantized topological-phase effects based on MDM ferrite particles in a view of
novel applications for near- and far-field microwave structures.
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Abstract— Superconductors have the remarkable property of showing quantum coherence of
the superconducting phase on macroscopic length scales. In Josephson junctions (JJ’s) the phase
over the junction and the charge on the capacitor formed by the two electrodes are conjugate
variables linked by the Heisenberg uncertainty relation. In a large JJ the phase undergoes very
small quantum fluctuations whereas the charge fluctuates strongly. This phase precision of JJ’s
makes them an ideal system for metrology as voltage standards. Phase-slip junctions present dual
dynamics to the one of Josephson junctions. Here the charge is fixed precisely while the phase is
subject to strong fluctuations. The understanding of quantum phase-slips dynamics in Josephson
junction circuits [1] will enable in the future the design of unique quantum meta-materials that
may find applications in quantum metrology as their Josephson counterpart does currently for
the voltage standard. In particular we pursue the realization of a quantum electrical current
standard on a long term [2].

Small capacitance JJ’s can act as phase slip junction provided they are decoupled from charge
fluctuations in the environment by a large impedance. So far experiments have used large on-chip
resistors to suppress fluctuations of the charge. These resistors however introduce dissipation in
the system which makes these systems at present not suitable for metrology.

In our experiments we suppress the charge fluctuation by a large inductance in series with a
squid which acts as a tunable quantum phase-slip element. As inductances of several pH are
required we use a Josephson crystal, i.e., a one dimensional chain of JJ’s. Like atomic crystals
these Josephson meta-materials show internal electromagnetic, phonon-like modes. These modes
represent the electromagnetic environment of the phase slip junction and can lead to decoherence.
It is therefore essential to carefully design the mode structure of the Josephson crystal.

We present measurements of phase slip junctions showing the influence of the internal modes
of Josephson crystals as well as direct measurements of these modes. We discuss solutions to
engineer the band structure of the Josephson crystals.

REFERENCES
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Superconducting Qubits for Quantum Optics and Quantum
Metamaterials

Oleg Astafiev
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Abstract— Superconducting circuits of nanometer-to-micron scale behave as quantum systems
similarly to natural atoms and are using currently as quantum bits in experiments on quantum
computing. Such systems are fully controllable, tunablile, strongly coupled to the environment
and their properties can be designed in advance. The artificial atoms can be used for building
devices of quantum electronics and artificial matters, particularly, quantum metamaterials. With
the strong coupling, we study behavior of the single atoms in open 1D-space and demonstrate
a series of fundamental phenomena from quantum optics: resonance fluorescence, electromag-
netically induced transparency, quantum amplification. Controllable manipulation of the atom
in open space demonstrates possibility to apply such a system for optical quantum computation
with photons.
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Quantum Metamaterials for Optical Elements and Detectors: New
Possibilities

A. M. Zagoskin
Department of Physics, Loughborough University, Loughborough LE11 3TU, UK

Abstract— I review recent proposals concerning applications of quantum metamaterials to-
wards imaging and detecting and evaluate the feasibility of their implementation.
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Abstract— The picture about vacuum that emerges from modern quantum field theory is
very different from that offered by classical physics. In classical field theory, the vacuum is the
zero-energy state of the field, defined by the absence of any excitation. In quantum field theory,
the vacuum state has a finite zero-point energy associated with it, and the uncertainty principle
indicates that fluctuations exist even in this state. Due to existence of fluctuations, under certain
perturbations the quantum vacuum can become unstable, and the energy of the perturbation is
converted into creation of real particles. For example, in the Schwinger effect a static intense
electric field can create pairs of electrons and positrons. In very strong gravitational fields,
at the event horizon of black holes, the vacuum becomes unstable and energy is radiated away
(Hawking effect). By the equivalence principle, an accelerated observer in the Minkowski vacuum
will detect a finite-temperature field (Unruh effect). Finally, the energy and the fluctuations of
the electromagnetic vacuum confined in a cavity have real, measurable effects: they produce
an attractive force between the walls of the cavity (static Casimir effect), and, if the boundary
conditions or the index of refraction are changed, photons are created apparently out of nothing
(dynamic Casimir effect). In this presentation, we report the observation of the dynamical
Casimir effect using a flux-biased Josephson metamaterial embedded in a microwave cavity at
5.4 GHz [1]. A non-adiabatic change in the index of refraction of the cavity (or in the electrical
length) is realized by modulating the flux at values close to double the resonant frequency of
the cavity. We measure the frequency-correlated photons thus generated from the cavity at
T = 50mK, and we obtain a power spectrum displaying a bimodal, sparrow-tail distribution.
The experimental results are in excellent agreement with the theoretical predictions.

The experiment demonstrates the potential of superconducting quantum circuits to serve as a
platform for simulating effects from cosmology and quantum field theory. I will also briefly
describe a few directions in which this type of experiments could be further developed.
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Abstract— Control of spontaneous emission is crucial for a broad range of applications such
as single-photon sources, efficient lasers, displays, solar energy harvesting, and biological mark-
ers. The quantum dot (QD) emission can be efficiently controlled through coupling to photonic
structures, such as microcavities, photonic crystals, and plasmonic particles. Nanostructured
plasmonic materials can be superior for emission enhancement due to their high local-field en-
hancement and good coupling to free space. A special class of such materials are metamaterials
that allow for simultaneous control over the electric and the magnetic interaction of light with the
emitters. While control of spontaneous emission of light in metamaterial has be the subject of
intense recent interest, only a single channel of this interaction has been explored. Importantly,
the control of QD emission via simultaneous coupling to the magnetic and the electric modes of
the metamaterials remains unexplored.

Here, report on the coupling of QD emission to simultaneously to both electric and magnetic
resonances of magnetic metamaterials. We compare the emission enhancement for the zero-order
electric and the first-order magnetic resonances (matched spectrally to the QD emission, with
the same strength but orthogonal polarisations) and observe three-fold enhancement of the QD
emission into the magnetic mode in comparison to the electric one.

The system investigated in our work is a planar magnetic metamaterial composed of split-ring res-
onators (SRRs) covered by a 200 nm-thick layer of polyvinyl alcohol (PVA) containing core-shell
QDs emitting at 790 nm. In order to investigate how the QD PL is influenced by coupling to the
different modes of the magnetic metamaterial we have performed QD micro-photoluminescence
(PL) spectroscopy and micro-PL spatial mapping on the SRR metamaterial. In our experiments,
we observe broadening of the QD PL spectrum for the electric resonance, while for the magnetic
resonance a narrowing of the QD PL emission spectrum is observed. In addition, while the PL
intensity does not change when coupling to the electric resonance, a three-fold enhancement can
be observed in the magnetic resonance. Furthermore, we have measured lifetime of QD PL for
both metamaterial resonances and have found that the decrease in lifetime (in comparison to the
unstructured reference areas) is more pronounced in the case of the magnetic resonance. Thus,
remarkably, the magnetic mode, which exhibits weaker coupling to the far-field (deducted from
transmittance measurements) and can be considered as a darker mode, becomes the brighter
mode in QD emission due to its higher Purcell enhancement.

Our experimental results are in good qualitative agreement with theoretical expectations, paving
the way towards an ultimate control of emission by magnetic metamaterials.



Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013 79

Low Threshold Confined Tamm Plasmon Laser
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2Laboratoire de Photonique et de Nanostructures
CNRS, Route de Nozay, Marcoussis F-91460, France

Abstract— The hybrid metal dielectric structures are very promising for the fabrication of
compact efficient optical sources. Tamm plasmons which appear at the boundary between a
photonic structure and a metallic layer, present both the advantages of surface plasmons and of
microcavities photonic modes: the losses associated to these modes are relatively low and they
can be spatially confined by structuring the metallic part of the system, thus reducing the size
of the mode and allowing various geometries. Recently, laser effect has been demonstrated in
non-confined Tamm structures [1]. It has also been demonstrated that high beta factor could be
achieved for confined Tamm modes [2]. We will show that laser effect can be obtained in confined
Tamm structures with a lateral dimension of the order of the micron, the confinement resulting
in a reduced laser threshold.

For this purpose the lasing threshold will be studied as a function of the lateral dimension of the
structure. The lateral confinement induces discret emission wavelengths.

Reducing the structure size increases the beta factor but at the same time decreases the quality
factor of the structure. This reduction of the quality factor is due to the diffusion of the mode by
the sides of the structured metal. These two opposites trends lead to an optimal size for the lasing
threshold, obtained for a 4 um diameter. We will also show that the angular emission distribution
can be tailored by modifying the confined Tamm mode which emits. The experiments presented
are performed under optical pumping but the Tamm structures are compatible with an electrical
excitation, making these structures promising for new compact laser sources.
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Figure 1: Emission as a function of the wavelength and the numerical aperture for (a) excitation power of
40mW and (b) total emission.
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A Quantum Effect in the Classical Limit: Nonequilibrium Tunneling
in the Quantum Duffing Oscillator

Alec Maassen Van Den Brink
Research Center for Applied Sciences, Academia Sinica, Taipei, Taiwan

Abstract— The Duffing model is an oscillator with weak near-resonant driving, damping, and
nonlinearity, which has often been studied in classical mechanics. For certain parameters, the
stationary amplitude and phase of this system bifurcate depending on initial conditions, and vary
widely from one stable branch to the other. Due to this sensitivity, the system can be used for
constructing detection devices.

In recent years, an implementation using superconducting devices — the so-called Josephson
bifurcation amplifier (JBA) — has been successfully used experimentally for superconducting
qubit readout. In the experimental literature, the JBA is often taken as classical. However, for
e.g., understanding how the stability of the stationary states is modified by tunneling, a proper
quantum analysis is necessary. Such tunneling transitions would be an error process from the
point of view of detector applications.

One thus has to study dissipative tunneling not between two potential wells, but between the
limit cycles of a nonlinear dynamical system. Our numerical data, supported by semi-analytical
asymptotic work, point at some intriguing aspects particular to the nonequilibrium setting, in-
cluding noncommuting classical and low-temperature limits.
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Surface Plasmon Interaction with a Gain Medium

A. Castanié, B. Guizal, and D. Felbacq
University of Montpellier 2, France

Abstract— In previous studies, we showed how to decrease the losses inherent to a surface
plasmon mode by strongly coupling it to a guided mode. The resulting hybrid mode has a double
propagation length. To go further, it is necessary to introduce some gain in the system. Thus,
we began with the most naive approach consisting of using media with negative imaginary part
of the dielectric constant. This concept has been found to be far from reality, although it gives
some limited physical insight. In this work, we develop a more realistic approach, based on
Maxwell-Bloch equations that take into account the interaction between light and matter at the
quantum level. We used the finite-difference time-domain (FDTD) method, a full wave vector
numerical technique that is efficient for directly solving the Maxwell-Bloch system in the time
domain. The scheme for this semi-classical model is exposed. Then, several numerical simulations
are performed and an analysis of the strong coupling in the structure under study is presented
when the gain medium is added.

REFERENCES
1. Bidégaray, B., “Time discretizations for Maxwell-Bloch equations,” Numer. Methods Partial
Differential Equations, Vol. 19, No. 3, 284-300, 2003.
2. Ziolkowski, R. W., J. M. Arnold, and D. M. Gogny, “Ultrafast pulse interactions with two-level
atoms,” Phys. Rev. A, Vol. 52, No. 4, 3082-3094, 1995.
3. Taflove, A. and S. Hagness, Computational Electrodynamics: The Finite-difference Time-
domain Method, Artech House Inc., Boston, MA, 2000.



82

Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013




Session 1P2a

Extended /Unconventional Electromagnetic Theory,

EHD (Electro-hydrodynamics) /EMHD (Electro-
magneto-hydrodynamics), and Electro-biology

2

Filtration Properties of a System for the Measurement of Air Tons

Zoltan Szabd, Zdenék Roubal, Karel Bartudek, ............o oo

Hierarchy of Discontinuous Solutions in Plasma Model of Two-fluids

Oleg V. Kravchenko, ..... ... ...

A Comparison of the Dynamic Range of FDNR Building Blocks

Zoltan Szabd, Jiri Sedldcek, Martin Friedl, ..... ... .. .. oo

Analysis of Leap-frog Filter in the Programme NAF

Lubomir Frohlich, Jiri Sedldcek, Martin Friedl, Martin Cap, ..........cuueeeeeeeeeiiiiinnnn..

Application of the Level Set Method in MR-EIT Inverse Problems

Tomas Kriz, Jarmila DEAKOUG, ........ ...

Influence of Initial Conditions on Conductivity Calculation via the MR-EIT Inverse Problem

Tomas Kriz, Jarmila DEAKOUG, .. ... ... ... e

83



84 Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013

Filtration Properties of a System for the Measurement of Air Ions

Z. Szabd, Z. Roubal, and K. Bartusek
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 2906/4, Brno 612 00, Czech Republic

Abstract— The measurement of air ion properties and concentration is a topical problem
investigated by a large number of research institutes. Detailed medical analyses have proved that
negative light ions exhibit a positive effect on human health; conversely, a deficiency of these ions
is known to cause fatigue, health problems, and poor work performance.

A significant precondition for the evaluation of these effects consists in determining the concen-
tration, polarity, and mobility spectrum of air ions in the given area.

The measurement of air ion concentration can be realized via a wide variety of methods, including
the technique based on the application of an aspiration condenser (AC). This research study
presents a methodology for the measurement of air ion concentration using an AC and comprises
the formulation of systematic and random errors.
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Hierarchy of Discontinuous Solutions in Plasma Model of Two-fluids

Oleg Kravchenko
Bauman Moscow State Technical University, Moscow, Russia

Abstract— In present work, we continue our earlier investigation and introduce a hierarchy of
discontinuous solutions in plasma model of two-fluids both 1D and 2D cases. Such kind discon-
tinuous solutions are related to the problem of generating a quasi-periodic structure of electron
clusters [1] and so-called dusty plasma void [2]. Here we consider a system of nonlinear partial
differential equations (PDE) in 2D also which is transformed into the one partial differential
equation like 2D Burgers equation. Such kind of equation doesn’t have an explicit solution that
is why it is investigated numerically with help of wavelet Haar method (WHM).

Introduction: We consider the problems of charged jet flow in general form the mathematical
point of view. But, the fluid equations are difficult to resolute because of their nonlinearity and
mathematical complexity as a result. One of the approaches consists to study the influence of an
electric field on a velocity field. Such approach allows to reduce a system of nonlinear PDEs into
the one nonlinear Burgers type equation with constant source. Wavelet methods are successfully
applied to the numerical investigation Burgers type equation.
Hierarchy of Models Related to Discontinuous Solutions: According to [3], we start from
the first simple model

enk + Vp =0,

%n + %(nﬁe) =0, (1)

eoVE = —4m(ne —ny).

Here @, = #.(t, ), E = E(x,t) and n. = n.(z,t) are unknown functions (characteristics of elec-
tron fluid). In the dimensionless variables the following nonlinear equation for the dimensionless
electric field can be transformed into the one partial differential of Burgers type equation:

oy 0% oy
— T e— 2
or o€z Vog @)

where y(§ — 1) = Cy tan(§ — 1) 4+ Cy is a discontinuous wave solution of Eq. (2). Then we add
mnv (V. — ;) term and consider the following two-fluid model:
enE + Vp + mnv(v, — v;) = 0,
2n+ 2 (nii,) = 0, 3)
eoVE = —4n(n. — ny).

In [1], was shown that system (3) have the following discontinuous wave solution:

(6 _ 7_) _ ClAi/(& - ’77—) + C2Bi/(§ - 77-)
YIS T = T00Ri(E — 1) + CoBi(E — 1)

Afterwards, we consider more complex model with mn(d—f) = mn(% + 17%) term
Tgm (%a+ 7ar) = enkE + Vp + mnv(7, — ),
5" 1, 5z (n0e) =0, (5)
eoVE = —4m(ne —ny),

with respect to the discontinuous solution. In general, system (5) does not resolute analytically,
so we employ a Wavelet Haar Method [4] as a numerical tool of investigation of the partial
differential equations.
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A Comparison of the Dynamic Range of FDNR Building Blocks

Z. Szabd, J. Sedlacek, and M. Friedl
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 2906/4, Brno 612 00, Czech Republic

Abstract— A multitude of various active selective blocks are utilized for the design of active
filters based on RLC prototypes. The design of low-pass filters is often realized by means of
the Bruton transformation, in which the RLC prototype structure is transformed into an RCD
structure. The basic building blocks applied within the latter structure are denoted as dual
capacitors (FDNR). These active blocks, realized in various circuit configurations with different
numbers of active circuit elements (operational amplifiers, OA), have recently been described by
several authors [1, 2].

At present, it is possible to fabricate ARC filters for the frequency range within units of MHz, us-
ing simple and economical selective FDNR, building blocks that work successfully with one active
element (OA). The fabrication is enabled by modern active elements (such as voltage operational
amplifiers working in the GBW of approximately 1 GHz or CFA amplifiers applicable up to higher
frequencies) and by the synthesis method based on purposefully lossy RLC prototypes [3,4].

This research report presents a comparison of the dynamic ranges of the most widely utilized
lossy FDNR building blocks (types I and V), and the authors intend to employ the proposed
comparative outline to help improve the practical exploitation of these capacitors in the process
of optimizing active frequency filters.
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Analysis of Leap-frog Filter in the Programme NAF

L. Frohlich, J. Sedlaéek, M. Friedl, and M. Cap
FEEC BUT, UTEE, Kolejnf 2906/4, Brno 612 00, Czech Republic

Abstract— The method of design of ARC filters with the help of non-cascade realization
Leap-Frog, which combines qualities of block realizations and realizations concerning ladder RLC
filters, is considerably difficult. The programme for the complete synthesis of these ARC filters
was created. This article describes the complete description of the programme NAF. It includes
the correct depiction of the set values of RLC filters concerned with required user’s parameters.
The user’s parameters can be for instance filters LP, HP, BP, BR, the type of approximation
with or without zero transfers and the kind of filter configuration T or PI. From the following
depiction of RLC filters the programme already realizes ARC depiction of Leap-Frog filter, even
with certain values of individual elements.

However, the most important part for the design of this programme is the depiction of modular
characteristics for already defined outputs of certain filters, with the regard to the following
setting of dynamic ratios inside the filter including particular real OAs. With the help of depiction
of module characteristics in individual filter outputs, it is not problematic to change norms of
particular elements’ values so that the individual transfers from the input to the output of the
filter would be the same for their maximums.

The programme should serve mainly to bigger use of these circuits in practice, when a user can
compare several ARC filter designs designed in different ways and he can judge which of the
stated applications would be the most suitable.
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Application of the Level Set Method in MR-EIT Inverse Problems

T. K#iz and J. Dédkova
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 4, Brno 612 00, Czech Republic

Abstract— The authors describe the possibilities of utilizing the Level set method for con-
ductivity reconstruction based on techniques used in electrical impedance tomography. Standard
electrical tomography exploits voltages measured on the surface of the used samples, to which a
current source is connected. Even though an EIT-based method is applied within this study, the
authors utilize the values of components of the magnetic flux density measured in the vicinity
of samples, to which a direct current source is connected. Conductivity reconstruction is an
inverse, non-linear, and very illposed problem. Conductivity reconstructions realized by means
of EIT-based deterministic methods are defined as the minimization of the suitably chosen ob-
jective function ¥(co) related to o. The objective function is most often minimized using the
method of the least squares, which converges very quickly. Stability of the minimization process
is ensured by means of regularization techniques such as the Tikhonov regularization method or
a total variation method. The application of regularization methods consists in the introduction
of a regularization term, which is added to the objective function. The objective function for the
Tikhonov regularization method is expressed in the following formula:

V(o) = %ZIIJM*JFEM(0)||2+GIIR0H27 (1)

where Jyr is the vector of current density obtained from the magnetic flux density components,
Jrem is the vector of current density obtained via forward solution using the Finite element
method, o is the vector of conductivity on individual elements, and R is the regularization
matrix connecting adjacent elements of different conductivities.

Moreover, the authors of the study analyze the possibilities of implementing the Level set method
in the conductivity reconstruction process. The algorithm for computing the reconstruction can
be divided into three parts (stages). At the first stage, a regularization method is applied for
effecting an approximate distribution of conductivity to facilitate the detection of inhomogeneous
regions. Within the second phase, the Level set method is exploited to allow the localization of
these regions and their close vicinity, and then, at the third stage, another application of a
regularization method is executed (now only for the selected region and in order to locate the
resulting conductivity). The study presents the results of conductivity reconstruction for different
distributions of inhomogeneities, and the described reconstruction technique is used for the testing
of the accuracy and time duration of the solution.
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Influence of Initial Conditions on Conductivity Calculation via the
MR-EIT Inverse Problem

T. Ki#iz and J. Dédkova
Department of Theoretical and Experimental Electrical Engineering
Brno University of Technology, Kolejni 4, Brno 612 00, Czech Republic

Abstract— The article describes the testing of an algorithm for conductivity reconstruction
based on regularization techniques. For the calculation of conductivity in tested samples, the al-
gorithm exploits the measured values of magnetic flux density B in the vicinity of these samples.
Generally, problems based on electrical impedance tomography are non-linear and ill-posed. The
reconstruction process is described as the minimization of the suitably chosen objective function
U (o) with respect to o. The minimization of the objective function is very often realized using the
method of least squares. Within standard methods based on electrical impedance tomography,
regularization methods are exploited to ensure stability for the iteration process of the reconstruc-
tion. If a regularization method is used, the objective function has to be complemented with a
regularization term to secure stability of the solution. Application of the Tikhonov regularization
method provides the following form of the objective function:

¥(0)= 3 3 9~ Tepn(@)]* +aRo, 1)

where Jy; is the vector of current density obtained from the magnetic flux density components,
JreMm is the vector of current density obtained via forward solution using the Finite element
method, o is the vector of conductivity on individual elements, and R is the regularization
matrix connecting adjacent elements of different conductivities.

In the algorithm for the conductivity image reconstruction, we tested the values of initial condi-
tions that exert significant influence on both the stability of the solution and the accuracy of the
resulting conductivity image. The influence of the initial value of regularization parameter o was
subject to testing; the initial value was changed within several orders. Moreover, we tested the
magnitude of the change of regularization parameter A« during the iteration process. The testing
of the conductivity initial value was realized in such a manner that the initial value was selected
within several intervals and as a random value on each element. In all the parameters tested,
we evaluated the relative error, solution time, and stability of the reconstruction process. The
conductivity reconstruction result, the accuracy, the time consumption, and the reconstruction
time are presented in the article.
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Analytical Model of Resonant Dryer Textile

Jan Vrba and Marika Pourova
Department of Electromagnetic Field, FEL, CTU, Czech Republic

Abstract— In cooperation with Research Institute of Textile Machines Liberec we developed
applicator for microwave drying of textile in manufacturing, which is working on the open res-
onator principle at working frequency 2.45 GHz. In this contribution, we would like to describe
our new analytic model of microwave applicator for drying textile. The purpose of the present
work is to investigate influence of distribution of the electric field strength on the dielectric prop-
erties of textile materials. We have numerical simulation and the analyses of the electric field
strength in the plate of textile.

Our new model is created by several cells. Every cell has own magnetron which is source of
electromagnetic energy. Magnetron is situated in the waveguide which is ended with funnel. All
the cells are placed on one reflective plate.

Vim

500
184

Figure 1: Distribution of electric field strength in applicator.

Conclusions: New results in optimization of microwave textile dryer based on analytical model
are described in this paper. These results will enable us to increase efficiency of microwave drying
machine.
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Application of EM Field in Medicine

J. Vrba
Department of EM Field, Faculty of Electrical Engineering, Czech Technical University
Technicka 2, Prague 16627, Czech Republic

Abstract— We would like to describe our new technical results dealing with microwave ther-
motherapy in the cancer treatment. Our research interest is to develop applicators for deep local
heating and for intracavitary cancer treatment as well. Basic evaluation of clinical results is
presented.

Deep Local and Regional Applicators: Microwave thermotherapy (hyperthermia) is being
used for cancer treatment since early 80’s in many countries around the world. Since 1981,
we were interested in the local external applicators working at 434 MHz and 2450 MHz. These
applicators were used here in Prague for the treatment of more then 500 patients with superficial
or subcutaneous tumours (up to the depth of approximately 4 cm). Now, following new trends
in this field, we continue our research in two important directions:

- deep local and regional applicators,
- intracavitary applicators.

For the deep local thermotherapy treatment we develop above all waveguide type applicators
based on the principle of evanescent mode waveguide, which is our specific solution and original
contribution to the theory of microwave hyperthermia applicators. This technology enable us:

- to design applicators with as small aperture as necessary also for the optimum frequency
range for deep local and/or for regional thermotherapy treatment (the frequency band be-
tween 27 and 70 MHz).

- using our technology we need not to fill the applicator by dielectric (necessary for deep
penetration into the biological tissue, i.e., up to 10 centimetres under the body surface).

- two to four of such applicators can be also used for regional treatment.

Waveguide type applicators are often used in the local external hyperthermia treatment of cancer
and other modifications of microwave thermotherapy as they offer very advantageous properties,
above all:

- depth of penetration of the EM energy approaching the ideal case of plane wave,
- low irradiation of the energy in the vicinity of the hyperthermia apparatus,
- very good impedance matching, i.e. perfect energy transfer to the biological tissue.

We have studied waveguide applicators heating pattern for the aperture excitation at above
and at under the cut-off frequency. It has helped us to get analytical approximations of the
electromagnetic field distribution in the treated area of the biological tissue. The most important
results for the effective heating depth d can be characterised as follows:

- at high frequencies (above approx. 1000 MHz) the depth of effective heating d is above all
a function of frequency f (skin effect),

- bellow approx. 100MHz d is the dominantly function of the diameter D of applicator
aperture (d = 0.386D).

Clinical Results: In the case of cancer treatment the long term statistics of clinical results can
be described as follows:

Complete Response of Tumor ... 53%
Partial Response of the Tumor ...31%
No Significant Response ...16%

which corresponds to results obtained also by other groups in Europe.
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EM Field and Biological Systems Interactions

J. Vrba
Department of EM Field, Czech Technical University in Prague, Prague, Czech Republic

Abstract— Research of interactions between EM Field and biological systems is of growing
interests elsewhere. Also here in Czech Republic there are several groups working in this field,
often in international co-operations. We will describe here mainly basic technical equipment
developed for 5 different research projects in the discussed area of interactions of EM field and
biological systems.
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Electromagnetic Applicators for Deep Local Treatment

Jan Vrba, Jr. and David Vrba
Department of Biomedical Devices, Faculty of Biomedical Engineering
Czech Technical University in Prague, Kladno, Czech Republic

Abstract— Paper deals with our new results in the field of external local applicators used for
microwave thermotherapy, like, e.g., cancer treatment, physiotherap, etc..

Introduction: In our contribution we describe external local applicators working at 70, 434
and 2450 MHz see Refs. [1-6]. These applicators were used here in Prague for the treatment
of more then 500 cancer patients with superficial or subcutaneous tumors (up to the depth of
approximately 8 cm).

Local External Applicators: Waveguide type applicators and various types of horns are often
used in the local external hyperthermia treatment of cancer and other modifications of microwave
thermotherapy as they offer very advantageous properties, above all:

- depth of penetration of the EM energy approaching the ideal case of plane wave,
- low irradiation of the energy in the vicinity of the hyperthermia apparatus,
- very good impedance matching, i.e., perfect energy transfer to the biological tissue.

We have studied waveguide applicators heating pattern for the aperture excitation at above
and at under the cut-off frequency. It has helped us to get analytical approximations of the
electromagnetic field distribution in the treated area of the biological tissue. In the Fig. 1, there
is one of very important result — diagram showing the theoretical depth of heating d as a function
of the used frequency f and of the aperture diameter D of the applicator. The most important
results for the effective heating depth d can be characterised as follows:

- at high frequencies (above approx. 1000 MHz) the depth of effective heating d is above all
a function of frequency f (skin effect),

- bellow approx. 100MHz d is the dominantly function of the diameter D of applicator
aperture (d = 0.386D).
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Figure 1: Effective depth of heating d for external applicator with respect to frequency f [MHz] and diameter
of aperture D [mm].

Conclusions: Microwave thermotherapy is successfully applied in clinics in the Czech Republic.
Technical support is at present from the Czech Technical University in Prague. Our goal for the
next technical development is:

e improve the theory of the local and intracavitary applicator design and optimisation,

e innovate the system for the applicator evaluation (mathematical modelling and measure-
ments),

e develop system for regional treatment.
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EM Applicators: Apperture and Water Bolus Resonances

David Vrba and Jan Vrba, Jr.
Department of Biomedical Devices, Faculty of Biomedical Engineering
Czech Technical University in Prague, Kladno, Czech Republic

Abstract— Our research interests is to study what happens, when the frequency f of hyper-
thermia apparatus is either very different (much higher or much lower) from the cut-off frequency
fe of the used waveguide applicator or very near (even equal) to this cut-off frequency f.. This
happen when either the hyperthermia apparatus is tunable in broader frequency range or the
cut-off frequency f. of the applicator is changed by different dielectric parameters of various types
of biological tissues near to heated locality.

Let us take into account the area of biological tissue surrounded by electric and magnetic walls.
Then the hybrid waveguide mode HE; (i.e., the lowest possible one) can be defined and excited in
the biological tissue in front of applicator aperture (it is a linear superposition of the modes TE1;
and TM;;). Higher order modes can be suppressed by the design of the applicator. Following 3
cases describe the change of the SAR in front of the applicator aperture as a function of working
frequency f of the hyperthermia apparatus with respect to the f.:

- if there is enough big difference between f and f., then homogeneous heating of the treated
area can be expected — see Figs. 1(a) and (b).

- if the both frequencies are very near each to other (difference between f and f. is going
down), then overheating (hot-spots) out of the treated area can arise — see Fig. 2.

Figure 2: Calculated SAR in the waveguide aperture.
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Lens Applicator for EM Thermotherapy

David Vrba and Jan Vrba, Jr.
Department of Biomedical Devices, Faculty of Biomedical Engineering
Czech Technical University in Prague, Kladno, Czech Republic

Abstract— In this contribution, we would like to describe our new results dealing with waveg-
uide hyperthermia applicators, typically used for cancer treatment. We have designed and evalu-
ated a water filled lens applicator (aperture of a the rectangular waveguide applicator is divided
into 3 or 5 sectors with shifted excitation).

We would like to present theoretical model of this applicator, results of numerical modelling and
experimetal evaluation as well. Focusing principle of the lens applicator enables to increase the
depth of efficient heating in comparison with waveguide applicators.

The basic schematics of the discussed type applicator is shown in the Figure 1. The aperture
of lens applicator is divided into 3 or 5 sectors with shifted excitation (i.e., different amplitude
and phase). To achieve deep local treatment by aid of this applicator we can thus use a focusing
principle.

In our contribution, we will discuss our results with the design of this type applicator and also
some first experiments will be presented.

Biological tissue

Lens applicator

Temperature

distribution

Figure 1.
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A Nanotechnology Platform Based on Surface-enhanced Raman
Spectroscopy for Rapid Detection of Microbes
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Abstract— Since the discovery of Raman scattering by Nobel laureate Chandrasekhara V. Ra-
man in 1928, it has been used to measure vibratinal spectra of numerous molecules and to study
the structures of molecules and compositions of materials. However, the weak signal of Raman
scattering has limited the scope of its applications. We have used highly ordered arrays of closely
packed metal (silver or gold) nanoparticles used to enhance the Raman spectral signals of the
molecular adsorbed on the surface. This latest development in the so-called surface-enhanced
Raman spectroscopy (SERS) greatly increased the possibility of its practical applications in the
chemical and biological analysis because of the high reproducibility and uniformity of such SERS
substrates. Furthermore, we also demonstrated a dual-function biochip that cannot only effec-
tively capture bacteria in human blood but also enhances the Raman signals of the bacteria,
allowing for their analysis by SERS. The core of the biochip is an array of Ag nanoparticles
coated by vancomycin, on which bacteria are selectively captured while blood cells are excluded.
Our results represent a critical step towards the creation of SERS-based multifunctional biochips
for rapid culture- and label-free detection and drug-resistant testing of microorganisms in clinical
samples.

Figure 1: We have demonstrated a dual function biochip that can not only effectively capture bacteria
in human blood but also enhances the Raman signals of the bacteria, allowing their analysis by surface
enhanced Raman spectroscopy (SERS). The core of the biochip is an array of Ag nanoparticles (silver)
coated by vancomycin (green), on which bacteria (white) are selectively captured while blood cells (red) are
excluded.
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Manipulating the Optical Properties of Metallic Thin Film with
Nanoscale Holes

Jinfeng Zhu' and Qing Huo Liu?
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Abstract— We develop a scalable method to fabricate a metallic thin film with arrayed periodic
nanoscale holes by nanosphere lithography and metal evaporation. The optical near-field and
far-field properties of the metallic film can be manipulated by tuning the film thickness, hole
diameter, and periodicity. Electromagnetic modeling and simulation show that the influence of
near-field distribution on optical transmission and reflection. This kind of metallic thin film has
the potential as a promising plasmonic nanostructure for flexible and transparent components in
optoelectronic devices.
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Barcoded Beads Based on Surface-enhanced Raman Scattering for
Pathogen Detection

Lai-Kwan Chau
Department of Chemistry and Biochemistry and Center for Nano Bio-Detection
National Chung Cheng University, Chiayi 62102, Taiwan

Abstract— Suspension arrays using barcoded beads have many advantages as compared to
planar microarrays which identify each probe by positional encoding. Surface-enhanced Raman
scattering (SERS) spectra of molecules adsorbed on noble metal nanoparticles have a great po-
tential to be used as the barcodes for bead-based bioassays. The intensity of SERS can be
made comparable to fluorescence. Therefore, the sharp SERS signatures serve as a promising
alternative optical marker to replace the broad fluorescence signatures, particularly in multiplex
detection, since it is difficult to excite multiple fluorophores with non-overlapping fluorescence
bands by a single wavelength. For SERS to reach intensity comparable to fluorescence, strategies
to create nanostructures that can generate high electromagnetic field enhancement are usually
used. This research employed the following two nanostructures for Raman barcoding schemes:
Raman reporter labeled nanoaggregate-embedded beads (NAEB) and Raman reporter labeled
gold nanorod-embedded beads (GNREB). For NEAB, because of the incorporation of a “hot”
nanoaggregate in each NAEB, SERS signal from a single NAEB can be detected. For GNREB,
the longitudinal surface plasmon band of gold nanorod has been estimated to be able to generate
at least an order of magnitude stronger localized electric field upon excitation than the isotropic
plasmon band of nanospheres. By employing different Raman labeled beads in a sample, multi-
plex SERS analysis of pathogens is anticipated.
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Gain-assisted Hybrid-superlens Hyperlens for Nano Imaging
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Abstract— In the past ten years, superlens or hyperlens cannot be fabricated without using
metallic materials. It always accompanies with significant energy loss when operating at terahertz
frequency, even at optical frequency. This disadvantage results in that metamaterials are hardly
utilized in practical manner since the throughput of the incident waves is extremely low. In
this Letter, we propose an active device named gain-assisted hybrid-superlens hyperlens and
demonstrate its super-resolution ability. The structure and material parameters of this device
are based on our previous research of hybrid-superlens hyperlens [1]. By doping a dye molecule
Coumarin 2 into PMMA, which is a gain medium with absorption wavelength at 365 nm [20-24],
it can be made as a thin gain layer. Base on this concept, active hybrid-superlens hyperlens with
gain can be designed. The gain medium is analyzed thoroughly using a generic four-level system
model, and the permittivity of the gain medium is extracted from this analysis for simulating
the imaging characteristics of the device. According to our simulation at wavelength of 365 nm,
an excellent resolution power much better than the diffraction limit value can be achieved.
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Electromagnetic Modeling and Simulation for Interconnect
Structures Based on Volume-surface Integral Equations

Y. Q. Zhang, M. H. Wei, Y. R. Cao, Y. Q. Wang, and M. S. Tong
Department of Electronic Science and Technology, Tongji University
4800 Cao’an Road, Shanghai 201804, China

Abstract— Electromagnetic (EM) modeling and simulation are crucial for understanding the
electrical performance of interconnect structures in microelectronic or nanoelectronic devices.
The structures are usually small compared with the wavelength within a certain range of fre-
quency, so extra care is required for achieving a good numerical accuracy. Also, the structures
include multiscale features, namely, some dimensions are much smaller than others in geome-
tries, leading to deteriorating the conditioning of system matrix. Moreover, the EM analysis
usually requires covering a wide range of frequency with significant low-frequency components,
resulting in a perplexity of low-frequency effects. These factors have caused much challenge in
numerical implementation and thus choosing appropriate governing equations, robust numerical
method, and wise implementation scheme has become essential. Traditionally, the EM modeling
for interconnect structures is formulated with surface integral equations (SIEs) in integral equa-
tion approach and one has to assume the homogeneity of materials in the dielectric substrate.
However, the inhomogeneity of materials could exist due to their impurity in some interconnect
structures and the SIEs may not be appropriate for such a case.

In this work, we use the VIEs to replace the SIEs for the substrate and they are coupled with
the SIEs for the conductors to form the volume-surface integral equations (VSIEs) for describing
the EM features of the interconnect structures. The use of VIEs in the substrate allows the
inhomogeneity of materials and may provide more flexibility in the analysis. The VSIEs are
usually solved with the MoM in which the Rao-Wilton-Glisson (RWG) basis function is used to
expand the surface current on the conductors with a triangular tessellation while the Schaubert-
Wilton-Glisson (SWG) basis function is applied to represent the flux density in the substrate
with a tetrahedral discretization. To facilitate the implementation, we suggest that the dyadic
Green’s function be kept in its original form without moving the gradient operator onto the basis
and testing functions. We can avoid the inconvenience of conventional implementation in this
way though requiring a good treatment for the hypersingularity in the dyadic Green’s function.
Numerical examples for analyzing typical inhomogeneous interconnect structures are presented
to illustrate the approach and good results can be observed.
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Abstract— The plasmonic hotspots are very useful in various applications such as surface
enhanced Raman spectroscopy, cancer therapy, and the photocatalyst. In this paper, we will
demonstrate our recent results about using femtosecond laser direct writing technique to effi-
ciently fabricate silver nanostructures as plasmonic substrates. Under focused femtosecond laser
illumination, the Ag nanoparticles can be reduced on the sputtered silver oxide (AgO,) thin film
in situ. The laser-generated Ag nanostructures exhibit broadband optical absorption over visible
light regime and function as SERS-active substrates. We find that the hotspots are uniformly
distributed across the laser-fabricated silver nanostructures. Raman enhancements can also be
optimized by varying the laser treatment condition. The reported technique is not only more effi-
cient but also simpler than other reported methods (e.g., e-beam lithography and focus-ion beam
lithography). This proposed technique has great potential for the fabrication of plasmon-active
substrate with high throughput and efficiency.
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Refractive Index Profiling of Metal-diffused Planar Waveguides
Using a Differential Near-field Optical Microscopy
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Abstract— Refractive index profiles of optical waveguides are crucial in determining optical
characteristics of integrated optical waveguides, such as guiding mode behaviors, coupling con-
dition, and so on. However, for the metal-diffused optical waveguides, the index profiles were
mainly determined by the fabrication process. Therefore, several methods were proposed to deter-
mine accurate refractive index profiles of optical waveguides. Secondary ion mass spectrometry
(SIMS) measures the concentration distribution of diffused metal ions and reconstructs index
profiles indirectly and destructively. Prism coupling method measures the effective indexes of op-
tical waveguides, and obtains index profiles using WKB approximation with measured effective
indexes of multimode waveguides. For the nondestructive measurement of single-mode waveg-
uide, guiding mode intensities were measured to relate index profiles with scalar wave equation.
Previously, differential near-field optical microscopy (DNSOM) was proposed in measuring the
symmetric index profile of an optical fiber, using differential inverse algorithm.

In this work, the DNSOM system was applied to reconstruct the asymmetric index profile of
a metal-diffused planar waveguide. The index model of Ti:LiNbOg waveguides has been deter-
mined, however, exact index profile depends on the fabrication process. Therefore, we would
like to apply DNSOM system on this waveguide, and compare the results with existing model.
The Ti:LiNbOj planar waveguide was fabricated for single-mode operation at 632.8 nm. Using
the differential inverse algorithm, the reconstructed index profile matches well with known index
model of Ti:LiNbO3 waveguides. Moreover, guiding mode profile calculated from fitted index
model also shows good agreement with measured mode profile. Refractive index profiling of
optical waveguides with unknown materials would be of great interests in the future.
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Evaluation of Path Visibility between Base and Mobile Stations in

Path visibility

Figure 1: Illustration of 64 examples of path visibil-
ity in a metropolitan Tokyo area (Shinjuku).

Cellular Communication Systems

Kazuya Iwasaki and Takehiko Kobayashi
Tokyo Denki University, Japan

Abstract— Radio propagation models for cellular mobile communication depend on line-of-
sight (LOS) or non-line-of-sight (NLOS) states between base and mobile stations (BS and MS).
An International Telecommunication Union-Radiocommunication Sector report [1] defined prob-
ability of LOS (path visibility) formulas in five scenarios — in home, urban micro-cell (UMi),
urban macro-cell, suburban macro-cell (SMa), and rural macro-cell — for evaluating the systems
proposed for IMT-Advanced. These formulas are the functions of only the distance between BS
and MS.

The authors examined the path visibility with a ray tracing simulator and a building database in
Japan and the United State. Fig. 1 presents 64 examples computed for a Tokyo metropolitan area
(Shinjuku) overwritten against the distance. Wide variation is observed between the visibility
curves. In addition, the average curve in Fig. 1 disagrees with the UMi formula given by [1].
While the visibility curves did not necessarily decrease monotonously with the distance, as shown
in Fig. 1, these can be modeled by exponential functions (exp(d/dp)), where d is the distance
between BS and MS. The ITU-R formulas also modeled the visibility by exp(d/36) (d > 18 m) and
exp(—(d —10)/200) (d > 10m) for UMi and SMa, respectively. The values of dy were calculated
for Shinjuku and Yokosuka (a suburban-residential area near Tokyo), as shown in Fig. 2. The 95%
confidence intervals of dy were [110,810] and [120, 350] for Shinjuku and Yokosuka, respectively.
These ranges depended on areas, location and height of BS, properties of buildings (area, height,
and floor space ratio), and those of roads (width, length, and widings). A single curve, therefore,
may fail to represent each scenario, and the ranges of dy and other factors affecting dy should be
considered to predict the path visibility.
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Interference Cancellation and DOA Estimation by Generalized
Receiver Applying LMS and MUSIC Algorithms

Jingui Liu, Modar Safir Shbat, and Vyacheslav Tuzlukov
College of IT Engineering, Kyungpook Natinal University, South Korea

Abstract— Under implementation of the generalized receiver (GR) constructed based on the
generalized approach to signal processing (GASP) in noise, an interference cancellation method
is to improve the GR performance in the presence of interfering signals. In this paper, an
interference cancellation technique based on the non-blind beamfroming algorithm, namely, the
least mean square (LMS) algorithm is employed by GR. The direction of arrival (DOA) estimation
is also used by LMS algorithm to provide a priori knowledge about the desired signal in GR.
The simulation results demonstrate superiority of GR performance and confirm the theoretical
analysis.

Subspace algorithms are widely used for direction of arrival (DOA) estimation. For least mean
square (LMS) beamforming employed by GR, the multiple signal classification (MUSIC) algo-
rithm can be applied when the DOA of desired signal is unknown. DOA algorithm is applied
after the preliminary filter (PF) of the GR to estimate the DOA of desired signal. The DOA
information is supplied to the GR model signal generator (GR MSG). Preliminary simulation
results for four cases when LMS algorithm is employed by Neyman-Pearson (NP) receiver and
GR are presented in Fig. 1 in a form of relation between the input signal-to-noise ratio (SNR) and
the output signal-to-interference-noise ratio (SINR) for both receivers. In all cases, the output
SINR increases when the input SNR increases and the DOA estimation error decreases. When
the input SNR is low, the NP receiver performance is better than GR performance. However,
it is not practical case owing to low values of the probability of detection (less than 0.1). In
practice, the GR overcomes NP by detection performance applying the LMS algorithm with and
without DOA estimation.

Dutput SIMR of LMS-GD
35 T T
— LMZS=S-GD autput SIMNR with real angle
— LMZS-GD output SIMR with DOA estimation
— LMS-MP output SIMNRE with real angle
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Figure 1.
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Rain Attenuation Prediction Using Frequency Scaling Technique at
Tropical Region for Terrestrial Link
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Abstract— The radio waves propagates through the earth atmosphere will be attenuated due
to presence of the atmosphere particles such as water vapor, water drops and the ice particles.
Meantime the atmospheric gases and rain will absorb the scatter the radio path consequently
degrade the performance of the link. This paper presents studies on rain attenuation at 26 GHz,
which is widely used for local multipoint distribution service deployment by using the measured
and prediction methods for terrestrial microwave links point to point in tropical regions. Basically
the models described in this paper include those of the ITU-R, revised Moupfouma and revised
Silva Mello.el model. The objective of these studies is to show the most suitable rain attenuation
prediction model for the Malaysian tropical region and comparison in term of attenuation on Ku
band and Ka band. Various reduction factor models are also discussed for the particular models
being considered. This paper will help provide useful information for researchers to make good
considerations in rain attenuation predictions for a terrestrial link operating frequency at 26 GHz
in a tropical region by using frequency scaling technique at operating frequency 15 GHz.
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New Indoor Propagation Channel Model for Location Purposes

Alain Moretto and Elizabeth Colin
Allianstic, ESIGETEL, Villejuif, France

Abstract— In this paper, we propose a deterministic, close to indoor physical phenomena and
hall orientated indoor propagation model for localization purposes. This multi-frequency, multi-
path indoor channel model is based on geometrical optics (GO). The received electromagnetic
power is given as a function of the carrier frequency, the distance between emitting and receiving
antennas, the ceiling height and takes into account both building materials dielectric properties
and radiation Rx/Tx antenna’s pattern. Received power simulations are compared to measure-
ments with an UHF RFID system using active tags at 868 MHz and 433 MHz in a 20m long
ground floor environment. A good match is noticed.
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Access Point Selection for WLAN Indoor Localization Systems
Using RF Walk Test Data

C. Sapumohotti, M. Y. Alias, and S. W. Tan
Multimedia University, Malaysia

Abstract— Recent proliferation of Wireless Local Area Network (WLAN) devices presents an
opportunity to provide indoor localization by utilizing the unique WLAN beacon received signal
strengths (RSS) corresponding to different locations in the map [1]. This method is referred to as
location fingerprinting. Location fingerprinting utilizes periodic beacons broadcasted by WLAN
Access Point (AP) to client devices. A typical location fingerprinting implementation consists of
two phases which are referred to as online phase and offline phase [2]. In the offline phase which
is also known as calibration phase, RSS data collected at predefined locations (referred to as
calibration points) and the corresponding location information is stored in a database (referred
to as radio map). The calibration points are distributed in a uniform grid such that the spacing
between adjacent calibration points is constant. In the online phase, the beacon RSS measured
in real-time by a client device is compared with the radio map to infer its location. The most
costly operation associated with location fingerprinting systems is the offline calibration phase.
This phase is non-trivial and requires significant amount of manual labour.

There are several challenges when deploying location fingerprinting systems. For example, there
is no reliable method to identify the optimal locations to place APs prior to the calibration phase.
Placing APs in non-optimal positions could result in high localization error in the online phase
and cause the offline phase to be repeated. Another challenge is associated with the limited
processing and communication resources in the client device. This is most significant when there
are a large number of APs in the radio map as the computation power required by the localization
algorithm increases with the number of AP. In addition, not all APs provide the same localization
accuracy and filtering out APs which have a low impact on localization accuracy can reduce the
computation and bandwidth requirement of the localization software. There is some work on
filtering APs after the calibration phase. For example, MazMean [3] metric and InfoGain [4]
metric have been proposed for this purpose. However, understanding which APs provide the
highest accuracy prior to calibration phase would be helpful in order to verify the long term
availability of these APs.

This paper proposes a novel metric referred to as LocationInfo for the purpose of quantifying the
localization efficacy of APs. First, LocationInfo computes an information theory based metric
using walk test data. A walk test [5] as the name suggests involves walking through the corridors
covered by the radio map while the device automatically collects RSS samples at a periodic scan
interval which is in the range of 1 second. Typically this can be completed in a few minutes and is
much more trivial compared to an offline calibration phase which takes a few hours. Second, the
APs with the highest LocationInfo are included in the radio map. Compared to InfoGain which is
also based on information theory, LocationInfo exploits the spatial relationship between adjacent
walk test points and is able to include the discriminative ability of ambient APs. Furthermore,
LocationInfo uses probability distributions to represent the RSS likelihood at each walk test
point. The proposed metric is evaluated using simulations. The simulation results show that set
of APs selected by LocationInfo provides higher localization accuracy compared to InfoGain and
MazMean metrics.
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Reducing the Calibration Effort in WLAN Indoor Localization

Systems Using Cluster Analysis of RF Walk Test Data

Chamal Sapumohotti, Mohamad Yusoff Alias, and Su Wei Tan

Faculty of Engineering, Multimedia University, Jalan Multimedia, Cyberjaya, Selangor 63100, Malaysia

Abstract— The Global Positioning System (GPS) [1] technology has become the de-facto
standard for outdoor localization. GPS requires line-of-sight (LOS) between GPS satellites and
client device for accurate localization. Unfortunately, GPS is impractical for indoor applications
as the direct paths between satellites and the client are obstructed when the client device is located
inside buildings. On the other hand, recent proliferation of Wireless Local Area Network (WLAN)
devices presents an opportunity to utilize WLAN beacons which are periodically broadcasted by
WLAN Access Point (AP) to client devices as a source of location information. This method
is referred to as location fingerprinting [2,3]. A typical location fingerprinting implementation
consists of two phases which are referred to as online phase and offline phase [2,3]. In the
offline phase which is also known as calibration phase, RSS data collected at predefined locations
(referred to as calibration points) and the corresponding location information is stored in a
database (referred to as radio map). The calibration points are distributed in a uniform grid
such that the spacing between adjacent calibration points is constant. In the online phase,
beacon RSS measured in real-time by a client device is compared with the radio map to infer its
location. The most costly operation associated with location fingerprinting systems is the offline
calibration phase. This phase is non-trivial and requires significant amount of manual labour
depending on the number of calibration points.

The set of AP RSS detected by a client device at any point can be considered as a vector space
referred to as the signal space. However, the mapping between a point in physical space to a point
in signal space is not entirely deterministic as several factors such as multipath noise, variations
in body loss and measurement noise add random variations to the beacon RSS. Therefore, the
signal space separation between calibration points is significant in discriminating them from each
other. In other words, the inclusion of calibration points which are close to each other in signal
space does not increase the localization accuracy of the indoor localization system. However,
current approach of radio map construction [2, 3] relies on calibration points which are uniformly
spread out in the area covered by the radio map without considering the signal space separation
between calibration points. Hence, a significant amount of labour cost is wasted in the calibration
phase.

This paper proposes the use of clustering algorithms on radio frequency (RF) walk test [4] data
as a solution for identifying these unresolvable calibration points prior to calibration. However,
a classical clustering algorithm such as K-mean clustering [5] is not appropriate for this purpose
due to two reasons. Firstly, the number of clusters is unknown and secondly, the clustering has
to take into account not only the signal space proximity, but also the physical space adjacency
as well. Therefore, a novel clustering algorithm which is referred to as Spatial aware Signal
Space Clustering (S3C algorithm) is proposed. This algorithm creates clusters between adjacent
physical space points if the corresponding signal space separation is less than a constant referred
to as cluster margin which represents the minimum signal space separation which is required to
clearly resolve two calibration points. The simulation based study of the S3C algorithm shows
that it is able to reduce the labour cost of location fingerprinting systems by removing these
unresolvable calibration points while preserving the localization accuracy.

REFERENCES

1.

2.

Engee, P. K., “The global positioning system: Signals, measurements and performance,” Int.
J. Wireless Inf. Netw., Vol. 1, No. 2, 83-105, 1994.

Bahl, P. and V. N. Padmanabhan, “RADAR: An in-building RF-based user location and
tracking system,” Proc. IEEE Conf. Comput. Commun., 775-784, 2000.

. Honkavirta, V., T. Perala, S. Ali-Loytty, and R. Piche, “A comparative survey of WLAN loca-

tion fingerprinting methods,” 6th Workshop on Positioning, Navigation and Communication,
WPNC, 243-251, Mar. 19, 2009.

. Aragon-Zavala, A., B. Belloul, V. Nikolopoulos, and S. R. Saunders, “Accuracy evaluation

analysis for indoor measurement-based radio-wave-propagation predictions,” IEFE Proceedings
— Microwaves, Antennas and Propagation, Vol. 153, No. 1, 67-74, Feb. 6, 2006.

. Marsland, S., Machine Learning: An Algorithmic Perspective, Chapman & Hall/CRC, 2009.



Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013

115

Impact of Floor Attenuation Factor on Indoor Localization

Accuracy for Multi-floor Environment

Abdulrageeb Alhammadi, Mohamad Yusoff Alias, and Tan Su Wei
Faculty of Engineering, Multimedia University, Malaysia

Abstract— Recently, indoor localization techniques that use wireless local area network (WLAN)
beacon signals have gained much attention by the research communities [1]. Two important issues
in indoor localization technology are high accuracy and reliability. In [2], it has been shown that
signals in multi-floor environment could impact the system accuracy [2]. Two main factors that
affect the accuracy in multi-floor localization are multipath effect and floor attenuation factor
(FAF). Previous works mostly ignored the impact of FAF in location estimation [3].

In this paper, we introduced an experimental test bed in a typical multi-floor building. This
experimental test bed consists of two parts. In the first part, FAF is measured at certain points
between two floors by collecting received signal strength (RSS) from available access points.
Second part, applying a fingerprinting-based localization algorithm which consists of two phases:
offline phase and online phase. In the offline phase, calibration points are collected at certain
places in both floors to build a radio map. In the online phase, K-Nearest Neighbor (KNN)
algorithm is applied to get the correct estimated position of mobile device [4].

We present experimental results that show the impacts of FAF to the estimated position in
multi-floor environment. Specifically, the fluctuation of FAF can result in high error rate to the
estimated locations.
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Electric Fields Radiated from an Electrostatic Discharge Suppressor
Filled with Air, Argon, Helium, and Neon

Hsing-Yi Chen and Pei-Kuen Li
Department of Communications Engineering, Yuan Ze University
135, Yuan-Tung Road, Nei-Li, Chung-Li, Taoyuan Shian 32003, Taiwan

Abstract— An electrostatic discharge (ESD) event may result in a heavy current pulse with
fast rise time and short duration time which can damage high sensitivity electronic circuits. In
addition, it can also radiate the electromagnetic pulse (EMP) fields to destroy high sensitivity
electronic circuits. In this paper, the finite-difference time-domain (FDTD) method was used to
calculate the capacitance, ESD current, and radiated electric field for an electrostatic discharge
(ESD) suppressor filled with air, argon, helium, and neon. The ESD suppressor contains two
major structures of discharge electrodes, a substrate, an overcoat, two backside electrodes, two
connect electrodes, and a solder layer. In order to check the validity of the FDTD method, the
simulation result of capacitance of the ESD suppressor was validated by measurement data and
time-domain moments method (TDMM). After checking the validity of the FDTD method, the
FDTD method was used to further studies on the characteristics of the ESD suppressor filled with
air, neon, argon, and helium. It is found that only a tiny variation of obtained capacitances for the
ESD suppressor filled with air, neon, argon, and helium under the same conditions. But it is also
found that the ESD suppressor filled with air has a much higher trigger and clamping voltage than
the ESD suppressor filled with neon, argon, or helium. It is also found that the radiated electric
field has a maximum value in the spark gap. Outside the spark gap, the maximum radiated
electric field is below the breakdown strength, but the magnitude of the radiated electric field
resulting from ESD events is still very large as the distance from the ESD suppressor is less than
2mm.
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Real-time Local Capacitance Extraction at Field-solver Accuracy
Using Instantiable Basis Functions with Boundary Element
Methods

Yu-Chung Hsiao and Luca Daniel
Massachusetts Institute of Technology, USA

Abstract— Traditional capacitance extraction for VLSI interconnects usually involves two
steps: 2D scanning decomposition and then a table lookup or calculation through empirical
formulas. The first step decomposes 3D geometries into 2D cross-sections, and the second step
computes 2D capacitance on each cross-section. This two-step 2D approximation is fast and
suitable for whole-chip extraction, but it cannot guarantee the capacitance accuracy to be within
a 5% error. For common full 3D geometries, such as partially overlapping wires in two adjacent
metal layers and comb capacitors, circuit designers oftentimes need to resort to 3D field solvers
for 3D accuracy. Such 3D field solvers are usually several orders of magnitude slower than the
aforementioned 2D approximation method. Widely used acceleration techniques, such as fast
multipole expansion and pre-corrected FFT, have effectively made boundary element methods
capable of handling hundreds of wires within minutes. But for the small-to-medium structures
with tens of wires, which is the common size for local full 3D geometries, the extraction time
of the accelerated boundary element methods still lies within the range of seconds to minutes.
Ideally users would like to have instead sub-second “real-time” capacitance extraction updates
when changing geometries and layouts by dragging wires with their mouse.

In this work, we proposed a complete automatic extraction flow from industry-standard GDS2
layout files to capacitance matrices that can meet the sub-second extraction performance within
a 5% capacitance error. We utilized our previously proposed instantiable basis functions to
replace piecewise constant basis functions as a more efficient charge distribution representation.
Instantiable basis functions are the compound shapes of charge distribution that are directly
extracted from primitive geometries for being reused in related capacitance extraction problems.
By identifying and storing one essential arch shape, we can instantiate virtually all types of basis
functions for Manhattan geometries. Using instantiable basis functions also facilitates parallel
scalability. We demonstrated an almost linear relationship between parallel efficiency and number
of processors in our examples. We achieved sub-second extraction time: 38 milliseconds for an
invertor logic gate and 190 milliseconds for an NAND gate extraction, whereas the traditional
fast multi-pole acceleration method requires one second and 2.5 seconds respectively to reach the
same accuracy. The sub-second extraction performance of our proposed method enables real-time
capacitance updates upon users’ incremental geometry modification.

Our complete extraction toolkit consists of three parts: i) a series of geometric algorithms that
can automatically transform layered polygon information from GDS2 files into instantiable basis
functions, ii) a parallelized boundary element field solver implemented in Open MP and MPI that
extract capacitance matrices given the generated instantiable basis functions, and iii) a graphical
user interface equipped with 3D Open GL rendering of layout geometries. The overall C++ code
will be released in the public domain.
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An FMBEM for Periodic Transmission Problems Using Miiller’s
Formulation and Nystrom’s Method

K. Niino and N. Nishimura
Kyoto University, Japan

Abstract— Solution of periodic boundary value problems for Maxwell’s equation is of interest
in view of various applications in optics, etc. In our previous studies we have developed a periodic
Fast Multipole Method (FMM) as a fast solver of transmission problems in periodic domains using
the PMCHWT formulation [1]. It has been found, however, that the convergence of the iterative
solvers for linear equations slows down in large problems, particularly when the solutions show
anomalies related to the periodicity of the problems. We were thus lead to the investigation of
remedies using preconditioning schemes based on Calderon’s formulae to accelerate convergence
of iterative solvers in the periodic FMM for time harmonic wave problems. This approach allows
the use of Gram matrix as a preconditioner with a proper ordering of equations, and turned out
to be effective in the Helmholtz case [2], even near anomalies. Its extension to Maxwell using
MoM (3] is possible with the use of dual basis, but its implementation has so far been not as easy
as would be desirable.

In the present study, we investigate a Fast Multipole accelerated Boundary Element Method
(FMBEM) using Miiller’s formulation for Maxwell’s equations in periodic domains. This method
is expected to reduce the iteration number of iterative solvers because the integral operators
associated with Miiller’s formulation take the form of a sum of the identity operator and a
compact operator. We use the Nystrom method for the discretisation so that we do not need to
use any basis. Through several numerical experiments we conclude that the proposed method is
accurate and effective in reducing computational time.
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Analysis of Transient Electromagnetic Fields near Nano Objects by
an Integral Equation Method with FILT

S. Kishimoto!, S. Ohnuki'!, Y. Ashizawa!, K. Nakagawa!, S. Y. Huang?, and W. C. Chew?

LCollege of Science and Technology, Nihon University, Japan
2Singapore University of Technology and Design, Singapore
3University of Illinois, USA

Abstract— For designing plasmonic devices, it is important to analyze electromagnetic prob-
lems for nano objects [1]. Using the finite difference time domain (FDTD) method or boundary
integral equation method (BIEM), time domain responses of electromagnetic fields for nano par-
ticles have been analyzed [1-3]. In this talk, we investigate transient fields near nano objects by
using the integral equation method with fast inverse Laplace transform (FILT). As the integral
equation, the Poggio-Miller-Chang-Harrigton-Wu-Tsai (PMCHWT) formulation is considered
and the formulation is extended in the complex frequency domain. We will show that our novel
method has some advantages: (1) the computational error can be fully controlled, (2) arbitrary
time increments can be selected, and (3) high parallel efficiency can be obtained.

The time domain response for a nano sphere is computed as shown in Figure 1. Our proposed
method can perform a reliable simulation, compared with the exact solution.
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Figure 1: Time domain response for a nano sphere.
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Perturbation-based Electric Field Integral Equation for Low
Frequency Capacitive Problems

S. Sun!, Q. S. Liu!, and W. C. Chew! 2

IDepartment of Electrical and Electronic Engineering
The University of Hong Kong, Pokfulam Road, Hong Kong, China
2Department of Electrical and Computer Engineering
University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA

Abstract— At low frequencies, the electric field integral equation (EFIE) usually breaks down
when the Rao-Wilton-Glisson (RWG) basis function is employed. The physical reason is the
decoupling between the electric field and magnetic field. In the integral representation of the
EFIE, the electric field is decomposed into the vector potential part and the scalar potential
part. When the frequency approaches zero, the vector potential part is much smaller than the
scalar potential part and its contribution will be lost during the numerical process. Due to the
divergence operator, the remaining scalar potential part has a null space, which makes the system
matrix extremely ill-conditioned.

In this work, the perturbation method is directly applied on the EFIE. We can observe that
the starting term of resultant current is on the order of w!'. It means that the zeroth-order of
the current has been lost during the numerical process in the original EFIE. This will lead to
wrong results for plane wave scattering problems. However, for a circuit problem with capacitive
surfaces, the leading term of the current is rightly aligned on the same order. Therefore, the low-
frequency capacitive current at the first order of frequency can be accurately captured. Moreover,
the nullspaces of the divergence operator are carefully studied, where the eigenvectors with small
eigenvalue terms are not excited and the convergence of the iterative solution is ensured.
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Extension of the Spectral Acceleration Method to Absorptive
Medium and Its Application to Electromagnetic Scattering from
Rough Surfaces

Yinhui Wang and Yang Du
Department of Information Science and Electronics Engineering
Zhejiang University, Hangzhou 310027, China

Abstract— Electromagnetic scattering from absorptive dielectric rough surfaces with under-
neath target carries rich information of the target and medium, which can be used for many
important ends. The main concerns of conducting the analysis lie in the capability of the pro-
posed numerical approach to be computationally efficient, robust, and able to handle large scale
problems. Also since the popular spectral acceleration (SA) technique can deal with both time
and storage complexity, it is desirable to extend its applicability to absorptive media as well.

The idea of the spectral acceleration technique is the following: in using the spectral representa-
tion of the Green’s function which is the Hankel function for one dimensional case, the integration
path can be appropriately chosen such that 1) the same path is used for all stationary points to
ensure the formulation of the recursive relation critical to the reduction of computational com-
plexity of the matrix-vector product from O(N?) to O(N); 2) the integrand, — the so called
I(phi) function, is well behaved along the integration path; and 3) integration interval and step
size are well chosen to ensure accuracy and economy of computation. In the case of absorptive
medium, the three requirements cannot be simultaneously fulfilled using the standard spectral
acceleration technique.

In the current work we propose a method to identify 1) an appropriate set of integration paths,
along each the I(phi) function is well behaved; 2) an proper integration interval which includes
almost all the contribution of I(phi); and 3) an integration step size that balances accuracy and
computation.

The proposed method has shown to be very accurate through comparison of its predictions of
the Green’s function against direct computation under different surface roughness conditions
and dielectric constants. When applied to the electromagnetic scattering from randomly rough
surfaces, the scattering coefficient predictions agrees almost perfectly with that of direct matrix
inversion (DMI). The conservation of energy holds very well.

In conclusion, we have proposed a method to extend the spectral acceleration method to the
case of absorptive medium, which when combined with highly efficient and robust numerical
approaches, allows the analysis of scattering from rough surfaces under realistic settings, and
bodes well for a number of important applications such as target detection.
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Evaluation of Singular Potential Integrals with Linear Source
Distribution

W. T. Sheng, Z. Y. Zhu, G. C. Wan, and M. S. Tong
Department of Electronic Science and Technology, Tongji University
4800 Cao’an Road, Shanghai 201804, China

Abstract— Integral equation method is widely used for solving electromagnetic (EM) problems
due to its unique features compared to other approaches. The surface integral equations (SIEs)
are preferred whenever available because they require less number of unknowns in the domain
discretization. One fundamental problem in the integral equation method is the treatment of
singularity or evaluation of singular potential integrals related to the Green’s function. In the
method of moments (MoM) with Rao-Wilton-Glisson (RWG) basis function for solving the elec-
tric field integral equation (EFIE), one needs to handle the 1/R weak singularity, where R is
the distance between an observation point and a source point. This is because one can move
the gradient operator of the integral kernel, which is the dyadic Green’s function, onto the basis
function and testing function and lower the degree of singularity to facilitate the evaluation.

The 1/R weak singularity has been widely studied and many efficient evaluation techniques have
been developed. The well-known Duffy’s method is the earliest work on this subject and it mainly
uses a variable change to produce an extra zero in the Jacobian which can be used to cancel the
singularity and regularize the integrand. The resultant integrals are regular and can be accurately
evaluated with numerical quadrature rules.

However, the Duffy’s method requires a two-fold numerical integration after regularizing the
integral kernel and may be inconvenient in implementation. In this work, we develop a novel
approach to evaluate the singular potential integrals with a linear source distribution by using a
special polar coordinate system. The approach can automatically cancel the singularity without
using a variable change or coordinate transform and reduce the integral to a one-fold numerical
integration by deriving a closed-form expression for the integral over the polar coordinate. The
one-fold numerical integration is for the angular coordinate and has a very simple integrand
which can be easily evaluated. Numerical examples for EM scattering by conducting objects are
presented to demonstrate the approach and good results can be observed.
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Direct Matrix Solutions of Linear Complexity for Rapid
Electromagnetic Analysis of Large-scale Integrated Circuits

Dan Jiao
School of Electrical and Computer Engineering, Purdue University
West Lafayette, IN 47907-2035, USA

Abstract— We have developed a linear-complexity inversion and LU factorization algorithm
to directly solve the dense system of linear equations resulting from an integral-equation-based
analysis of general 3-D circuit problems. The resultant direct integral equation solver outperforms
state-of-the-art solvers for circuit extraction, be they direct or iterative solvers, with fast CPU
time, modest memory consumption, and with prescribed accuracy satisfied, for both small and
large number of unknowns. The inverse of a 2.68-million-unknown matrix arising from the full-
wave extraction of a large-scale 3-D interconnect having 128 buses, which is a matrix solution for
2.68 million right-hand sides, was obtained in less than 1.5 GB memory and 1.3 hours on a single
CPU running at 3 GHz.

We also develop a direct finite-element solver of linear complexity for solving general 3-D circuit
problems. In this solver, we fully take advantage of the sparsity in the original matrix of size N and
the reduced fill-ins due to nested dissection ordering. We also organize the overall factorization
of a 3-D finite element matrix into a sequence of partial factorizations of dense smaller matrices
by the multifrontal algorithm. We then develop fast H-matrix based algorithms to accelerate
the computation of all the intermediate dense matrices. The computational complexity of the
proposed solver is theoretically analyzed and shown to be O(N) in both time and storage for 3-D
circuit analysis. The solvers controlled accuracy is also proved. A comparison with the state-of-
the-art direct finite element solver that employs the most advanced sparse matrix solution has
shown clear advantages of the proposed linear-complexity direct solver. A finite element matrix
involving 4.87 million unknowns arising from a 3-D integrated circuit analysis is factorized in less
than 1.7 hours on a single computer running at 3 GHz.
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SEM for Huge Enhancement of Second-harmonic Generation in
Air-bridge Photonic Crystal Slabs

Ma Luo and Qing Huo Liu
Department of Electrical and Computer Engineering
Duke University, Durham, North Carolina 27708, USA

Abstract— Nonlinear optical effects and the associated second harmonic generation (SHG)
have widespread applications. However, as the nonlinear optical coefficients are usually small for
most materials, the SHG effect is weak. Moreover, as optical materials are usually dispersive,
there is a phase mismatch between the fundamental frequency and second harmonic fields, further
weakening the SHG effect. Various design methods have been proposed to enhance the SHG
effect, including the use of anisotropic crystal optical materials, some semiconductor materials
with relatively large nonlinear optical coefficients, periodic structures to modify the dispersion
relation, and microcavity resonant modes to increase the density of states.

In this work, the enhancement of second harmonic generation by a 2D air-bridge photonic crys-
tal slab consisting of GaP is investigated with the three-dimensional spectral element method
(SEM), a highly accurate and efficient numerical method for electromagnetic computation [1].
The in-plane band structure is calculated by the SEM, and is compared with the peaks of the
second harmonic generation to reveal the mechanisms behind the SHG enhancement. The nu-
merical results show that the scattered power of the second harmonic generation is enhanced for
the eigenstates with large decay rates, while the stored energy of the second harmonic gener-
ation is enhanced for the eigenstates with a zero decay rate. The second harmonic generation
in a photonic crystal slab is enhanced under two conditions, i.e., when there is phase matching
and symmetry matching between the field pattern of the resonant eigenstate and the generated
second harmonic polarization field. Compared with a uniform GaP slab, the designed air-bridge
photonic crystal GaP slab can enhance the second harmonic generation by four orders of magni-
tude in a single layer. We have further investigated air-bridge multiple layers distributed Bragg
reflector consisting of GaAs/AlAs with photonic crystal structure, and found that the SHG can
be enhanced by six orders of magnitude. Such huge enhancement of SHG effects can be very
useful in various nonlinear optics applications.
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A Novel Square Ring Patch Antenna for GPS Signal Reception

Wen-Shan Chen, Yu-Ching Su, Ke-Ming Lin, Chien-Min Cheng,
Yu-Zung Chiou, and Chun-Kai Wang
Southern Taiwan University of Science and Technology, Taiwan, R.O.C.

Abstract— Global satellite positioning system (GPS) coordinate positioning technology, which
has advantages of high accuracy, fast, and convenient, is a widely used wireless communication
technology for car navigation, navigation guidance, aircraft navigation, as well as military and
commercial applications. To precisely indicate the coordinate in the global system, the antennas
used in the GPS applications need to possess circularly polarized (CP) radiation patterns. In
the paper, we proposed a square ring patch antenna operating the GPS L; band (1.57542 GHz).
The proposed antenna having a dimensions 56 mm (length) x 56 mm (width) is fabricated on an
FRA4 substrate with a thickness of (1.6) mm, a relative permittivity of 4.4, and a loss tangent of
0.024. The square ring patch printed on the top side of the substrate occupies a size 40 x 40 mm?
(Ly x W7) with a truncated slot of 13 x 13mm? (Lo x W5). The corner feeding mechanism (feed
point at diagonal line of the patch) resonate two orthogonal modes. By adding an inverted-L slot
(horizontal slot of Lz x W3, vertical slot of Ly x Wy) on ground plane, the CP feature is accom-
plished through two perturbed antenna currents that has a 90° phase difference. The measured
bandwidth based on 10dB return loss is 40 MHz (1.55 ~ 1.59 GHz) and the simulated 3-dB AR
bandwidth is 14 MHz (1.565 ~ 1.579 GHz). With the compact size and good antenna perfor-
mances, the proposed antenna is suitable for GPS applications. Other results of the proposed
antenna will be presented and discussed on the conference.
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A Multi-arm Coupled-fed Monopole Antenna for WWAN Mobile
Systems

Wen-Shan Chen!, Bau-Yi Lee?, Hung-Ying Lin', Chien-Min Cheng',
Shih-Chiang Chiu!, and Jing-Yen Chen!

!Department of Electronic Engineering
Southern Taiwan University of Science and Technology, Tainan City 710, Taiwan
2Department of Electrical Engineering
Tung Fang Design University, Kaohsiung City 82941, Taiwan

Abstract— This paper proposes a printed monopole antenna, which is fabricated on a 0.8 mm
thick FR-4 substrate for WWAN 5-band application. On one side of the substrate, a monopole
patch and a 502 micro-strip feed-line with length of 25 mm are etched. The monopole patch
is directed fed by the feed-line and operates a resonant mode at 2.66 GHz. On the other side
of the substrate, a coupled-fed monopole with four arms (an L-shaped arm, a left arm, a right
arm, and an F-shaped arm) and a ground plane are printed. The coupled-fed monopole is
connected to the ground plane through one of the arms (the F-shaped arm). Beside, each arm
of the monopole excites its own resonant mode, except one of the arms (the left arm) is used
for improving the impedance matching. By adjusting the length of the four arms, the antenna’s
operating bandwidth based on the 6-dB return loss is from 0.72-1.15 GHz and 1.45-2.2 GHz for
GSM 850/900, GSM 1800,/1900, and UMTS applications. The overall dimension of the proposed
antenna is 60 x 110 x 0.8 mm? that contains an antenna portion of 60 x 15mm? and a ground
plane of 60 x 95 mm?. The proposed antenna having dual wide operating bandwidth and a small
size with planar structure are suitable for smart phone handset. This article also provides the
studies of measured radiation patterns, antenna gain, and radiation efficiency. Furthermore, the
simulated results of antenna SAR obtained by SEMCAD-X are presented and discussed. Both
the measured results and antenna SAR demonstrate the reliability of the proposed antenna.
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A Feeding Method for Broadband Microstrip Antenna Using
Coaxial Structure

S. Maruyama and T. Fukusako
Department of Computer Science & Electrical Engineering, Kumamoto University, Japan

Abstract— A Bandwidth enhancement technique for microstrip antennas using coaxial struc-
ture is presented. The proposed method is to extend the outer conductor and inside dielectric
substrate of a SMA connector, and a circular flange is mounted on top of the extended outer
conductor. The proposed antenna has successfully achieved a simulated S7; bandwidth of 37%.

Introduction: Microstrip antenna has several advantages such as low profile and easiness to
fabricate, etc., however, the characteristics of conventional microstrip antennas are very narrow.
Various techniques to expand the bandwidth have been proposed for microstrip antennas [1,2].
A new method is proposed in this paper, and it can achieve a simulated S7; bandwidth of 37%
(4.75 GHz ~ 6.90 GHz).

Antenna Structure: In the proposed feeding method, the outer conductor and the inside
dielectric of a SMA connector are extended, and a circular flange is mounted on the top of the
extended outer conductor. The propose antenna has a height of 4.8 mm and uses a RT/Duroid
5880 substrate with a permittivity of 2.2 and a dielectric loss of 0.001. The size of the radiate
patch is 16.8 x 16.8 mm and the size of the ground plane is 40 x 40 mm. Impedance matching is
determined by the following three values: the feeding point shifted by 3.0 mm from the center of
the patch radiator, the outer conductor extended by 3.2 mm from the ground, and the radius of
the mounted circular flange chosen as 4.0 mm.

Simulated Results: The propose antenna is simulated by Ansoft HFSS13.0. A simulated
S11 bandwidth of 37% and a simulated boresight gain of 7.2dBi are achieved. The broadband
characteristics is occurred because a new resonance due to an inductance by the extended outer
conductor and a capacitance between the radiate patch and the mounted flange.

Conclusion: A Bandwidth enhancement technique for microstrip antennas using coaxial struc-
ture has been presented. This method has been used in the broadband design of circularly
polarized microstrip antenna using artificial ground structure [3], in which this study can also
explain the mechanism of the feed structure.
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Improving Wireless Power Transfer Efficiency by Using Coil
Antenna Arrays for Charging Wireless Communication Devices

Shi Pu and Hon Tat Hui
Department of Electrical and Computer Engineering, National University of Singapore, Singapore

Abstract— The conventional method of using cables for charging wireless communication
devices such as mobile phones, iPADs, iPhones, laptops, etc., has always been an inconvenience
for users, especially in such situations as charging these devices in airports or other stations.
In this paper, we propose a method of wireless power transfer (WPT) for charging wireless
communication devices efficiently. Different from the previous WPT methods, a new method of
using coil antenna arrays in both the transmitter and receiver sides is introduced for wireless
power transfer (WPT) employing the technique of mid-range strong magnetic resonant coupling.
A two-coil antenna array is designed for the power transmission while another two-coil antenna
array is designed for power reception. It is shown that a power transfer efficiency of well over
50% at a transmission separation of 50 cm can be achieved. This efficiency is much higher than
the usual case of using only single coils at the transmitter and receiver sides. We will show in
details of the design and characterization of the coil antenna arrays for this new method.
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Design of Two-layer Hemispherical Dielectric Resonator Antenna

Xiaosheng Fang and Kwok Wa Leung

The State Key Laboratory of Millimeter Waves, Department of Electronic Engineering
City University of Hong Kong, Kowloon, Hong Kong, China

Abstract— The two-layer hemispherical dielectric resonator antenna (DRA) excited in the
TE11; mode is studied. Its resonance frequency is found rigorously by solving the TE-mode
characteristic equation. By using the covariance matrix adaptation evolutionary strategy (CMA-
ES), results that determine the outer and inner radii of the two-layer hemispherical DRA are
found for the first time. The results are compared with the exact solutions and good agreement
is obtained.
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A Wideband Circularly Polarized Magneto-electric Dipole Antenna

Kwai Man Luk and Mingjian Li
State Key Laboratory of Millimeter Waves, Department of Electronic Engineering
City University of Hong Kong, Kowloon, Hong Kong SAR, China

Abstract— A wideband circularly polarized antenna based on dual-polarized magneto-electric
dipole antenna is proposed. The dual-polarized antenna consists of 4 identical metallic plates,
4 identical rectangular metallic posts and a box-shaped reflector. The plates operate as two
pairs of electric dipoles and the posts together with the ground between them perform as two
pairs of vertically quarter-wave shorted patch antennas. The combination can be represented
by equivalent electric and magnetic currents excited simultaneously. This antenna is excited by
two I'-shaped probes orthogonal orientated in phase quadrature, which is realized by using a
power divider and a broadband 90° phase shifter. The proposed antenna was fabricated and
measured. It achieves a wide impedance bandwidth of 89.7% from 1.23-3.23 GHz with SWR < 2
which covers the axial-ratio (AR) bandwidth of 81% from 1.28-3.05 GHz with AR < 3dB. In
this operation frequency band, the proposed antenna has a broadside gain of larger than 3 dBi
above 1.4 GHz. Considering the common overlapped bandwidth limited by the impedance, AR
and gain, the proposed antenna exhibits an effective bandwidth of 74.1% from 1.4-3.05 GHz.
Over the operating frequency band, the measured radiation pattern has broadside radiation, low
cross-polarization and low back lobe.
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Use of Transparent Dielectric Resonator Antenna as a Light Cover

Xiaosheng Fang and Kwok Wa Leung
The State Key Laboratory of Millimeter Waves, Department of Electronic Engineering
City University of Hong Kong, Kowloon, Hong Kong, China

Abstract— Today, many modern buildings are equipped with antennas on their ceilings for
indoor wireless communications. By using light-cover antenna, installations of the antenna and
lighting systems can be done in one go, reducing the overall installation work and cost. Also,
since the light-cover antenna simply appears as part of a lighting system, it is especially useful
when invisible antennas are required to avoid psychological problems. This paper presents a
dualband transparent hollow hemispherical dielectric resonator antenna (DRA) functioning as
a light cover. K9 glass was employed to fabricate the DRA. The dualband DRA was simply
excited by an aperture, which was fed by a coaxial cable. This feed network can largely reduce
the production cost since only an aluminum plate is needed. It was found that the lower band of
the antenna covers the IEEE 802.11b WLAN band (2.4-2.48 GHz), whereas its upper band covers
the IEEE 802.11a WLAN band (5.15-5.35 GHz). Broadside radiation patterns were observed for
both frequency bands, as desired for a dualband antenna. ANSYS HFSS was used to simulate
the reflection coefficient, radiation pattern, and gain of the antenna. Measurements were carried
out to verify the simulations and reasonable agreement between them is obtained. In studying
the light-cover DRA, an LED is placed inside the hollow region of the DRA to serve as the light
source. The light-cover DRA with LED was also measured. It was found that the LED has
negligible effects on the antenna performance, and therefore it is needless to take it into account
when designing the light-cover DRA.
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A Consideration of Grounded Helical Antenna for Coupled-resonant
Wireless Power Transfer

H. Hirayama, T. Amano, N. Kikuma, and K. Sakakibara
Department of Computer Science and Engineering, Nagoya Institute of Technology, Japan

Abstract— Basic characteristics of grounded helical antenna for coupled-resonant wireless
power transfer (CR-WPT) [1] are investigated. Since the CR-WPT transfers power by near-field
coupling between transmitting (TX) and receiving (RX) antennas, far-field radiation becomes
transmission loss for the WPT system. Grounded helical antenna has an advantage of low
radiation loss because it is electrically small antenna. Although the grounded helical antenna
has been used for wireless communication systems, detailed investigation is necessary for an
application of CR-WPT because it is used in the near-field region. Compared to the balanced
helical antenna [2], grounded helical antenna has an advantage that 1) antenna size can be
reduced, 2) unbalanced power supply can be directly connected, and 3) ground plane acts as a
shield.

At first, we demonstrate transmission efficiency and far-field radiation of grounded helical an-
tenna, whose diameter is 30cm, height is 10 cm, and working around 10 MHz by using MoM
simulation. Next, near electric- and magnetic-field distribution for 1 kW power transmission is
investigated to comply with ICNIRP guideline to protect human body. Finally, effect of a ground
size on transmission efficiency and radiation power is investigated. Experimental validation is
also demonstrated.
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A Compact Loop Antenna with Parasitic Split Ring for UHF RFID
Application

Kittima Lertsakwimarn, Rattapong Suwalak, and Chuwong Phongcharoenpanich
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang
Bangkok 10520, Thailand

Abstract— This paper presents a compact loop antenna with parasitic split ring for the reader
of the UHF RFID application. The proposed antenna is made up of the rectangular loop structure
(feeding element) and the parasitic split ring to reduce the overall antenna dimension. It is found
that the size can be decreased by 50% of the typical single loop antenna. The simulation is
carried out by using CST Microwave Studio program based on the Finite Integral Technique
(FIT). Furthermore, the antenna parameters are optimized using the Quasi Newton optimization
method. The effect of the antenna parameters on the impedance bandwidth are investigated in
this paper. The comparison between the simulation and experimental results are also discussed.
From the results, the antenna has the |S;| less than —10dB along the bandwidth of 12 MHz
(1.6%). It can be operated in UHF RFID system in Thailand of the frequency band from
920 MHz to 925 MHz. The omnidirectional beam is obtained with the maximum gain of 1.5 dBi
at the center frequency of 922.5 MHz. The antenna is designed on FR4-substrate. The overall size
of the proposed antenna is 51 mm x 38 mm x 0.8 mm (0.15A x 0.11A x 0.02)). It is easily embedded
inside handheld reader. Moreover, the proposed antenna is simple structure, low profile and easy
fabrication. Therefore, the compact loop antenna with parasitic split ring can be employed with
a handheld UHF RFID reader.
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Figure 1: Geometry of meander antenna.

Compact Size Antenna for Car FM Radio

Dau-Chyrh Chang!, Fong-Yi Lin!, Bing-Hao Zeng?, and Jay Chen?

!Oriental Institute of Technology, Taiwan
2Lorom Industrial Co. Ltd, Taiwan

Abstract— FM radio is almost required for any kinds of car. From the FCC regulation, the
frequency band for FM radio is from 8 MHz to 105 MHz. That means the wavelength the FM car
radio is around 3 meters. Due to the car environment, the size of antenna should be as small as
possible to reduce the wind resistance when the car is moving. For the size of quarter wavelength
monopole antenna for this band is about 75cm. It is large in length for the car. In order to
reduce the size of the monopole antenna, broadside mode helix antenna with height about 20 cm
is used for the traditional FM car radio. This paper describes a meander line antenna, which
is printed on FR4 with thickness 1.6 mm, is used for car FM radio. The geometry of the car
antenna is shown in Figure 1. The part 7 with green color is the printed circuit board FM
amplifier. During the simulation, it is the meter sheet and vertical mounted on the ground plane.
Figure 2 is the simulation model with the antenna and amplifier mounted on roof of car. Figure 3
is the simulated efficiency of the antenna. Figure 4 is the environment of performance test for
the antenna with amplifier and radio receiver mounted on the 1 meter by 1.5 meter ground. The
test result shows that there are 38 radio base station are received with good audio quality.

Figure 2: Simulation model with ground plane.
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Figure 3: Efficiency of meander antenna. Figure 4: Field test of FM car radio.
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Triple-band Circularly Polarized Small Microstrip Antenna with
Crank Slits

Takafumi Fujimoto and Akinori Tanaka
Graduate School of Engineering, Nagasaki University, Japan

Abstract— Authors have proposed a triple band circularly polarized small square microstrip
antenna (MSA) with two pair of L-shaped slits at each edge [1]. The antenna is excited at
the patch conductor by a single coaxial feed through the dielectric substrate at point which
lays around the diagonal. In order to radiate circularly polarized waves at the three frequency
bands, the dimension and the location of the L-shaped slits along the z-axis are different from
those along the y-axis. In [1], the operational principles of the antenna have been clarified by
simulation. The simulated axial ratios at the triple band are less than 2.0 dB. The antenna has a
good characteristic for circular polarization. However, the frequencies giving the minimum axial
ratio cannot be controlled at the triple band. Moreover, the bandwidths of —10dB return loss
with 3 dB axial ratio are very small (less than 1.0 MHz) at the triple band.

In this paper, a novel triple band circularly polarized small square MSA is proposed. The antenna
is fed by an L-probe coaxial feed for improvement for bandwidth. Moreover, the shape of L-slits
installed at each edge in [1] is changed to a crank shape for enhancement for tunable frequency
range. By parametric studies, the design procedure for tuning the frequencies giving the minimum
axial ratio at the triple band is obtained. Moreover, the proposed antenna is designed using the
design procedure for GPS (L1, L2, and L5 bands). The bandwidths of —10dB return loss with
3dB axial ratio at L1, L2 and L5 bands are 6 MHz, 4 MHz, and 4 MHz, respectively. The size of
the patch conductor is 0.17Az1, 0.13A12 and 0.11A 15, respectively (ALq: wavelength at La band).
The bandwidth of the proposed antenna satisfies the specification of GPS and is very small in
size.
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Gain Enhancement of Circularly Polarized Slender Antenna Using a
Wider Helical Element

Ye Zhang and Takeshi Fukusako
Department of Computer Science & Electrical Engineering, Kumamoto University, Japan

Abstract— This paper presents a gain enhancement of a small circularly polarized (CP),
slender helical antenna with a wider helical line installed in a limited space. The gain of the
helical antenna is increased to 0 dBic using a wider element width, which is higher by 6 dB than
previous study. The antenna can generate circular polarization in the normal direction to the
helical axis. A number of conventional circularly polarized antennas have roughly a square or
circular shape for generating two orthogonal, linearly polarized modes of equal amplitude with
a phase difference of 90°. The slender sharp antenna is novel and convenient for installation in
some devices. The measured and simulated characteristics of the antenna are in good agreement.
Furthermore, in order to apply the antenna to small handset devices, the antenna is installed on
a large ground plane (60 mm x 40 mm) to discuss the effect of the ground, since the AR is affected
by the radiation from both the antenna element and the large ground plane. Such planar and
slender shaped antenna is useful to be installed in handsets or used as RFID tags.

Helical element

Ground plane

W Feed plate

«—  40mm

Figure 1: Geometry of the proposed antenna. Figure 2: Geometry of the proposed antenna in-
stalled on a ground plane with a size of 60 mm x
40 mm.
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A New Method of Antenna Miniaturization

Li-Yuan Cheng and Fu-Chiarng Chen
Department of Electrical Engineering, National Chiao Tung University
1001 Tahsueh Rd., Hsinchu 300, Taiwan

Abstract— This paper presents a new method of antenna miniaturization. By adding a prop-
erly sized symmetric annular parasitic conductor to a folded dipole, image current can be induced
and total radiation length increased. In addition, the annular parasitic conductor with induced
current works as a one-wavelength loop antenna and resonates to radiate. Inductive reactance
is produced by the structure carrying the closed current loop to compensate for the capacitive
dipole antenna at a lower frequency. A large reduction in resonant frequency is attained. A
1.4 GHz printed folded dipole antenna with a meandered side is used as the baseline antenna.
This study integrates the baseline antenna with an annular parasitic conductor, achieving a re-
duction in resonant frequency from 1.4 to 0.87 GHz while maintaining good radiation properties.
The study finally examines the effects of the annular parasitic conductor on printed folded dipole
antennas and the physical mechanisms and principles that cause the resonant frequency drop.
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Transformation Bending Device Emulated by Graded-index
Waveguide

Y. Wang, C. Sheng, H. Liu, Y. J. Zheng, C. Zhu, S. M. Wang, and S. N. Zhu
National Laboratory of Solid State Microstructures
Department of Physics, Nanjing University, Nanjing 210093, China

Abstract— We demonstrate that a transformation device can be emulated using a gradient-
index waveguide. The effective index of the waveguide is spatially varied by tailoring a gradient
thickness dielectric waveguide. Based on this technology, we demonstrate a transformation device

guiding visible light around a sharp corner, with low scattering loss and reflection loss. The
experimental results are in good agreement with the numerical results.
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Figure 1: Schematic picture of graded-index waveguide around a right-angled corner.

(a) (b)

10pm

eight Ly

(©)

(d)

Figure 2: Microscopy interference pattern of the sample illuminated (a) by white light and (b) by a laser
at 633nm; (c) FIB image of a cross-section near the sharp corner; (d) thickness profile around the corner
retrieved from (b) and (c).
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Figure 3: (a) Schematic picture of waveguide; Figure 4: Fluorescence image of light propagation
(b) thickness dependence of effective mode index;  in the waveguide. (a) Light propagation along the
(c) effective mode index profile of the structure; boundary of waveguide; (b) light bending around the
(d) numerical simulation results of light propagat- sharp corner; (¢) mode splitting in thick waveguide;
ing around the corner. (d) radiation of a point source around the sharp cor-
ner; (e) magnified bending area taken from the frame
in (b).
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Resonantly Confined Modes in Optical Fibers with Circularly
Aligned High-index Rods

Yasuo Ohtera, Haruka Hirose, and Hirohito Yamada
Department of Communication Engineering, Graduate School of Engineering
Tohoku University, Japan

Abstract— Optical fiber-based sensing has become a key technology in a number of industrial
fields due to its robustness to electromagnetic noise, low power consumption and multi-point
detection capability. To improve the system’s sensitivity it is straightforward to sharpen the
wavelength dependence of the propagation characteristics (loss, etc.) of the fibers used. In
this paper, we demonstrate that a class of optical fibers having an array of high-index rods can
support highly wavelength dependent propagation modes. Fig. 1 shows a schematic view of the
fiber structure. High index rods are circularly arranged with a constant azimuthal pitch. This
rod array is a curved version of sub-wavelength grating [1], and exhibits guided-mode resonance
(GMR [2]) for radial component of propagating wave in the fiber. Owing to the high reflectivity
at GMR wavelength, fields are confined and guided along the center region of the fiber. As
the resonance condition is highly wavelength dependent, the propagation loss rapidly changes
along with the detuning from the resonance wavelength. Fig. 2 shows a dispersion relation and
mode field profiles of a resonantly confined modes (RGM, marked by “A”), and ordinary index-
guided mode (IGM, marked by B). All the calculation was carried out using compact 2-D FDTD
method [3]. Field profiles clearly show the feature of GMR: azimuthal standing wave pattern is
formed along the high-index rod array. According to the calculation of temporal decay rate of
each mode, the RGMs were found to have loss minima at a specific wavelength whereas IGMs have
no such characteristics. The existence of such minima implies the RGM’s potential usefulness as
a sensing probe, which detects environmental fluctuation via the change of propagation loss.
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Figure 1: Index profile of the cross section. Figure 2: Dispersion relation and modal field profiles of typ-
ical Resonantly Guided Modes (RGMs) and Index Guided
Modes (IGMs), respectively.
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Manipulating Electromagnetic Waves in Subwavelength Dimensions
by Meta-atoms

Bo Hou and Sucheng Li
School of Physical Science and Technology, Soochow University
1 Shizi Street, Suzhou 215006, China

Abstract— In this study, we demonstrate a type of structured metallic units, three-dimensional
H-fractals, in the microwave regime can behave like plasmonic spheres in optical frequencies.
The underlying physics lies in these fractal units support the long wavelength electromagnetic
resonances on their electrically small structure, which is revealed by our investigation on the
scattering property of the single unit. By assembling them into a chain, we show that the
microwave can be guided along the chain with the transverse confinement below the diffraction
limit, and the low-loss propagation constant. Both longitudinal and transverse mode can be
excited on the chain, respectively, via orienting these anisotropic meta-atoms. We conclude that
these meta-atoms are able to mimic localized plasmons at low frequencies, and may pave a new
way of manipulating electromagnetic waves in subwavelength dimensions.
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Terahertz Metamaterial Absorbers for Sensing and Imaging

P. Kung and S. M. Kim
Department of Electrical and Computer Engineering, The University of Alabama, Tuscaloosa, USA

Abstract— The development of devices and structures with functionality in the terahertz (THz)
portion of the electromagnetic spectrum is of great interest because of potential applications in
sensing and imaging in the THz, including molecular spectroscopy and medical imaging. One
of such devices is a THz absorber that has the ability to absorb THz radiation with specific
characteristics, including polarization, bandwidth, or multiband capability.

In this work, we present the design, finite-element simulation and characterization of thin, tun-
able, polarization insensitive metamaterial THz absorbers and develop a corresponding electrical
model for their absorption properties. We further propose a novel metamaterial structure with a
broadened bandwidth of absorption in the THz and with a little concurrent decrease in absorp-
tion strength. This concept is based on multiple band absorption and is achieved by bringing
absorption bands close enough to one another in a multi-layered pattern, which decreases the
negative interaction between rings and corresponding resonances. Physically, the structure con-
sists of multilayer concentric copper rings, interspaced with polyimide as the dielectric and a final
copper plane to reflect selected frequencies back into the absorbing layered rings. These rings
are tightly stacked in order to reduce their destructive interaction compared to when the rings
are all placed on the same plane normal to the incident wave. The periodic absorber structures
are fabricated using lift-off photolithography and their characteristics measured in a THz time
domain spectrometer that provides a broad THz emission band. The absorption spectra obtained
are shown to be in good agreement with the design and simulation results.
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Anisotropic Guidance Correction on the Analytical Design
Approach of Thin-film Photonic Liineburg Lens

Hanhong Gao', Baile Zhang? 3, and George Barbastathis® ¢

!Department of Electrical Engineering and Computer Science
Massachusetts Institute of Technology, Cambridge, MA, USA
2Division of Physics and Applied Physics, School of Physical and Mathematical Sciences
Nanyang Technological University, Singapore
3Singapore-MIT Alliance for Research and Technology (SMART) Centre, Singapore
4Department of Mechanical Engineering, Massachusetts Institute of Technology, Cambridge, MA, USA

Abstract— GRadient INdex (GRIN) media such as the Liineburg lens, provide rich opportuni-
ties for light manipulation. In our recent paper [1], an all-analytical method has been proposed to
account for the thin-film effect existing in most nanostructured optical devices, and an aperiodic
thin-film metamaterial Liineburg lens has been designed accordingly. This approach calculates
the effective refractive index of each unit cell from waveguide dispersion relation, assuming that
the finiteCheight aperiodic lattice layer can be replaced by a certain continuum isotropic medium.
This assumption is perfectly fine for transverse magnetic (TM) mode, where the electric field is
always parallel to the interfaces of the effective waveguide; however, for transverse electric (TE)
mode, the electric field is no longer fixed at the perpendicular direction, but instead varying
when the light bounces back-and-forth between the two waveguide interfaces. Since electric field
sees different structures (thus different effective permittivities) along parallel and perpendicular
directions, this effective continuum medium should be anisotropic, at least for TE mode.

Here we developed an anisotropic guidance condition correction to improve the design of nanos-
tructured GRIN lenses. Since the effective medium for thin-film nanostructure layer is now
anisotropic, we first calculate analytically the effective permittivities parallel and perpendicular
to the waveguide interfaces, noting that the optical axis of this effective birefringent layer is per-
pendicular to the interface. Then the guidance condition for anisotropic asymmetric waveguides
was derived. We used it to calculate a new effective index of unit cell based on the corresponding
anisotropic waveguide dispersion relation. Results show that the effective refractive index curves
estimated with this anisotropic correction agree better with rigorous numerical results. Also, the
performance of corrected Liineburg lens has been compared with the original design, and verified
with 3D finite-difference time-domain (FDTD) method.
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Operational Slow Line Underpinned by a 1D Metamaterial

D. Dowlett, T. Ditghi, E. Géron, and J. Lucas
Laboratoire de Physique et d’Etude des Matériaux, ESPCI-ParisTech
UPMC Univ. Paris 06, CNRS UMRS8213, 10, Rue Vauquelin, Paris 75005, France

Abstract— Many hyper frequencies applications require slow lines. They can be used as delay
lines, for data buffering, or to increase interactions between the electromagnetic wave and matter
by increasing the interaction time as in electro-optic applications [1]. There are two ways to obtain
a significant delay using a line. Whether a long line is used or it is possible to use shorter lines
if the electromagnetic velocity is significantly smaller. In some radar applications, the required
delays are very large. They imply such length that they are realized using optical fibers.

Without dispersion, the only way to obtain a slow velocity in a line or a material consists in using
high dielectric constant material. Unfortunately only small velocity reduction can be obtained this
way. It is possible though to obtain large velocity reduction by taking advantage of dispersion.
Many applications are not wide band and can therefore withstand smaller bandwidth. It is
possible to obtain a significant velocity reduction when the line or material is resonant over the
considered bandwidth. Many works based on this effect have been carried out recently [2]. In
this paper, we propose to use the properties of some metamaterial lines to obtain the same result.

In this work, we demonstrate how to calculate the required gain to obtain a given group velocity
reduction using the Kramers-Kronig relations [3] and how it applies to 1D metamaterial lines.
The design of the line is then checked using a circuit simulation software that only can take into
account some internal propagation phenomena. At this point, the losses in both substrate and
lumped components as well as impedance matching with the standard 50 {2 lines are taken into
account.

Finally the results obtained with a prototype are presented. The usability of such a system to
obtain large delays is verified and discussed focusing on ability to transmit data over such lines.
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An Optimized Design of Cylindrical Acoustic Cloak with Two-phase
Isotropic Layered Composites

C. N. Weng, W. H. Chung, and T. Chen
Department of Civil Engineering, National Cheng Kung University, Tainan, Taiwan

Abstract— Acoustic cloaks designed by transformation techniques, as an analog of invisibility
cloak, can hide objects form the detection of acoustic wave. Such cloak requires a material with
inhomogeneous bulk modulus and anisotropic density to guide propagation direction of waves,
and thus it is a challenging task from the fabrication viewpoint. In this work, we present an
optimized design of cylindrical multilayered acoustic cloaks by adjusting the material parameter
and layer thickness corresponding to a given incident frequency. Through the proposed optimiza-
tion procedure, a simple cloak structure which consists of a multilayered composite made of only
two isotropic materials is presented. In addition, with suitable constraints in calculations, the
material parameters can be restricted within a certain range so that the constituent materials
are close to nature materials. A selected example for underwater acoustic cloak comprised of
the combination of a low density and a high density solid is demonstrated in our study. It is
shown that the low density layer can be properly chosen as a conventional material, while the
high density layer can be manufactured by composites or metamaterials. The thickness for each
layer could be varying. Numerical simulation by finite element method is performed to verify the
efficiency of cloaking effect and the field distributions are demonstrated. The presented optimized
design can substantially reduce the total number of required materials. This means that it is
more feasible in practice to fabricate an acoustic cloak.
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Energy Sinks in Optics of Metamaterials: Fundamentals and
Applications

Vasily Klimov
Lebedev Physical Institute, Russian Academy of Sciences, Russia

Abstract— Due to energy conservation law the energy emitted by one body (source) will be
always absorbed by other bodies (sinks). Usually people do not worry about sinks because far
fields are of primary interest. However in nano-optics and especially in nano-optics of metamate-
rials the role of sinks becomes very important. In fact even in usual media (vacuum) absorbing
point dipole drastically disturbs the field distribution (Fig. 1) and can be neglected by no means
(see Fig. 1).

In the case of closed cavities and metamaterials the situation becomes more complicated because
in the stationary lossless regime strong spatial singularities arise there. From our point of view
these singularities indicate that sinks (absorbers, detectors) should be explicitly incorporated
in description of wave phenomena in metamaterial [1-3]. Our approach is not to try to avoid
the appearance of new singularities by overdamping or changing geometry, but to include these
singularities into wave propagation theory. So we suggest to put real sources and sinks (absorbers)
in the places of possible singularities and to see what will happen. This expanded description
results in new systems which turn out to be full of new physical sense. Moreover, such systems
can serve as a base for a development of new applications of nano-optics. We have analyzed
several negative refraction geometries (slab, sphere, wedge etc.) and closed elliptical cavities
where singularities appear in formal solution of Maxwell equations. In all cases we found that
it is possible to attribute real physical meaning to them. As an example of possible application
of our paradigm the scheme of a perfect nano-absorber is shown in Fig. 2. It is proved by
full scale simulations that this system can absorb 100% of wide angle incoming energy in deep
subwavelength region. Other applications of our paradigm (e.g., preparation of entangled states
of atoms for quantum computers) will be also discussed.
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Figure 1: Resonant light absorption by point dipole. Figure 2: Schematic diagram of a perfect nanoab-
sorber based on our paradigm.
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Engineering Transmission and Group Delay in Active Plasmonic
Waveguide with Slightly Detuned Resonators
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Abstract— An active plasmonic waveguide with a pair of slightly detuned resonators is in-
vestigated in the window of plasmon-induced transparency (PIT). The phenomenon is studied
by a phase map of power transmittance for varying gain coefficients and frequency detunings.
The gain coefficient for lasing oscillation condition is shown to vary quadratically with the fre-
quency detuning of the two resonators, which is consistent with an analytical derivation based
on coupled mode theory after considering gain contributions. In the amplification regime, the
plasmonic wave will not only have large group delay compared to that in the bare structure
without resonators, but also have high transmittance and narrow linewidth. This is in contrast
to those in the loss-compensation regime and the passive case in which there always exists a
tradeoff between the linewidth and the peak transmittance. All the results are demonstrated by
finite element simulations.
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Flat Dispersion Eigenmode Drives Perfect Imaging in DNG Slab

G. Rosenblatt, G. Bartal, and M. Orenstein
Department of Electrical Engineering, Technion, Israel

Abstract— First suggested by Pendry, perfect imaging using a slab made of a double-negative
(DNG) medium, having both negative permittivity and permeability as envisioned by Veselago,
has for some time now been in the forefront of much scientific research and debate. Surprisingly,
the single DNG interface configuration was mainly sidelined in the process by its two-interfaced
counterpart (slab) and given relatively little attention — it was nevertheless shown, by Ruppin
and Kivshar’s group, to support an either forward or backward surface wave eigen-mode in both
polarizations.

Still, a unique quality of the single DNG interface has been overlooked, in between its forward
and backward wave regimes: the possible formation of a completely flat dispersion band at both
polarizations simultaneously — allowing all propagation constants  to be uniformly supported
by the structure at a certain frequency.

Herein, we show that perfect imaging in a DNG slab stems from this flat-band single interface
eigen-mode. The connection is made clearer by careful examination of the DNG slab’s own
eigenmodes: besides the usual symmetric and anti-symmetric modes an additional modal solu-
tion exists — a non-interacting combination of a confined and a virtual single-interface mode,
resulting in a field distribution exponentially decreasing from one side of the slab while increas-
ing from the other (Fig. 1). Retaining the single-interface dispersion relation, this mode allows
uniform transmission via the DNG slab — establishing an association with Pendry’s perfect lens,
constituting our main theme.

This approach makes studying the DNG slab’s efficacy as a perfect lens, under less ideal circum-
stances (the inclusion of losses for instance), straightforward. It is shown that these result in
the flat band not being fully attained (Fig. 1 on the right) introducing a limitation on spatial
resolution. These findings are shown to fit transmission based analysis.
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Figure 1: Dispersion curves for a lossless DNG slab (eigen-mode field distribution inset), and a zoomed
section on the right showing the non-symmetric mode in multiple cases that include increasing losses. Drude
form is used for both epng and ppng with the same plasma frequency wy,.
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Topological Magnetoelectric Fields for Microwave Biosensing

E. O. Kamenetskii, R. Joffe, and R. Shavit
Microwave Magnetic Laboratory, Department of Electrical and Computer Engineering
Ben Gurion University of the Negev, Beer Sheva, Israel

Abstract— The rapid rate of adoption of mobile wireless communications has resulted in
public concern about the health hazards of microwave fields emitted by such devices. Direct
inspection of biological structures in microwave frequencies and understanding of the molecular
mechanisms of microwave nonthermal effects is a problem of great importance [1]. Nowadays
microwave biosensing lacks the spatial resolution to probe structural characteristics of chemical
and biological objects [2, 3]. In contrast, optical biosensing has benefitted from in a large variety of
such specialized tools. In particular, the resonant interactions between plasmon (or electrostatic)
oscillations of metal nanoparticles and electromagnetric fields has become a powerful technique
for chemical and biological sensing [4]. For biomedical diagnostics and pathogen detection, special
plasmonic structures with left- and right-handed optical superchiral fields are effectively used [5].
Since resonance frequencies of plasmon oscillations in small particles are very far from microwave
frequencies, the main ideas and results of the optical subwavelength photonics cannot be used
for microwave biosensing. Nevertheless, there exists another type of subwavelength particles
which show effective resonant interactions with microwave fields. There are small ferrite particles
with magnetostatic (MS) (or MS-magnon) oscillations. The near fields of these particles are
microwave superchiral fields with strong localization of energy [6-8]. The aim in this paper is to
show unique properties of microwave devices with chiral probing fields to solve the problem of
effective microwave characterization of chemical and biological objects.
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Real-time Study of Sinusoidal Electromagnetic Fields Induced
Intracellular [Ca®*]; Responses in the Osteoblast Cells

Guixian Meng, Leiting Pan, Xiaoxu Wang, Taojie Bao, Haiying Sun, and Imshik Lee
The Key Laboratory of Weak-Light Nonlinear Photonics, Ministry of Education
School of Physics and TEDA Applied Physics School, Nankai University
Tianjin 300457, China

Abstract— The biological effects of electromagnetic fields (EMF) have been paid increasingly
attention for a possible electromagnetic pollution. Although scientists have done extensive re-
searches about extremely low frequencies (ELFs) EMF and its influence on tissues and cells,
controversies of its effects still exist. Some studies reported intracellular calcium concentration
([Ca?*];) changes induced by EMF, while some researches gave opposite or negative results, even
under same conditions occasionally. In this paper, with osteoblast cells as targets, we did real
time observations of [Ca?*]; dynamics stimulated by ELFs sinusoidal EMF (SEMF). Osteoblast
cells labeled via calcium fluorescent indicator Fluo-3 AM, were examined on inverted fluorescence
microscope. Each group was carried in terms of the magnetic flux density and the frequencies,
and SEMF of different conditions acted on cells for about 2 min. Here, we first observed remark-
able calcium waves from nucleus to cytoplasm in osteoblast cells induced by SEMF at 1.1mT,
100 Hz. The calcium waves from nucleus indicated that [Ca?T]; responses to SEMF in osteoblast
cells might be due to the signal paths associated with IP3 and intracellular calcium stores, in
spite of Ca?t influx, which was also proposed in other investigations of osteoblast cells prolifer-
ation exposure in SEMF. Furthermore, there were the series of discrete frequency windows in a
given intensity of 1.1 mT or 1.8 mT. These offered positive results for the window effect of EMF
biological influence. In addition, in our previous work, [Ca?t]; responses to Pulsed extremely
low frequency (PELF) were founded at 0.8 mT, 50 Hz. Consequently, in osteoblast cells, [Ca?*];
could respond to SEFM as well as to PELF.
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Molecular Dynamics Simulations of Vesicles in Electric Fields

Xiaowei Zhao!, Jianhua Zhang' 2, and Qinghuo Liu®
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Abstract— We use coarse grained molecular dynamics (CGMD) simulations to study the
effects of electric fields on vesicle, a cell-size membrane system. The initial structures of vesicles
are prepared via the aggregation of various lipids in the simulations. The different processes of
vesicles in the electric fields, such as electrodeformation, -poration and -fusion, are considered.
The influences of the composition of vesicles and the nature of ions are also examined during
the processes. Our simulations conform that the behaviors of vesicles are significant affected by
the external electric field. The simulations describe the atomic details of the deformation of a
vesicle from a sphere into an ellipsoid in electric fields. The shapes of vesicles in the electric fields
are mainly depended on the different conductivity conditions and various field frequencies. The
electrical breakdown of fluid lipid bilayers induced by strong electric pulse leads to formation
of pores. The relaxation behavior of vesicles after the end of the pulse depends on whether
the membrane was porated or not. In our simulations, the fusion of two vesicles is observed to
proceed several stages: vesicles deformation, membrane proximity and contact, local perturbation
of bilayer structure, formation of fusion pores or necks, and subsequent expansion of these necks.
The nature of ions also play an important role in the fusion of vesicles. The results are in a
good agreement with experimental observation and provide new insight into vesicle in electric
field at atomic scale. The molecular dynamics studies of vesicles can help improve fundamental
knowledge about the complex behaviors of cells and membranes in electric fields and can inspire
novel practical applications.
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Do Microwaves Induce Free Radicals in Food or Tissues?

John Osepchuk!, Robert Schiffmann?, and Chung-Kwang Chou?
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3Motorola Solutions, Inc., USA

Abstract— Statements from a radiologist at a Taiwan Veterans Hospital have been frequently
quoted as health advice in internet articles. He claims that “microwave ovens use electromagnetic
waves with one less positive electron and the vibration of water to make the food hot. Thus,
microwave-heated food can easily contain free radicals that can cause cancer.” The doctor rec-
ommended “use of the microwave only once in a while for convenience, but preferably as little as
possible.” His statements are false claims and offer the wrong advice to the general public. This
presentation is made to correct the misinformation.

Microwave ovens are now a universal item in the world with an estimated over 1 billion ovens.
These appliances are designed to heat or cook foods and have been regulated by government
authorities since the 1960’s. The U. S. Government in 1968 officially determined that microwave
energy was an alternative and safe method for heating, i.e., the effect is just heating. The
government authorities, worldwide, continue to approve the microwave oven as a safe appliance
for heating and cooking food. The FDA continues approval with oversight as in the “Food Code”
and education of the consumer. This has been supplanted by the oversight of the U.S. Dept. of
Agriculture (USDA), which is proactive on food safety and microwave ovens. In these government
websites, there is no discernible or serious review of allegations of “free radicals” as a unique result
of microwave heating or any other form of heating.

The claims of “free radicals” from microwave heating are widespread, especially on the Internet,
but because these are rumors and not the results of science — either theory or experiment
— the rebuttal of these claims is not formalized. Instead, there are numerous dismissals of
the “free radical” claims by brief or anecdotal comments. Many dismiss the possibility of free
radical formation under microwave heating on the basis of fundamental physics, i.e., the very
small quantum energy of microwave photons is insufficient to alter the energy levels of electrons
in atoms or molecules. This is the substance of many rebuttals, especially that by Dr. Lou
Bloomfield of the University of Virginia, who maintains a popular website on “How things work”
and is often cited at authoritative sites like those of the FDA or USDA. There is never enough
microwave quantum energy delivered to a single molecule to shatter that molecule and form
a free radical. While ultraviolet light carries enough quantum energy per photon (particle of
light) to split a molecule and form a free radical, microwave radiation carries very little quantum
energy per photon. That’s why microwave photons can’t do chemical damage the way ultraviolet
photons can.

The case against the possibility of “free radical” generation is strengthened by much research on
high-power effects in microwave processing of materials, where some suspected a “microwave”
(nonthermal) effect along with strong heating. Most research, however, concludes that the effects
are thermal and do not include a specific “microwave” effect. The burden of proof remains on
those who claim other than heating as a mechanism such as free radicals for observed microwave
bioeffects.
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The Application of Electrochemotherapy in Medicine

Jing-Hong Li and Yu-Ling Xin
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China-Japan Friendship Hospital, Beijing, China

Abstract—

Objective: To evaluate the efficacy and safety of electrochemotherapy in treating venous mal-
formations.

Methods: Electrochemotherapy was applied to 665 patients with venous malformations of limbs
and trunk, and 505 cases were followed up for half to 6 years. 228 male and 277 female patients,
aged 2-59 years and 17.5 years old on average, were involved. The platinum electrodes were
inserted into tumor through a trocar with plastic insulating cannula percutaneously and con-
nected with the electrochemical therapeutic apparatus in anodes and cathodes separately. The
treating voltage is 6-12'V and current 100-180 mA, the total electricity used is in general 80-100
coulombs per 1.0 square centimeter of tumors’ area. The treating time was usually from several
dozen minutes to over 2 hours depending on the size of the tumor. The severe cases which needed
to be treated once again usually were operated after 6 months.

Results: The primary efficacy end point was defined as an improvement of patients’ symptoms
and a reduction in size of tumor 6 months after treatment. Effects were divided into 4 grades
according to WHO guidelines for solid tumors. Grades 1, 2 and 3 are regarded as effective. The
efficacy turned out that 30.1% (152/505) of patients was classified as grade 1; 46.3% (234/505)
as grade 2; 19.0% (96/505) as grade 3 and 4.6% (23/505) as grade 4.

Conclusion: Electrochemotherapy shows special superiorities in treating venous malformations.
It might bring a confirmed clinical efficacy with the advantages of less injury, quick recovery,
simple operation and less complications.
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Thermal Dosimetry and Thermodynamics of In Vitro RF Bioassays
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Abstract— RF-exposed cell preparations require detailed analysis of the specific absorption
rate (SAR) distribution and related thermally-driven dynamic effects in the medium. In compar-
ison to the biological cells under test, the medium absorbs the bulk of the RF power transferred
from the incident field. Whereas the sham-exposed preparation is in static equilibrium with the
incubator environment, the exposed medium is in a dynamic equilibrium, with heat flow patterns
created by nonuniform SAR distributions. However, dynamical effects of RF power transferred
to the medium have not always received due attention. Consequently, diffusion-limited heat
flow determines potential nonuniformities of temperature and fluid transport that may affect
the nutrients available to cells. We focus on the important dosimetric implications of the liquid
geometry in a Petri dish, test tube or flask, particularly if the meniscus has a significant fraction
of the total liquid volume. For a given incident RF field, the geometry (volume and shape) of
the medium and of the liquid meniscus are major influences on RF exposure of cell monolayers
growing on the bottom surface of the exposure vessel. For shallow depths, the meniscus enhances
SAR at the bottom surface, therefore heating the medium there more rapidly. The geometry
of Petri dishes and flasks is unfavorable to convection phenomena because the least exposed lig-
uid layer lies only a few mm above the bottom. Even if there is a peak SAR stratum at the
bottom of the dish, its distance from the least exposed layer of liquid is only a few mm. Thus
temperature diffusion prevents fluid mass buoyancy flow. However, test tubes with greater than
5mm of liquid are much more favorable to convection because the medium with highest SAR
occurs at a considerable vertical distance from the layer with least exposure. These observations
are important because potential thermodynamic events in the medium may affect the validity
of attempted replications of in vitro studies in cases where the exposure vessel shape and liquid
volume have important influences. As a result, cells in the exposed medium do not experience
temperatures and access to nutrients that are the same as for the sham-exposed control, despite
identical incubator temperatures and good heat transfer from the exposure vessel.
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Calculation of SAR and Temperature Increase in Human Bodies
Due to on-body Communications at 900 MHz

Hsing-Yi Chen and Heng-Ming Lee
Department of Communications Engineering, Yuan Ze University
135, Yuan-Tung Road, Chung-Li, Taiwan 32003, Taiwan

Abstract— On-body communication systems have attracted much notice in industries and
academic studies. However, the on-body communication system consists of numerous sensors
placed in proximity to the human body. Public concern regarding potential health hazards due
to the absorption of electromagnetic (EM) energy emitted from on-body transceivers has also
been growing. Therefore, it is important to investigate the EM energy absorption in a human
body due to the radio frequency (RF) EM fields emitted by the on-body transceivers. In this
paper, the SAR and temperature increase in an inhomogeneous human model wearing clothes
were studied by using the finite-difference time-domain (FDTD) method under the irradiation
of a patch antenna located at different locations on the human body surface at 900 MHz. From
simulation results it is found that the highest layer-averaged SARs are in the order of 10™% to
1073 W /kg for the patch antenna located on different locations on the human body surface, which
is far below the ANSI/IEEE safety guideline of 1.6 W /kg for 1g of tissue or 2 W /kg for 10 g of
tissue in uncontrolled environments. It is also found that the maximum temperature increases
of 1.2 x 1073°C and 6.3 x 107%°C occur in the left chest for 1g of tissue and 10g of tissue,
respectively. The maximum temperature increase of 1.2 x 1073°C is also far below the threshold
temperature increase of 4.5°C for neuron damage for more than 30 minutes and the temperature
increase of 10°C for thermal damage in the skin.
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Normalization of the Peak Spatial Absorption Rate for the
Simulation of Wireless Communication Devices

Jafar Keshvari and Andreas Christ
Corporate Development Office, Nokia Corporation, Keilahdentie 2-4, Espoo 00240, Finland

Abstract— Mobile phone compliance testing is routinely performed through a very time con-
suming and expensive test procedure. Although the numerical modelling is theoretically easy and
significantly faster and cheaper method to assess the compliance of the wireless communication
device, but the accurate numerical modelling of commercial mobile devices is not an immediate
task especially when considered with the head phantoms. One of the main challenges to deal
with meaningful results is the question of how to normalize the simulated results.

The first approach is to calculate the source powers. This implies that the ratio of the simulated
accepted power and the measured radiated power is equal to the ratio of the measured accepted
power to the radiated power of the simulation. A more manifest approach could be based on
the assumption that the ratio of the radiated power to the accepted power of measurement and
simulation is equal. However the measurements and simulations of realistic mobile phoens have
shown that this is not the case for the model used. As a consequence, the power dissipated
in the dielectric materials (PCB, antenna support, case, etc.) of the numerical phone model is
different from the actual situation. An alternative to normalization could be the adaptation of
the dielectric losses in the phone such that this equation is fulfilled: ITDRP sim — LRPocas

ace-sim Pace_meas

In this presentation, first different parameters which the results can be normalized to will be
discussed, and then the relevance of each parameter as a normalization factor in the different
scenarios will be analyzed.
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Evaluation on Electromagnetic Interference of Implanted Cardiac
Pacemaker by Mobile Phone

Yuta Endo', Kazuyuki Saito! 2, Soichi Watanabe?, Masaharu Takahashi', and Koichi Ito!

LChiba University, Japan
2National Institute of Information and Communications Technology, Japan

Abstract— In recent years, electromagnetic interference (EMI) on implanted cardiac pace-
makers due to mobile phone has become a large concern. As a result of the previous studies, it
was concluded that a connector between the pacemaker housing and the lead wire of the elec-
trode plays a measure role for the EMI due to mobile phones. Moreover, in the study with a
half-wavelength dipole antenna employed as a radiator of electromagnetic waves, EMI was more
likely to occur when feeding point of the antenna faced the connector of the pacemaker. From
these results, in the case of mobile phones, EMI possibly depends on the intensity of magnetic field
around the connector. Here, in the previous studies, dipole antenna or monopole antenna loaded
to a metallic case which simulates the PCB, battery and etc. were mainly employed as a mobile
phone model. However, recent mobile phones are generally equipped with an embedded antenna.
Furthermore recent mobile phone systems are operated at higher frequencies, i.e., 2 GHz while
lower frequencies around 900 MHz have been assumed in the previous studies. In this study, the
mobile phone with the embedded antenna was modeled with a planar inverted-F antenna (PIFA)
mounted on a metallic case and the interference voltage induced at the pacemaker was calculated,
in order to evaluate the characteristics of the EMI due to the mobile phones with existing system.
It is consequently shown that the PIFA have different characteristics of the interference voltage
from those of the half-wavelength dipole antenna and interference voltage strongly depends on
the intensity of magnetic field around the connector.
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Physical Models and Validation for L-band Radar Backscattering
from Vegetated Surfaces

Tien-Hao Liao!, Leung Tsang', Xiaolan Xu?, Huanting Huang', and Seung-Bum Kim?

IDepartment of Electrical Engineering, University of Washington, Seattle, WA 98195-2500, USA
2Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA

Abstract— In this paper, we present forward physical models of the microwave backscattering
from a vegetated terrain at L-band. The physical models have applications in NASA SMAP
(Soil Moisture Active and Passive) mission, Aquarius, PALSAR, UAVSAR, etc. In SMAP, the
backscattering, VV, HH, and VH are pre-calculated as a function of three parameters, viz. rms
heights (s), soil moisture (mv), and vegetation water content (VWC). These pre-calculated tables
are known as data cubes. Pre-calculated data cubes from forward models are used to estimate the
backscattering from vegetated surface and also are applied to retrieval algorithm. The vegetated
surface model includes a layer of vegetation on top and the rough soil surface below.

For the scattering of waves by soil surfaces, the random rough surface is considered as a lossy
dielectric medium and is characterized by Gaussian random process with exponential correlation
functions. A hybrid UV/PBTG/SMCG method is developed to accelerate Method of Moment
solution. Results are illustrated for bistatic scattering and backscattering. Lookup tables have
been prepared for both co-polarization and cross-polarization of backscattering for a range of soil
moisture, rms heights and correlation lengths. They are also validated with measurement data.
We also calculated the Mueller matrix to study the full polarimetric signatures of backscattering
from rough soil surfaces.

For volume scattering in vegetation, we have implemented body of revolution (BOR), discrete
dipole approximation (DDA) as well as infinite cylinder approximation, and thin radius approx-
imation for scatterers of simple shapes including cylinders, ellipsoids, and disks. These are used
to model branches, stalks, and leaves in vegetation. By using the distorted Born approximation,
the results of backscattering of vegetated surfaces are expressed in terms of volume scattering,
surface scattering, and double bounce scattering. Data Cubes have been generated for a variety
of crop types, including corn, soybean, wheat, as well as grassland. In this paper we show the
validation of data cubes with SGP99, SMEX02, and SMAPVEXO0S field measurements as well
as with recent SMAPVEX12 data. The application and comparison with Aquarius data are also
shown.
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Applicability of SSDC Method for SNR Evaluation on Hyperion and
HJ-1A Hyperspectral Data

Xinhong Wang, Bo Zhu, Hongbing Niu, Lingli Tang, and Guangzhou Ouyang
Academy of Opto-Electronics, Chinese Academy of Sciences, China

Abstract— The signal-to-noise ratio (SNR) is one of the most important indices to a sensor’s
performance, and it has significant influence on various remote sensing applications. Several
typical SNR estimation algorithms have been developed based on different standpoints. The
Spectral and Spatial Dimensional Correlation (SSDC) method developed by Roger et al. is said
to be a reliable and automatic means to estimate the noises affecting the bands of a hyperspectral
image. The method can be used for both reflectance and emissivity images. SSDC is also
considered to be a fast and accurate method. With the development of remote sensing technology
and the emergence of new types of sensors, hyperspectral imaging principles and methods are
continuously modifying. So it is necessary to analyze the applicability, accuracy, and stability of
the SSDC method with respect to different sensors, and in comparison with other SNR algorithms.
In the end, a best method suitable for estimating the SNR on current conditions could be chosen
and employed.

In this paper, two images, one from the “Hyperion” sensor aboard the EO-1 satellite and one
from the “HSI” sensor aboard the HJ-1A satellite (Chinese first environment monitoring satellite),
which were acquired at different time but in the same area, are used to calculate and estimate
the SNR. The results derived by SSDC method were compared with those derived by the Local
Standard Deviation (LSD) method of Gao. The imaging principle of the “Hyperion” data belongs
to grating induced spectrometry, while the “HSI” employs the technology of interferometric
spectrometry. By analyzing the calculated results of the two images, some key points were
found:

Firstly, the calculated result by SSDC method is more accurate than the result by LSD method for
the “Hyperion” image. Because land surface reflectance is usually smooth in spectral dimension,
there are strong correlation among the signal values of several adjacent bands in a hyperspectral
image. And according to the correlation, it is reasonable to estimate the signal value of current
band by its adjacent bands. However, the result derived by LSD method, which depends on the
size, the scene content and the complexity of surface features, is not stable enough. Moreover,
the LSD method does not take into account the changes in signal values between bands, and this
also affects the accuracy of the result by LSD method to some extent.

Secondly, when comparing the result by SSDC method with that by LSD method for the “Hy-
perion” image, the former is more reasonable and more stable. But in the case of “HSI” image,
the SNR calculated by SSDC is far greater than that by LSD method and seems too high to
be credible. It means that SSDC is not suitable to assess the SNR for the “HSI” image. This
is mainly because the noise in the “HSI” image has certain correlation between adjacent bands,
like the signal acts. When assessing the SNR for the “HSI” image data by SSDC method, the
“residual” values (an estimate of noise level) are very small, so the estimated noise standard
deviation will be very small, leading to a much greater final SNR results than any other methods.
While according to the LSD method, there is no need to calculate the residuals. So the results by
LSD method will not be affected by the spectrally correlated noise in the hyperspectral image.

Finally, the stability of SSDC method is superior to that of LSD method. On one hand, the
limitations of L.SD method lead to a less stable SNR. On the other hand, SSDC method can
calculate on the whole image regardless of the sub-block size, homogeneity or the complexity of
the surface features. In addition, the SSDC method takes into account the inter-band information,
and the algorithm in fact is mainly based on the inter-band correlation. It means that the SSDC
method is affected by spatial inhomogeneity less than others which mainly depend on spatial
information.

In brief, the SSDC method is suitable for estimating the SNR, for hyperspectral images observed
by non-interferometric spectrometry, and under this circumstance, it behaves better than the
LSD method. But it is worth noting that SSDC method is likely to yield abnormally high SNR
estimations, when it is applied to an interferometrically imaging hyperspectral data like “HSI”.
While in this case, the LSD method will be a relatively better choice.
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3D Active Imaging Models and Systems to See through Adverse
Conditions: Application to the Surveillance of an Aircraft
Environment

N. Riviere', R. Ceolato', E. Bernard', L. Hespel', and M. Renaudat?

IThe French Aerospace Lab, Onera, Toulouse 31055, France
2Sagem Security and Defense, Massy 91344, France

Abstract— Onera, The French Aerospace Lab, develops and models 2D and 3D active imaging
systems to understand the relevant physical phenomena impacting on their performances. As a
consequence, efforts have been done both on the propagation of a pulse through the atmosphere
(scintillation and turbulence effects) and, on target geometries and their surface properties (ra-
diometric and speckle effects). But these imaging systems must operate at night in all ambient
illuminations and weather conditions in order to perform the strategic surveillance of the envi-
ronment for various worldwide operations or to perform the enhanced navigation of an aircraft.
Onera has implemented codes for 3D laser imaging systems. As we aim to image a scene even
in the presence of rain, snow, fog or haze, we introduce such meteorological effects in these nu-
merical models and compares simulated images with measurements provided by commercial and
home-made imaging systems.

Current vision systems are designed to perform in clear weather. In any outdoor application,
there is no escape from “bad” weather. Weather conditions differ mainly in the types and sizes
of the particles involved and their concentrations in space. Efforts have gone into evaluating the
influence of particle size and concentrations for a variety of conditions. Given the small size of
air molecules, relative to the wavelength of visible light, scattering due to air is rather minimal.
We will refer to the event of pure air scattering as a clear day (or night). Larger particles (rain,
snow, fog, haze, dust wind ...) produce a variety of weather conditions which we will describe
in the full-paper.

Most critical bad weather conditions are linked to disruptive events introducing low visibilities and
a disorientation of an aircraft on a taxiway. Snow could introduce a loss of the visibility. Moreover,
light elements are dimmed, the surrounding is turned white and, in case of associated wind, pilot
lost his bearings. Fog events with direct sunlight turn white or blurred the surrounding. A strong
rain induces specular reflection and whiteout: this phenomenon is generally limited to less than
30 minutes but induces traffic delay on an airport. Sandstorm and smoke reduce the surrounding
perception. Rain and snow could increase stopping distances and pilots need to anticipate. As a
consequence, the pilot workload increases with such bad weather conditions.

We developed a complete end-to-end model to simulate images obtained with a 3D laser imaging
system. The laser source and the propagation of the laser pulse through the atmosphere (including
bad weather condition) would be described. The process of the pulse reflection on 3D objects
would be explained as the optical properties of the materials are modified under bad weather
condition. We also model real sensors adding noises to the signal. We will enhance the relevant
physical phenomena impacting on the performances of active imaging systems under bad weather
condition.
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Time Series of Polarimetric Intensity and Coherence over Tropical
Forest: Rainy and Dry Season

A. Hamadi?, C. Albinet?, P. Borderies®, T. Koleck" 2,
F. Rocca?, S. Tebaldini*, T. Le Toan?, and L. Villard?

LCNES, Toulouse, France
2CESBIO, Toulouse, France
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Abstract— This abstract deals with ground experiments related to the future spaceborne
BIOMASS mission for global forest biomass estimation.

Tropical forests present the major part of the world forest biomass and their changes in biomass
by deforestation and/or by forest regeneration affect strongly the terrestrial carbon budget. To
measure with accuracy tropical forest biomass and its temporal change is one of the objectives
of the BIOMASS mission [1], a candidate for the European Space Agency 7th Earth Explorer
Mission.

The possible retrieval algorithms currently developed for BIOMASS are based on the use of
backscatter measurements derived from intensity, polarimetry and interferometry. However, these
quantities are subject to evolution with the life cycle and the meteorological conditions at very
different time scales, ranging from a few minutes to days, months... with the possibility that
their changes may affect the inversion algorithms.

A ground experiment has been set up to follow systematically these evolutions. It has been
installed over a temperate tree and also over a tropical forest in French Guiana. Based on the
use of a Vector Network Analyzer and adequate antennas, it may deliver P band polarimetric,
interferometric impulse responses and 2D (range/height) imaging.

In the presentation the impulse response acquired by the full system are analysed with several
range filtering and averaging. Concerning the intensity, it appears that a single antenna couple
exhibit diurnal cycles as well as long term evolution over 3 months depending on range (incidence
and composition) and polarization, whereas with averaging on the 16 couples strongly attenuates
the diurnal cycle, still preserving the long term evolution linked to soil moisture. Coherence is
averaged through several derivations and exhibit long term behavior extrapolating satisfactorily
the airborne measurements.

We have at our disposal data 3 months long of both the rainy season and also the dry one. Long
term coherence is of the same order in both seasons, whereas it is very different at the scale of a
few days. Influence of rain and water storage will be discussed.

REFERENCES
1. BIOMASS Phase 0 Report for Assessment, ref. SP1313/2, European Space Agency, Nov. 2008.
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A Multi-scale SAR Segmentation Based on Hierarchical Merging
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Abstract— With recent development of full polarimetric (FP) space synthetic aperture (SAR)
configurations, the trade-offs among pulse repeated frequency, polarimetry, data amount and res-
olution have been drawn widespread attention. Herein, compact polarimetric (CP) SAR system,
which transmits only one polarized wave while receives two orthogonal backscatter waves, has
been proposed and become the currently researching hotspot, CP SAR data has opened a new
path to promising application, i.e., in the field of land cover classification.

With regard to land cover classification, one of the most popular methods is based on the physical
character of targets; several target decomposition (TD) algorithms for FP SAR data have been
proposed and widely used. Two main ways of TD algorithms for CP SAR data have been
preliminary investigated; one way is based on the reconstruction of pseudo FP covariance matrix
C5 from CP covariance matrix Cs, which depends on several assumptions. Once the assumptions
are not met, the algorithm may fails. Another promising way is to extract useful information
from CP data, mainly based on the 2 x 2 coherency matrix.

Raney derived the expression of Stokes parameters of two hybrid-Polarity SAR modes, namely
CTLR (circular transmitted polarization and coherent dual linear receive polarizations) and
DCP (circular transmitted polarization and dual circular receive polarization), and a decompo-
sition strategy named m — § algorithm was introduced. The parameter § was the relative phase
between the two linear vectors of the backscattered field, and the prime indicator of double-
bounce backscatter based on the condition of circularly polarized illumination. Charbonneau
et al. introduced a three-component algorithm for CTLR SAR data based on m — ¢ algorithm.
S. R. Cloude etal. combined the m — § algorithm and wave decomposition theorem together,
and proposed a three-component compact decomposition algorithm, which had been successfully
used in forest fire scar detection.

However, these compact decomposition algorithms cannot be used in DCP SAR data straight-
forwardly. In this paper, a three-component model-based target decomposition algorithm will be
introduced. First, the 2 x 2 Jones coherency matrix will be derived, and a orientation angle of
polarizer will be introduced to optimize the Jones matrix, the optimized matrix will reduce the
number of pixels with negative power in following decomposition steps. Then, the H/« decom-
position will be performed with DCP SAR data, the boundary of original H/a decomposition
fails to determine the physical scattering mechanism of targets, a modified boundary will be
introduced for DCP SAR data. By using the compact H/a decomposition, the PSM of targets
can be discriminated into three basic scattering mechanisms, volume, surface and double-bounce
scatter respectively. A new volume scattering coherency model given by An et al. will be used,
the entropy of this model is one, and the scattering matrices of the other two scattering mecha-
nisms and the Jones matrix will be derived in DCP mode, based on these models and the wave
decomposition theorem, the decomposition equations can be established. However, the number
of unknowns is larger the number of observables, to reduce the number of unknowns, the PSM
obtained by compact H/a decomposition can be used to distinguish the dominant scattering
mechanism between double-bounce and surface scatter, then the unknowns can be solved. The
negative powers will be eliminated due to the employment of two power constraints.

The DCP data simulated from the RADARSAT-2 data are used to validate the proposed three-
component algorithm. The experimental results show a good fit with physical character of targets,
especially in ocean and forest. In urban area, the volume scattering power is overvalued, but the
result still reflects the physical character accurately. In the future research, we will aim at
decreasing the volume power in urban and improve the decomposition model.
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New SAW Odor and Gas Sensor for Sensor Network Installed in

Smart House

Mitsutaka Hikita and Jun Hosaka
Faculty of Global Engineering, Kogakuin University, Shinjuku-ku, Tokyo 163-8677, Japan

Abstract— “Sensor Network” has been proposed with the development of mobile communi-
cations systems such as cellular phones, wireless LANs. Sensed signals from many sensor nodes
arranged in homes, offices and public places are gathered to center nodes by technology similar
to that used in mobile communications. In this paper, we have proposed a new SAW (Surface
Acoustic Wave) odor and gas sensor, which can be assembled in sensor nodes. Sensor network
including these sensors will be very useful to monitor odors from patients or in sickroom and to
sense hydrogen-gas leakage from future fuel-cell cars. They will also contribute to constructing
the future smart house as well.

One of the most successful commercial SAW-gas sensors is a SAW GC (gas chromatography)
provided by EST Corp. [1,2]. However, it has a rather complicated structure using not only a
SAW sensor but also a trap and a column tubes to separate gases according to their molecule
weight. Due to the rather large size and the high power consumption, it can not be adopted in
sensor network. Moreover, only Quartz crystal substrates with very good temperature charac-
teristics have been used in these kinds of conventional SAW gas sensors. We have invented a
new SAW sensor structure, which can remove such a limited selection for piezoelectric crystal
substrates. The proposed sensor consists of three SAW delay lines, two ones of which are used
to generate standard in-phase (I-) and quadrature-phase (Q-) signals. The third one is used for
sensing of subtle-molecular particles. Phase shift for propagating SAW due to mass loading effect
of sensing particles is measured based on the standard I- and Q-signals from the other two delay
lines which are isolated from the sensing environment. The influence from temperature is same
for the three delay lines, which provides self-temperature-compensated characteristics between
phase of the sensing delay line and I-/Q-phases of the standard delay lines [3].

ZigBee has been regulated by IEEE 802.15.4 [4, 5] as a wireless-communications medium for the
“Sensor Network”. One of the most important features for ZigBee is the extremely low-power
consumption, which provides several-year operation with a single battery. Our sensor is also
designed to be combined with ZigBee. Sensing signals at several hundred MHz are generated
by division and multiplication of the signals from a VCO (Voltage-Controlled Oscillator) in
the RF circuit of sensor nodes. To overcome the large insertion losses of SAW sensors, we have
invented not only the conventional transversal type sensor but also new lattice-circuit type sensor
using SAW resonators, which consists of pairs of SAW reflectors arranged at both sides of the
SAW transducer. This type can achieve smaller insertion losses as well as same self-temperature-
compensation characteristics as previous one [3]. In the paper, ZigBee-based sensor network with
SAW sensors will be illustrated combined with future smart house. Design procedures, simulation
and experimental results for two types of new SAW-sensor structures will be presented.

REFERENCES
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Checking of Combustion Chamber of Liquid Rocket Using ECT
with AMR Sensor
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Abstract— Using the eddy current testing (ECT) system with AMR sensor developed by us,
we tested a liquid rocket combustion chamber specimen. The specimen was made of copper alloy;
coolant channels and artificial defects were made in it as the real combustion chamber. Fig. 1(a)
shows the scanning result by the ECT system. The artificial defects were successfully detected.
However the coolant channels induced some signals which influenced the signal-to-noise ratio and
limited the smallest defect that can be detected.

We developed an FFT (Fast Fourier Transform) method to reduce the influence of the coolant
channel signals. We first made the FFT for the scanning result; and set the values of some
frequencies and their harmonics to Zero (The frequencies are determined by the periodic channel
signals); then made the inverse FFT (IFFT) of the spectrum. Fig. 1(b) shows the results after
FFT and IFFT. We can see that the coolant channel signals were reduced and the signal-to-noise
ratio was improved.
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Study of Earthquake Location Using Electromagnetic Precursors

Yi Wang, Qunsheng Cao, Xiao Yuan, and Ya’nan Liu
Nanjing University of Aeronautics and Astronautics, China

Abstract— Most present earthquake location techniques are based on recording phase arrival
times in different stations, which is almost a real-time location technique that can detect earth-
quakes a few seconds in advance. Because anomalous electromagnetic (EM) phenomena are
believed to arise during earthquake preparing process, establishing an early-warning (days or
months) system for earthquakes is becoming possible.

In this work a technique to locate earthquake hypocenters using extremely low frequency (ELF)
electromagnetic (EM) precursors is proposed. The technique relies on recording electromagnetic
eruptions caused by physical mechanisms during the earthquake preparing process. Using the
triangulation algorithm and the attenuation rate of EM waves in the Earth-ionosphere system,
the source (usually the earthquake hypocenter) can be located. During the locating process, the
attenuation rate of EM waves in local regions must be modified in order to improve accuracy of
result.

Based on this technique, experiments are simulated using the geodesic finite difference time-
domain (FDTD) method to test the efficiency of location. In the experiments, earthquakes with
EM precursors is supposed to happen in (or not far from) a region surrounded by three EM
observing stations. Once an EM eruption is detected in all the three stations, the technique is
performed to locate the earthquake center. Results show that the locating error is within one
cell of the FDTD method.

It is noted that only the simplest form of EM precursors is considered in the technique. Thus
after the technique is described, possible difficulties of applying this technique to real earthquake
predictions are discussed. Finally, further improvements and applications of the technique are
suggested.
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Prediction of Radar Reflectivity along Radio Link
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Abstract— Radiowave propagating through a rain zone, will be scattered, depolarized, ab-
sorbed and delayed in time. All these effects of rain on the wave propagation are related to the
frequency at which the signal is transmitted and polarization of the wave as well as to the rain
rate, which influences the form and size distribution of the raindrop. The average power received
by the bistatic radar is proportional to the product of reflectivity and attenuation. These can
be measured in practice but sometime there is need to determine them separately. In order to
determine radar reflectivity, backscattering coefficient needs to be estimated. This study makes
predictions about backscattering coefficient caused by hydrometers along terrestrial radio links,
operated at wide bandwidth of 10-140 GHz frequencies. The scattering properties of the spherical
raindrop are calculated for different sizes of raindrops. From the scattering properties, the back
cross-sections for the spherical raindrops are determined and fitted to generate power-law models
for different frequencies. These are integrated over different established raindrop-size distribution
models to formulate radar reflectivity.
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Time Domain Transient Analysis of Electromagnetic Field Radiation
for Phased Periodic Array Antennas Applications

Shih-Chung Tuan' and Hsi-Tseng Chou?

IDepartment of Communications Engineering, Oriental Institute of Technology, Pan-Chiao, Taiwan
2Department of Communications Engineering, Yuan Ze University, Chung-Li, Taiwan

Abstract— The increasing interest in the time domain (TD) analysis of ultra wideband or
short pulse target identification and remote sensing applications has resulted in the development
of new TD techniques to analyze the antenna radiation, which provides more physically appealing
interpretation of wave phenomena. Most recently the applications have been extended to treat
the problems arising in the near zone of electrically large antennas such as the vital life-detection
systems and noncontact microwave detection systems, where the objects under detection may
locate in the near zone of antenna. The potential applications of near-field antennas continue
to grow dramatically and desire more exploration in the near future. A TD analytic solution
to predict the transient radiation from a phased periodic array of elemental antennas is thus
developed. This paper presents an analytical transient analysis of electromagnetic field radiation
from a phased and finite periodic array of antennas for the near- and far-field focused applications.
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Effect of Random Medium on Wave Propagation in Evaporation
Ducts above a Rough Sea Surface

Yung-Hsiang Chou and Jean-Fu Kiang
Graduate Institute of Communication Engineering
National Taiwan University, Taipei, Taiwan

Abstract— Evaporation duct is a surface duct appearing over water bodies, featuring rapid
decrease of humidity with height. Evaporation ducts practically appear at lower latitudes. The
worldwide mean of the evaporation duct height is about 10m, sometimes reaches 30 m and
exceptionally 40 m With the evaporation ducts so close to the sea surface, the latter has very
strong effects on the signal propagating in the ducts.

Empirical evidence of duct height variation with wind speed indicates that large evaporation
ducts can exist when the wind speed is relatively low, which can guide energy with little path
loss over many kilometers The coastal areas are especially rich in super refractive layers and ducts
that affect microwave propagation.

The CDF of duct height have been derived in three locations: the Western Pacific Ocean near
the equator, the Coral Sea, and the littoral region around Lucinda, Queensland, respectively.
The effect of wind speed on the duct height is analyzed. A series of evaporation-duct height
measurements were made in July 1999 over a 100-minute period, by means of atmospheric sensors
located near Lucinda, also related to the local wind speed.

Rough sea surface destroys the trapping property of the duct structure and changes the path-loss
pattern. The shadowing effect will increase the destructive effect of the rough sea surface on the
trapping capability of ducts, especially at long ranges.

Perturbation methods have been developed to analyze wave propagating through a random
medium In this work, a numerical model is proposed to study wave propagation in evapora-
tion ducts above a rough sea surface, including the random fluctuation of refractive index in the
ducts. Simulation results are compared with measurement data in various scenarios, and the
impact on communication links will also be analyzed.
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Rigorous Conductor Modeling of Signal Integrity in ICs Using a
Multi-solver Domain Decomposition Method

Yang Shao, Zhen Peng, and Jin-Fa Lee
ElectroScience Lab, The Ohio State University
1320 Kinnear Road, Columbus, OH 43212, USA

Abstract— The accurate simulation of large (with many degrees of freedom) and geometrically
complicated electromagnetic (EM) problems is of vital importance in many engineering applica-
tions. We present herein a frequency-domain multi-region, multi-solver domain decomposition
method (MS-DDM) [1], and apply it to accurately analyze signal integrity in multi-scale inte-
grated circuits (ICs). In particular, we propose a novel formulation to rigorously account for the
conductor loss due to finite conductivities in metals.

The fundamental strategy of the MS-DDM is to decompose the entire computational domain
into many subregions based on the local material properties and geometrical features. For the
IC application, it is natural to decompose the model into dielectric subregion and conductor
subregion. Subsequently, we employ the most suitable computational electromagnetic (CEM)
technique for each of the subregions. For the dielectric subregion, finite element (FE) based
non-overlapping DDM method [2] is efficient to solve the complex multi-scale EM problem and
account for the non-uniform material properties in this subregion. For the conductor region, the
skin and proximity effects are significant at high frequencies and the FE method shall require
considerable dense volume mesh for the high-density subregion. Thus, a DDM based surface
integral equation method is desirable to solve the conductor sub-domains. Each local conduc-
tor sub-domain is enclosed by a closed surface and solved individually through the generalized
combined field integral equation (GCFIE) with excitations that include radiations coming from
all the other sub-domains. The continuities of tangential electric and magnetic fields on the
interfaces between touching sub-domains are implicitly enforced via the optimized Robin type
transmission conditions (TCs).

To further accelerate the performance of the GCFIE method, a hierarchical multi-level fast mul-
tipole method (H-MLFMM) [4] is adopted to accelerate the matrix vector-multiplication (MVP)
and reduce memory consumption for the surface IE methods, especially for the low frequency and
multi-scale problems. We shall present numerical results, IC package problems, and demonstrate
the accuracy and exibility of the proposed MS-DDM.
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Non-overlapping Integral Equation Domain Decomposition Method
for Dielectric Problems

Ming Jiang, Jun Hu, Ran Zhao, Xiang Wei, and Zaiping Nie
School of Electronic Engineering
University of Electronic Science and Technology of China, Chengdu, China

Abstract— In this paper, a hybrid algorithm based on non-overlapping domain decomposition
method and surface Integral equation (IE-DDM) is presented for dealing with time-harmonic
electromagnetic (EM) problems of dielectric object. It provides a flexible and efficient method
to decompose the problem into easily solvable sub-domains. The decomposed problems will not
have the same solution as the original entire domain problem unless proper boundary conditions
are imposed for touching-face between neighboring sub-domains. Here a transmission condition is
introduced to weakly enforce the field continuous across the touching-face, which is similar to the
implantation of the Robin TCs proposed by Prof Jin-Fa lee and Peng. Moreover each sub-domain
can be meshed independently without consideration of conformity to adjacent sub-domains. So
each sub-domain can be totally independent in the sense of mesh preparation and solution. Here,
the electric and magnetic current combined-field integral equation (JMCFIE) serves as a sub-
domain solver for dielectric object. In fact, domain decomposition can be considered as a global
preconditioning technique for the resulting linear system. Finally, some numerical examples are
presented to demonstrate its validity and efficiency.
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Multiphysics Analysis for Electromagnetic Radiation by Elastic
Media

M. H. Wei, Y. Q. Zhang, Y. Q. Wang, and M. S. Tong
Department of Electronic Science and Technology, Tongji University
4800 Cao’an Road, Shanghai 201804, China

Abstract— Electromagnetic (EM) radiation is caused by electric oscillation in metallic devices
like antennas. The fundamental mechanism of EM radiation is the acceleration or deceleration
of free electric charges (electrons) when they move in metallic materials, therefore all devices
with the acceleration or deceleration of free electric charges in movement will result in EM
radiation through time-varying currents. EM radiation could also be produced by mechanical
approaches through the mechanical-to-electrical converters, namely, piezoelectric or electrokinetic
materials. Mechanical oscillation or vibration in such materials can yield a motion of electric
charges with varying velocity and generate time-varying currents leading to EM radiation. The
EM radiation from piezoactive rocks under the influence of elastic oscillations triggered by shots
or mechanical impacts was first observed and studied by former Soviet scientists in 1950’s and
the related techniques were widely applied to geophysical exploration for many valuable minerals.
To systematically study the EM radiation by mechanical approaches, one can exert controllable
mechanical vibration on piezoelectric objects and measure radiated EM fields. The theoretical
analysis and simulation for the phenomenon have been studied since 1950’s based on coupled
electrodynamic and elastodynamic equations. However, the investigations were only based on
the original partial differential equation (PDE) form of the equations and the solutions for the
equations were mostly obtained by analytical approaches with greatly simplified geometries.

In this work, we develop an integral equation method to study the EM radiation phenomenon
from piezoelectric objects in controllable mechanical vibration. The coupled governing integral
equations were developed from the PDE counterparts by using Huygens’ equivalence principle
and extinction theorem. In the derivation, it is recognized that the current is generated by the
varying displacement vector through strain tensors in the Maxwell’s equations. By the developed
integral equations, all numerical methods for integral equation solvers, such as method of moments
(MoM), boundary element method (BEM) or Nystrém method can be used in the analysis and
simulation, and the advantages of integral equation solvers can be exhibited. We use Nystrom
method to solve the coupled integral equations for EM radiation from 3D piezoelectric objects in
vibration and some basic numerical results will be illustrated in the talk.
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Multiphysics Modeling and Understanding for Plasmonic Organic
Solar Cells

Wei E. I. Sha', Wallace C. H. Choy!, and Weng Cho Chew?

IDepartment of Electrical and Electronic Engineering

The University of Hong Kong, Pokfulam Road, Hong Kong, China
2Department of Electrical and Computer Engineering
University of Illinois, Urbana-Champaign, Illinois, USA

Abstract— A multiphysics study carries out on bulk heterojunction organic solar cells (OSCs)
by solving Maxwell’s equations and semiconductor (Poisson, drift-diffusion, and continuity)
equations simultaneously with unified finite difference framework. By introducing a metallic
rectangular-grating as the anode, surface plasmon resonances are excited resulting in extremely
nonuniform exciton generation. Meanwhile, the built-in potential and internal electrostatic field
of the plasmonic OSC device are significantly modified due to the modulated anode boundary.
From the theoretical model, we demonstrate that the plasmonic OSC structure improves 13% of
short-circuit current but reduces 7% of fill factor compared to the standard one with a planar
anode layer. The uneven photocarrier generation and transport induced by the metallic grating
anode are the physical origins of the dropped fill factor. The spatially nonuniform exciton gener-
ation and internal electrostatic field distribution strongly depending respectively on the optical
and electrical responses of the metallic grating should be taken into account for future designs of
plasmonic OSCs. This work provides fundamental multiphysics modeling and understanding for

plasmonic organic photovoltaics.
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Figure 1: The electrical results of the plasmonic  Figure 2: The electrical results of the plasmonic

OSC at the short-circuit condition. (a) Equipoten-
tial lines (V); (b) recombination rate with the log-
arithmic scale (m~3s71); (c), (d) electron and hole
current densities (A/m?). The color and arrow de-
note the amplitude and direction of the currents.
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OSC at the open-circuit condition. (a) Equipoten-
tial lines (V); (b) recombination rate with the log-
arithmic scale (m~3s71); (c), (d) electron and hole
current densities (A/m?). The color and arrow de-
note the amplitude and direction of the currents.

1. Sha, W. E. I., W. C. H. Choy, and W. C. Chew, “The roles of metallic rectangular-grating
and planar anodes in the photocarrier generation and transport of organic solar cells,” Applied
Physics Letters, AIP, Accepted for Publication.
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An Alternative Algorithm for Dynamic Recognition of Handwritten
Signatures

Jimy Alexander Cortés, David Esteban Ardila Nieto, and Jairo Alberto Mendoza Vargas
Universidad Tecnolégica de Pereira, Colombia

Abstract— A signature is more than a simple drawing on a sheet of paper because each person
has his own signing style which depends on the way the pen is used and the time is taken to
do it. This paper research assesses and identifies the necessary characteristics and introduces
an algorithm for dynamic recognition of handwritten signatures by using distinctive behavioural
features of the signature such as position, velocity, acceleration, pressure and azimuth by means
of pattern recognition precedure such as neuronal networks. This solution can be use to eliminate
the huge flow of business stationery and its time consuming process by providing reliable remote
agreements (such as transactions and contracts).

This paper evaluates the computational performance of the minimum requirements for the recog-
nition of the handwritten signature and its implementation in an embedded system of modest
computational performance. This development is intended to be set up on an embedded system
which has to be able to recognize dynamic handwritten signatures from users.

There are important advances in the field of biometric research that have served to verify the
person’s identity in security systems around the world, but there is also much to develop in
identifying the dynamic handwritten signature in Latin America where this kind of solution
could help to improve the authentication at a lower cost where this is an important fact.
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Homogenization and Applications of Ferromagnetic Nano-wires

Based Metamaterials

Jue Wang, Zhen Peng, and Jin-Fa Lee
ElectroScience Lab, The Ohio State University
1330 Kinnear Road, Columbus, OH 43212, USA

Abstract— Metamaterials are broadly defined as artificial effective electromagnetic structures
composed of electrically small units and achieving exotic responses that are not readily available
in conventional materials. Extensive research conducted on metamaterials has led to many inno-
vative theories and devices over the years [1,2]. During the first decade of the new century, the
development of artificially structural materials is at the stage where interdisciplinary interest is
taking place, such as multiscale metamaterials, reconfigurable metamaterials and the combina-
tion with nanotechnology. While the potentials of metamaterials and their possible applications
are appealing, it is often difficult to model them accurately due to inherently the very fine and
complex structures involved. However, by observing that metamaterials usually consist of posi-
tioned inclusions (most often periodically) much smaller than the electromagnetic wavelength of
interest, a homogenized description of the structure can be adopted as an accurate alternative.

We propose herein this paper numerical procedures to compute both the static and small signal
magnetic field distributions within ferromagnetic material nanowires (FMNWs) based metame-
terial structures, extract macroscopic effective material properties through homogenization, and
finally analyze the performance of microwave components/devices including such a macroscopic
description of the FMNWs [3].

Instead of utilizing the usual analytical and crude approximate field averaging method [4, 5], this
paper aims to pursue a homogenization process through 3-D full-wave electromagnetic compu-
tations in-conjunction with a suite of computational electromagnetic simulation tools developed
previously at OSU [6,7]. Particularly, we are interested in nanometer scale, the ferromagnetic
wire array and exploit its magnetic properties as well as investigate its integrations with mi-
crowave/RF components. The use of ferromagnetic materials is not new, however, the marriage
with metamaterial structure can potentially contribute significantly toward the reduction of size
in microwave devices. This is mainly attributed to its tailored electromagnetic responses com-
pared against traditionally bulky ferromagnets, which may lead to great interest practically in the
future, aided by the constant progress achieved in fabrication of ferromagnetic material nanowires.

Numerical results of microwave devices integrated with FMNWSs based metematerial structures
show the accuracy and efficiency of the proposed homogenization method.
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Input Impedance Measurement for Balanced Antenna by
S-parameter Method

T. Sasamori, T. Tobana, and Y. Isota
Akita Prefectural University, Japan

Abstract— In recent years, many wireless telecommunication services have spread over the
world. It is known that the characteristics of conventional antennas, such as monopole antennas,
change considerably when the body of the handset is touched by the hand. This is caused by
the variation of the current on the surface of the conducting box used for the handset due to
human body influence. To decrease the influence of the human body, a balanced fed antenna is
suggested. The input impedance of the balanced antenna is measured conventionally by using a
balun that forces opposite currents into each part of the radiation element. Generally, due to the
narrow available bandwidth, balun is not suitable for the measurement of the wideband balanced
antenna. Recently, the S-parameter method is proposed to measure the balanced impedance of
the antenna using a jig instead of the balun, and two ports of a vector network analyzer. We
have examined the S-parameter method with calibration cables and a jig fabricated by semi-rigid
cable.

In this presentation, measured results of the S-parameter method after the TRL calibration is
performed are compared with the measured results after the OSLT calibration and the compen-
sating method using ABC D-matrix is performed. A jig for measuring balanced loads is fabricated
by the microstrip line on PCB to improve the fabrication accuracy and reproducibility. Three
compensating methods using ABC D-matrix, called open-correction, short-correction, and open-
short-correction are applied to eliminate the influence of the jig. The wideband input impedance
of a dipole antenna, which is one of typical balanced fed antennas, is measured using our proposed
methods, and are compared with a calculated results using the moment method.
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Balanced and Unbalanced Mode Analysis in a Practical Balanced
Dipole Antenna Using Mixed-mode S-parameter

Nozomu Ishii and Junki Hayakawa
Graduate School of Science and Technology, Niigata University, Japan

Abstract— The balanced antennas are often used in the radio communication devices. The
unbalanced current on the antennas or devices is undesired and needed to be eliminated. There-
fore, the input impedance/admittance for the balanced /unbalanced modes and the mode coupling
should be accurately measured. The input impedance of the balanced antennas can be estimated
by using not only 180 degree hybrid coupler/balun but also S-parameter method, where S pa-
rameters are measured between two ports attached to the symmetrical antennas. In this paper,
first, S-parameter method can be derived by using the theory of the mixed-mode S parameter,
where the normal S parameters are transformed into redefined S parameters for the balanced
and unbalanced modes. Since the effect of the unbalanced mode in the practical balanced anten-
nas, the input admittance for the unbalanced mode and CMRR (common-mode rejection ratio)
can be also derived using the theory of the mixed-mode S parameter. By evaluating CRMM at
the resonance of the balanced dipole antenna, we can find that the amount of the reflection for
the balanced mode is reduced, CMRR is minimized, and the relatively large excitation for the
unbalanced mode can be observed. Second, the validity of our derivation can be proven by some
experiments using the 180 degree hybrid coupler. To correct the imperfect 180 degree hybrid
coupler, we measure its S parameters and evaluate the input impedance or admittance for the
balanced or unbalanced modes of the balanced antennas using the S parameters. In this paper,
three ways of measuring the input impedance/admittance for the balanced/unbalanced mode
of the balanced antennas are examined. To reduce the measurement time, one port reflection
measurement with the other port matched or normal way of the balanced mode excitation using
the 180 degree hybrid coupler is examined.
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Measurement Methods for Total Radiated Power from an Antenna

Hiroyuki Arai' and Nozomu Ishii?

LGraduate School of Engineering, Yokohama National University, Japan
2Graduate School of Science and Technology, Niigata University, Japan

Abstract— Due to the diversification of operation forms of the wireless devices, the measure-
ment of the radiated power from the devices in the operation status, that is, in all directions of
the devices should be required. CTIA (Cellular Telecommunications and Internet Association)
recommends the maximum division angle of 15 degree in azimuth and elevation angle, providing
264 sample points. In this paper, we present four methods for measuring total radiated power
(TRP) using the pattern measurement in all direction, such as, ordinary equi-angle method,
modified equi-angle method, generalized spiral method and partially spherical scanning method.
The modified equi-angle method divides sampling interval to keep equal area between sampling
points, which is almost equivalent to equi-area method. The generalized spiral method picks up
each sample along a spiral line on the sphere. This method provides an easy and smooth probe
scanning in the spherical coordinate. The partial scanning method uses a circular reflector base
to hide the azimuth rotator to support heavy devices being tested. These methods are discussed
to find the minimum number of sampling points by using radiation patterns of antennas built in
notebook PC. Reference 3-D radiation patterns are given by the conical-cut method with angular
spacing of 5 degree in elevation and 1 degree in azimuth angle. Numerical simulation using these
3-D data result in that the minimum total number of sampling points are 200 for modified equi-
angle and generalized spiral methods, which reduces the measurement time with high accuracy.
In addition to these measurements, this paper also presents a simple approximation method to
reduce the measurement time.
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A New Transmission Formula to Extend Friis Formula

Masanobu Hirose, Michitaka Ameya, and Satoru Kurokawa
AIST, Japan

Abstract— A new transmission formula has been proposed to extend the Friis transmission
formula at the short distance between two antennas, which is a few times shorter than the far-
field criterion. The new formula is expressed by the conventional phase centers of the antennas
in addition to the pattern sharpness that is introduced newly. The validity of the new formula is
demonstrated by numerical examples of a log-periodic antenna and a standard horn antenna.
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W-band Antenna Pattern Measurement System Using Photomixing
Technique with UTC-PD

Michitaka Ameya, Masanobu Hirose, and Satoru Kurokawa
AIST, Japan

Abstract— A number of wireless products using millimeter-wave (mm-wave) have been devel-
oped in recent years. The antenna of the wireless system is a key component and the evaluation
of the antenna is high-priority issue for the wireless system. In the mm-wave region, rectangular
waveguides are generally used as transmission lines. The mm-wave components, such as couplers
and frequency multipliers are heavy and bulky because they are made with rectangular waveg-
uides. Therefore, the antenna pattern measurement system consists of waveguide components
has low flexibility and difficulty in rotating the antenna for pattern measurements. In addition,
the measured results of antenna pattern are affected by waveguide components because they are
electrically large.

To solve these problems, we propose the antenna pattern measurement system in W-band using
photomixing technique with UTC-PD. Due to this system, we can use an optical fiber as the
transmission line of mm-wave signal and miniaturize the mm-wave signal source. Accordingly,
we can suppress the disturbance from the waveguide components and achieve precise pattern
measurements.

In the presentation, we will show the measured antenna pattern of open ended waveguide probe
and standard gain horn antenna in W-band by proposed system in comparison with a conventional
system.
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Near-field Magnetic Probe Method Predicting Far-field
Measurements — Correlation of Dipole Boresight Measurements
with Anechoic Range Model

Daniel Brooks, Stuart Nicol, Jesse Hones, and John Lee
Aprel Inc., Ottawa, Ontario, Canada

Abstract— Traditional methods for establishing EMC and field density can be predicted using
a field approximation routine based on well documented principles. In the process of reducing
spurious emissions or interference EMC engineers will use suppression techniques of shields,
boxes and cages. These methods have been found to work in normal applications but as the
frequency expands traditional methods of EMC suppression may not be as effective. The far
field approximation technique presented in this paper allows an engineer to test a sub assembly
in the near field and then have a value which can be extrapolated to the far field. Measurements
taken using the broadband near field “magnetic probe method” used with an automated scanning
system (EM-ISight) can be extrapolated to either a 3m or 10m range space. Such a technique
can allow the design engineer to determine the effectiveness of their design prior to the final
integration of an assembly thus understanding better the uncertainties of a previously developed
reference design or suppression methods.
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Near-field Measurement System for Evaluation of Aperture
Distribution, Radiation Pattern and Gain of Millimeter-wave
Planar Array Antennas

Kunio Sakakibara, Hiroshi Hirayama, and Nobuyoshi Kikuma
Nagoya Institute of Technology, Gokiso-cho, Showa-ku, Nagoya 466-8555, Japan

Abstract— Near-field measurement system was developed for evaluation of aperture distribu-
tions, radiation patterns, and gains of millimeter-wave planar array antennas. We have been
in the development of various sizes of microstrip comb-line antennas and slotted waveguide an-
tennas in the millimeter-wave band. Traveling-wave antennas are very attractive in low-loss
property. However, high design accuracy is required in the assignment of the coupling factor to
each radiating element for uniform distribution of high gain antenna and for Taylor distribution
of low-sidelobe antenna. Aperture phase distribution inclines and beam direction shifts when
frequency changes from the design frequency. Thus, the aperture distribution is a key feature
to diagnose the design quality and the performance degradation from the design of the aperture
array antennas. The near-field measurement systems are very useful to check the uniformity of
the aperture amplitude and phase distributions of the planar array antennas. Radiation patterns
can be obtained by Fourier Transform of the complex near-field data of the aperture distribution.
Gain is also obtained by the sum of the gain of the standard horn antenna and the difference
of the main beam levels in the radiation patterns of the antenna under test and the standard
horn antenna. This paper summarizes the detail of the developed near-field measurement system
which is capable of the measurement in the millimeter-wave band. Measurement results will be
presented in the session for various measurement parameters, such as scan area, distance of the
probe from the aperture, scan pitch, aperture size of the antenna under test, and so on.



Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013 193

Broadband and Simplified SAR Measurement Method Using Wave
Absorber Phantom for Handset Antennas

Naobumi Michishita', Keita Ochiyama', Yoshihide Yamada',
Hiroyuki Arai?, and Toshiyasu Tanaka3

!National Defense Academy, Japan
2Yokohama National University, Japan
3Microwave Factory Co., Ltd., Japan

Abstract— To measure the specific absorption rate (SAR) of mobile devices used near the
human body, the use of a liquid phantom is prescribed in the international specifications at each
frequency. Electrical parameters of the liquid phantom vary due to evaporation or deposition. In
addition, the standard SAR measurement is time consuming due to 3-D scanning. To overcome
these problems, a lightweight phantom composed of a wave absorber and a broadband phantom
composed of solid materials have been developed for simplification of the standard SAR mea-
surement method. The proposed method using the wave absorber phantom has been verified
at only 835 MHz and 1950 MHz. This paper focuses the measurement method using the wave
absorber phantom to extend the measurement range from 700 MHz to 4 GHz for adapting to the
recent cellular mobile communication systems. To reduce the measurement time in the simplified
method, the internal electric field distribution in the liquid phantom is estimated by using the
measured 2-D scanning data inside the wave absorber. Therefore, the attenuation characteristics
in the liquid and the wave absorber phantoms will be clarified at several situations of the antenna
under test. The antenna factor for obtaining the electric field intensity from the measured power
at the probe will be also shown at each frequency.
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A Planar PIM-generator for Antenna PIM Test Setup

Kohei Takada and Nobuhiro Kuga
Faculty of Engineering, Yokohama National University
Tokiwadai 79-5, Hodogaya-ku, Yokohama-shi 240-8501, Japan

Abstract— PIM is caused by non-linearity in passive circuits such as base-station antennas in
mobile communication systems. In PIM measurements, level-known PIM generators are used to
assess a measurement setup. For the purpose, the authors has proposed a new concept of variable
PIM-level generator using antenna [1-3] while fixed-level generators using connectors has been
used conventionally [4]. On the other hand, PIM measurements of antennas, the effect of external
PIM sources have to be considered [5]. To carry out a basic examination as shown in Figure 1,
the authors introduced an axial-lead diode with shunt loop shown as model-A in Figure 2, which
was used as the external PIM source in Figure 1 [6]. The difference of the concept from [1, 3] is
that a PIM source model is placed not in the near field but the far field of the antenna. PIM
level generated from model-A is controlled by the polarization loss toward the left-side antenna.
This polarization loss was a problem to be solved in that examination.

In this paper, a planar PIM-generator as an external PIM-generator is proposed. It consists of
a holed cupper foil backed with a dielectric substrate, where a diode is mounted in on the hole.
Compared to model-A, model-B can reduce the dependence on the polarization and improves
the level-control ability because the PIM-level is determined by the mounting angle ¢ while
the position of the rectangle mounting plate is remained. The proposed wide strip structure is
effective to reduce the PIM caused by the copper foil itself.

Figure 3 shows the performance of a prototype, where the 3rd-order PIM at 1.90 GHz for the
two-tone test with 2.05 GHz, 2.20 GHz is evaluated. It is the PIM level observed by the antenna
as a function of the input power on the antenna. Although the absolute level of the PIM is lower
than model-A with the axial-lead, good linearity for the input power is confirmed. It is also
confirmed that the generated PIM level can be controlled by the mounting angle of the diode ¢.
The effect of the diode-mounting angle seems to be small in this result; however, it is due to the
self-PIM of the antenna which can be improved.
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Method of Connected Local Fields for the Helmholtz Equation

Hung-Wen Chang and Sin-Yuan Mu
Department of Photonics, National Sun Yat-Sen University, Taiwan

Abstract— Over the past few years we been working on the method of connected local fields,
CLF [1,2] which is a semi-analytical solutions of the Helmholtz equation. In CLF the EM fields
are expressed as collection of overlapping local fields called patches. We show that the local
field in a given patch can be approximated by truncated Fourier-Bessel (F-B) series and the F-B
coeflicients are related to the control points on the surface of the given patch. Figure 1 illustrates
a basic patch in a 2D /3D network of equally spaced points containing 8/26 points on the faces
and a point inside the square/cube. The end result is that both the 2D LFE-9 and the 3D LFE-27
formulae behave just like the standard FD-FD methods with compact FD stencil. Under CLF,
due to its semi-analytical nature, we are able to solve complex EM wave problems with a much
reduced grid density.

v

Figure 1: The unit square/cube and the 8/26 nodes for the 2D /3D theory of connected local fields.
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Dispersion Analysis of the 3D LFE-27 Formula for the Method of
Connected Local Fields

Sin-Yuan Mu and Hung-Wen Chang
Department of Photonics, National Sun Yat-Sen University, Taiwan

Abstract— Following our previous work on the method of connected local fields [1,2], we
investigate the local field expansion (LFE) formulation, LFE-27, by means of rigorous dispersion
analysis. Dispersion characteristic along various chosen directions are to be analyzed as shown in
Figure 1. Both numerical phase velocity and numerical group velocity for LFE-27 are compared
to other FD-like schemes. The classical FD formula (FD2-7) requires that the number of grid
points per wavelength is more than fifteen to reduce the dispersion error (also phase velocity
error) to less than 1% and to reduce the group-velocity error of to less than 2.5%. With LFE-27,
when we use 2.7 grid points per wavelength, the corresponding error of the phase velocity is about
0.1% and the error of the group velocity is about 1%. LFE-27 exhibits high accuracy even if it
is inspected by the harsher error evaluation, relative error of group velocity. In addition we will
apply LFE-27 formulation to compute numerical Green’s function for 3D Helmholtz equation in
free space. Together with the plane wave analysis, we have numerically verified the validity of
the newly-derived formula for the theory of connected local fields.
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N i R -
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Figure 1: Numerical phase/group velocity for LFE-27 along various directions.
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FD-FD Analysis of SOI Based Micro-ring Cavities

Hung-Wen Chang
Department of Photonics, National Sun Yat-Sen University
70 Lien-Hai Rd., Kaohsiung 80424, Taiwan, R.O.C.

Abstract— Micro-ring cavities are important optoelectronic devices used in optical communi-
cation systems. The recently available silicon on insulator (SOI) technology allows us to reduce
this micro-ring device to micron size. Traditionally the physics and working principles of micro-
ring devices are well understood based on the assumption of uni-directional single and multi-mode
traffic within the waveguides. Although waveguide material loss as well as bending loss can only
be included in the theory, radiation and mode conversion loss are much harder to estimate. As
the devices become smaller, we can no longer neglect the more complicated wave physics. The
devices are too complex for analytical modal analysis.

Time-domain finite-difference (FD-TD) method is often used to study the transfer functions of
micro-ring cavity devices. It is well-known that long time simulation is needed to resolve sharp
resonances associated with the ring cavity. Also very small grid spacing must be chosen to capture
the fine structure in the SOI circuit. Long simulation time plus small grid size will all contribute
to the increased run time as well as the accumulated phase error due to FD grid dispersion. FD-
TD simulation also posses errors due to the imperfect time-domain based absorbing boundary
condition.

We combine highly accurate frequency-domain finite-difference (FD-FD) methods [1, 2], an index
averaging scheme for FD coefficients and the wave extrapolation absorbing boundary condition
to study SOI based micro-ring cavity devices.
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Guided Modes of Photonic Crystal Fiber Coupler Using Vector
Boundary Element Method

Jung-Sheng Chiang, Rui-Sheng Wang, Yu-Liang Chen, and Nai-Hsiang Sun
Department of Electrical Engineering, I-Shou University, Kaohsiung, Taiwan

Abstract— We report a numerical approach, base on the surface integral equations formula-
tions, to model the photonic crystal fiber for analysis of guided modes. Photonic crystal fibers,
also called microstructured fibers or holey fibers, have aroused great attention, because of their
unique advantages of control of light. PCFs are composed of a single material (generally silica)
with multiple air-holes periodically arranged around the core that run along the length of the
cladding. Coupler is one of essential components in optical fiber communication and optical fiber
sensing systems. It can be applied as dividing/combining the optical power in optical fiber net-
works, wavelength division multiplexer, interferometric sensors, and so on. A single power can
be divided into several branches and can be routed to different locations for additional purposes.
With the fusion process, the coupler must be twisted and tapered during fabrication. It may be
difficult to make 1 x 4 coupler using conventional optical fibers. The PCF has become possible to
create multicores in a single fiber without fusion process. It is rather easy to split the light into
surrounding cores in multicore PCFs. In this paper, we propose and investigate a new structure
of the 1 x 4 PCF coupler that can divide a single optical power equally into four ports with 6 dB
of power in each core. The structure consists of four identical cores surrounding an identical
central core. We use the vector boundary element method (VBEM) and couple-mode theory to
design and model the coupler.



202 Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013

Grating-assisted Coupling between Contra-propagated Modes

Nai-Hsiang Sun, Chia-Ming Hu, Shou-Feng Tsai, Tsum-Yen He,
Shih-Cing Lei, and Jung-Sheng Chiang
Department of Electrical Engineering, I-Shou University, Kaohsiung, Taiwan

Abstract— The contra-directional propagating modes can be coupled by assisted gratings. The
device is called the grating-assisted contra-directional coupler (GACC). Not like co-directional
couplers, the grating period of contra-directional couplers is shorter than that of grating-assisted
directional couplers (GADCs). In this paper, we analyze the contra-directional coupler with
gratings by Floquet-Bloch theory (FBT). The field distributions of GACCs and the dispersion
relationship of modes in the grating region are calculated by FBT. The discontinuity interfaces
between the grating and the non-grating region are analyzed by Mahmoud-Beal’s method. By
overlapping integrals of the fields, we obtain the transmission efficiency and reflection efficiency of
GACCs. The energy distribution in the grating region can be calculated as well. We successfully
simulate the transmission and the reflection spectrum of the coupler.
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Analysis of Fiber Bragg Gratings with Multi-grating Sections

Nai-Hsiang Sun, Chia-Ming Hu, Kun-Jhe Li, Fang-Jui Chang, and Jung-Sheng Chiang
Department of Electrical Engineering, I-Shou University, Kaohsiung, Taiwan

Abstract— Apodized fiber Bragg gratings (FBGs) have several properties such as superior
filtering performance and high side lobe suppression. Apodized FBGs have been widely developed
and applied in optical fiber technology. The coupled mode theory is the widely used numerical
method to analyze the fiber Bragg gratings. For the structure of uniform FBGs, the coupled mode
theory provides analytical solution of the transmission and reflection coefficients of the FBGs.
On the other hand, apodized FBGs can be simulated by a FBG with multi-grating sections.
In this paper, we use piecewise-uniform approach (PUA) with transfer matrix method (TMM)
to simulate apodized grating structures. The apodization profile of gratings is discretized into
numerous uniform grating sections. Moreover, Chebyshev-apodized Fiber Bragg Gratings are
analyzed in this paper. The reflection spectrum and the group delay of the Chebyshev-apodized
FBGs are evaluated in this paper.
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Analysis of Surface Plasmon Phenomenon of Multi-pair Array of
Silver Nanocylinders and Design

Po-Jui Chiang!, Fang-Chi Li', Nai-Hsiang Sun?, and Chia-Ming Hu?

!Department of Electronic Engineering
National Kaohsiung University of Applied Sciences, Kaohsiung, Taiwan
2Department of Electrical Engineering, I-Shou University, Kaohsiung, Taiwan

Abstract— The thesis mainly studies the local property of Surface Plasmon in the silver
metallic nanocylinders structure and near-field optical phenomenon. Our numerical method
based on the Finite-Element Methods has better convergence than Finite-difference the time-
domain method in complex structures. The result is demonstrated through studying a single
silver metallic nanocylinder. In addition, to efficiently enhance Surface Plasmon, we design
several useful geometrical patterns and construct them from silver metallic nanocylinders.
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Investigation of Frequency-domain Absorbing Boundary Conditions
for the Helmholtz Equation

Hung-Wen Chang
Department of Photonics, National Sun Yat-Sen University
70 Lien-Hai Rd., Kaohsiung 80424, Taiwan, R.O.C.

Abstract— We present the analysis of various frequency-domain absorbing boundary condition
(EM-ABC) for the Helmholtz equation. In addition to the well-known methods investigated by
Engquist-Majda and Lindman we will also present our work based on layer-mode, LMABC [1]
and the plane wave extrapolation method. For Engquist-Majda ABC the time-domain imple-
mentation of the one way equation is only first-order accurate in both temporal and spatial step
size [2], in frequency-domain realization we are able to increase the accuracy of ABC.

There are two classes of FD-ABC, the global and the local ones. In global ABCs, such as
the LMABC, all bordering points on the same edge/face are coupled. They are very accurate,
capable of absorbing both propagating and evanescent waves, but are very difficult to implement
for complex structures. On the other hand, for points on the edge of the computational domain
implemented with local ABCs, they are coupled only to their immediate neighbors. Local ABCs
are not as efficient in transmitting out-going waves but they are much easy to construct and
can handle corner points much better than the global one can. Unlike the global ABCs, the
resulting FD stencils for local ABCs are compact and do not increase the cost of solving the
linear equation.

To compare effectiveness of various ABCs we shall compute the plane wave reflection coefficients
of as function of the incident angle and grid size. Numerical results of computation of the 2D
free space Green’s function using various ABCs will also be discussed.
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Comparison of Frequency-domain Absorbing Boundary Conditions
for the Helmholtz Equation

Hung-Wen Chang
Department of Photonics, National Sun Yat-Sen University
70 Lien-Hai Rd., Kaohsiung 80424, Taiwan, R.O.C.

Abstract— We present the analysis of frequency-domain absorbing boundary condition (EM-
ABC) for the Helmholtz equation. In addition to the well-known methods investigated by
Engquist-Majda and Lindman we will also present of work based on LMABC [1] and plane
wave extrapolation method. While the time-domain implementation of the one way equation is
only first-order accurate in both temporal and spatial step size [2], in frequency-domain realiza-
tion we are able to increase the accuracy of ABC. We derive the plane wave reflection coefficients
of as function of the incident angle and grid size. Numerical results of computation of the 2D
free space Green’s function using various ABCs will also be discussed.
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Local Field Expansion Coefficients for Dielectric Media with
Interfaces Based on the Method of Connected Local Fields

Hung-Wen Chang and Sin-Yuan Mu
Department of Photonics, National Sun Yat-Sen University, Taiwan

Abstract— We proposed the method of connected local fields, CLF [1,2] as a semi-analytical
technique for obtaining solutions of the Helmholtz equation. In CLF the EM fields are expressed
as collection of overlapping local fields called patches. For wave in a 2D homogeneous medium
we show that the local field in a given patch can be approximated by truncated Fourier-Bessel
(F-B) series and the F-B coefficients are related to the control points on the surface of the given
patch. This leads to a compact FD-FD stencil we called LFE-9 formulation.

In this paper, we report a modified stencil for field near a dielectric interface depicted in Figure 1
where two dielectric materials are met with a horizontal interface. We consider this case with two
approaches. First, we use two F-B series one for the upper and the other for the lower region.
We then require that both the tangential £ and the H field be continuous across the interface
to obtain the modified LFE-9 stencil. We may also consider the local field be approximated
by multiple plane waves incident from all directions with transmitted and reflected plane waves
that automatically satisfy the phase matching condition. The coefficients of these incident (plus
reflected and transmitting) waves are determined from the surrounding eight fields on the square.
Numerical results show that two coefficient sets agree well within one percent.
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Figure 1: The unit square of a 2D local field showing nine control points and a horizontal dielectric interface.
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Effects of Residual Stress on Assembled SAW Strain Sensors

J. Hempel', J. Wilde?, and L. M. Reindl!

'Laboratory for Electrical Instrumentation
Department of Microsystems Engineering, IMTEK
University of Freiburg, Germany
2Laboratory for Assembly and Packaging Technology
Department of Microsystem Engineering, IMTEK
University of Freiburg, Germany

Abstract— State of the art SAW strain sensors have a vast range of application as passive
wireless sensing devices. The measurement principle has been already well investigated and
frequently reported in literature. However the challenges in assembly and packaging of SAW
sensors for structural integration in measurement applications still exist. Since residual stress
affects the SAW sensor performance, it is mandatory to analyze these effects. This work focuses
on investigations of stress factors in SAW strain sensors induced by the thermo mechanical load
during sensor assembly.

In the presented work SAW strain sensors were assembled on heat-treatable steel carriers. Dif-
ferent adhesives have been used for sensor mounting, which were already pre-investigated and
particularly suitable for SAW strain sensor application. The assembly process has been developed
and adapted for SAW bare die devices. The sensor response was measured and analyzed with a
network analyzer before and after assembly. The sensor deformation due to thermo mechanical
stress was measured with white light interferometry. The sensor deformation was compared with
the simulated sensor deformation, using a 3D FEM. The simulated and analytically computed
sensor stress and the measurements from the SAW strain sensors were compared.

Additionally, the SAW strain sensor response was investigated with respect to the temperature
dependency. A probe station with an integrated thermo-chuck has been used for the measure-
ments up to 125°C. In conclusion, the whole assembly has been aged in a thermal step at 150°C
and the sensor performance as well as the sensor deformation was analyzed.

The experimental and simulation results obtained in this work contribute to a better understand-
ing of SAW strain sensor assembly and the effects of residual stress on the sensor performance.
Furthermore, this work leads to consolidation of passive wireless SAW strain sensors as reliably
measurement devices.
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Design of Second-order Inductive-coupled Resonator-based
Bandpass Filter with Controllable Multiple Transmission Zeros

H.-H. Huang and T.-S. Horng
Department of Electrical Engineering, National Sun Yat-Sen University, Kaohsiung 804, Taiwan

Abstract— This study proposes synthetic design for a compact LTCC bandpass filter with high
rejection over a wide stopband for use in 2.4-2.5 GHz WLAN application. The presented design
derives formulas for synthesizing a filter to meet the specification requirement in the passband
insertion and return losses as well as the stopband attenuation. The presented bandpass filter has
feedback paths for a coupled capacitor and a grounding inductor to provide controllable multiple
transmission zeros at 5.0 GHz and 3.3 GHz stopband, resulting in high stopband rejection in 4.8
to 5.0 GHz range and 3.2 to 4.8 GHz range, which suppresses the second harmonic generation
and Ultra-wideband (UWB) signal. Experiments results are very agreement with the full-wave
simulation results.
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Exact Synthesis of a Compact Dual-band Filter with an Asymmetric
Response

Vincent Lunot and C.-M. Tsai
Department of Electrical Engineering, National Cheng Kung University
1 University Road, NCKU-EE, Tainan 70101, Taiwan

Abstract— Microstrip dual-band filters with commensurate transmission-line sections are usu-
ally designed based on the periodicity of the Richards’ variable jtan ¢ [1]. The quarter-
wavelength frequency is therefore between the two passbands. We propose here to directly syn-
thesize a dual-band bandpass filter as a single-band filter whose band contains the two passbands.
The quarter-wavelength frequency is therefore taken higher than the upper bound of the second
passband and consequently all the transmission-line sections become shorter. Furthermore, when
the periodicity of the Richards’ variable is used in the traditional way, the second passband is a
transformed version (mirror) of the first one, and therefore the number of zeros in each band is
always the same. Synthesizing directly the two passbands as proposed allows to take a different
number of zeros in each band. Omne problem of the method presented here is that when the
two passbands are far from each other, realizing directly the filter is equivalent to designing a
wideband filter, which is usually limited by the requirement of ideal coupling elements. We will
consider such an example and therefore compute a filtering function that doesn’t require any
ideal coupling elements.

An example is studied with central frequencies for the two passbands at 2.45 GHz and 5.25 GHz
and respective bandwidths of 10% and 3%. The quarter-wavelength frequency is taken at 10 GHz.
We consider an all pole filtering function of order 7 to realize these specifications. We first compute
a lowpass response thanks to a Remes-like algorithm [2] that guarantees an optimal rejection.
Note that such an optimal function is not equiripple and that it has two complex conjugated
zeros in the first band. We next transform the lowpass response to the real frequencies thanks to
the classic lowpass to bandpass transformation. Since the lowpass response is asymmetric, the
bandpass response is also asymmetric with respect to the real frequency zero, and consequently
doesn’t lead to a reflection function S7; with real coefficients. We therefore modify the bandpass
response to obtain a reflection function with real coefficients by using only the right-hand plane
zeros. The response of the modified function is close to the original one and both responses
are plotted in Figure 1. Darlington’s synthesis [3] is finally used to obtain a circuit with stub
elements.
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ll_\i
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Figure 1: Comparison of the transformed low pass function (blue) and the obtained symmetric function
(green) for (b) real frequencies and (a) “negative frequencies”.
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Design of Dual-band Coupling Matrix-based Matching Network

Chieh-Sen Lee and Chin-Lung Yang
National Cheng Kung University, Taiwan

Abstract— This study developed a novel dual-band matching technique based on a coupling
matrix transformer that matches complex load impedances at two frequencies simultaneously.
Matching performance can be significantly improved by the dual-band filter-based matching
network at operation dual-bands. Especially, excellent selectivity at the operation frequencies and
rejection capability in undesired bands can be achieved. A general design principle is analyzed,
and the results of numerical examples demonstrated that complex impedances can be successfully
matched at two arbitrary frequencies simultaneously with excellent performance rates.
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A Low-power K-band VCO Using Switchable Active Circuit Design

Szu-Ling Liu!, Xin-Cheng Tian?, Yue Hao?, Y. C. Huang', and Albert Chin!

!Department of Electronic Engineering, National Chiao Tung University, Hsinchu 300, Taiwan
2School of Microelectronics, Xidian University, Xi’an, China

Abstract— The CMOS-based VCO has been widely used for communication ICs. However, the
VCO suffers from the relatively high 1/f noise of MOSFET, poor Q-factor of on-chip inductor,
high RF loss Si substrate, and limited tuning range of varactor. These issues make the high
performance and low-power goals more difficult in CMOS VCO.

To address the low-power challenge, transformer-based feedback VCO (TF-VCO) were proposed
and demonstrated. Using TF-VCO architecture, larger dynamic Vg, voltage swing under a low
supply voltage can be achieved to improve the signal-to-noise ratio (SNR) in VCO circuit. The
higher Q-factor than on-chip inductor is other advantage of transformer in a similar size. However,
it is difficult to design TF-VCO at high frequency due to the parasitic capacitance in transformer.
Besides, the tuning range is still limited by the CMOS-based varactor and seldom exceeds 10%.

In this abstract, we demonstrated a novel low power K-band TF-VCO based a standard 90 nm
CMOS technology. At 18 ~ 20 GHz K band frequency, low power consumption of < 3mW,
a wide 12.2% tuning range, low phase noise of —115 ~ —114dBc¢/Hz (1 MHz offset), excellent
figure-of-merit-with-tuning-range (FOMr) of —182 ~ —192dBc/Hz and small core circuit area
of 0.4-mm x 0.24-mm were achieved simultaneously. These performances were possible by the
bias-varied method in circuit to control the DC power at different frequency ranges.
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Design and Characterization of Cryogenic Wideband LNA Using
WIN 0.15 um GaAs pHEMT Process

Ying Chen', Bin Li!, Kun-Long Wu?, and Robert Hu?

ISHAO, Chinese Academy of Sciences, China
2College of Electrical and Computer Engineering, NCTU, Taiwan

Abstract— This manuscript describes our progress in the development of cryogenic wideband
LNA for radio-astronomical applications. With technology maturity and fabrication cost taken
into account, the WIN 0.15 pum GaAs pHEMT process is used for the 5-10 GHz and 820 GHz
LNA design. Room-temperature S-parameters and noise temperature are measured first, with
gain larger than 20 dB, input and output reflection coefficients below —10dB within the intended
bandwidth. As for the cryogenic noise measurement, the 6 dB cold-attenuator method is used to
obtain the corresponding T;, at different ambient temperatures. A noise improvement factor of 3
is observed for cryogenic LNA designed with this 0.15 um GaAs process.
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A 0.7V Ka-band MMIC Amplifier in 65 nm CMOS Technology

Yu-Shao Jerry Shiao!, Hsuan-Der Yen?, and Guo-Wei Huang!'3

I'National Nano Device Laboratories, Hsinchu 300, Taiwan, R.O.C.
?Institute of Electronics Engineering, National Tsing Hua University
Hsinchu 300, Taiwan, R.O.C.
3Department of Electronics Engineering, National Chiao Tung University
Hsinchu 300, Taiwan, R.O.C.

Abstract— Wideband satellite data communication at Ka-band frequency is gradually impor-
tant due to globally mobile internet access demand. Low cost and low power CMOS MMICs
are certainly the critical building blocks of Ka-band transceivers. Moreover, MMICs in CMOS
technology are strongly suggested for consumer markets to further be combined with baseband
digital circuits as a system-on-chip (SOC). However, portable battery-powered electronics may
need low voltage devices to function properly most of the time. Unlike digital circuits may work
at low voltage naturally, CMOS MMIC design may be difficult with such low supply voltage even
in ultra-deep submicron technology. Thus, we have investigated and successfully designed a 26—
30 GHz Ka-band low power CMOS MMIC amplifier in 65 nm CMOS technology. The amplifier
only consumes 8 mW. The gain, S31, is 19.6 dB while the supply voltage is 0.7 V. The bandwidth
is about 4 GHz. The amplifier consists of three common source stages and two Pi-type matching
networks. One of the matching networks is used to boost voltage gain at the first stage rather
than power gain. Voltage gain is more important than power gain within MOS transistors. In
this project, the technique successfully increases the overall power gain of the amplifier. The
peaks of the return losses, S1; and Say are lower than 10 dB. The chip size is 0.7 mm?.
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A 3.5 GHz Single-Pole Double-Throw T /R Switch with High P1dB
Implemented in a 0.35 ym GalN-on-Si HEMT Process

Hsuan-Ling Kao, Chih-Sheng Yeh, and Hsien-Chin Chiu
Department of Electronic Engineering, Chang Gung University, Tao-Yuan, Taiwan

Abstract— This paper presents a high linear and power handling single-pole double-throw
(SPDT) T/R switch for WLAN applications. The SPDT switch has been fabricated using 0.35 pm
GaN HEMT on silicon substrate technology. The SPDT switch achieves 1.74dB insertion loss
and 35 dB isolation at 3.5 GHz. The switch exhibits 30 dBm (1 W) P1dB at 3.5 GHz with control
voltage of 10/0V. The low insertion loss and high P1dB are achieved by optimizing the transistor
widths and minimizing the source/drain-to-body capacitances The fabricated SPDT switch chip
size is 1.3 x 1.85 mm?.
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Plasmonic Band Edge Effects in Periodic Metallic Gratings

Wei E. I. Sha and Ling Ling Meng
Department of Electrical and Electronic Engineering
The University of Hong Kong, Pokfulam Road, Hong Kong, China

Abstract— For photonic crystals, forward and backward traveling waves constructively inter-
fere with each other, resulting in standing waves. Due to the Bragg scattering in periodic photonic
structures with modulated refractive indices, the degenerate standing waves split into two band
edge modes with field concentration in different regions. Between band edge frequencies, a band
gap will be opened up due to the destructive interferences of traveling waves. Although it is
non-intuitive that the phenomena could happen in metallic structures, no physical law forbids
their existences. Critically different from traveling waves in photonic crystals, forward and back-
ward surface plasmon waves constructively interfering with each other induce two plasmonic band
edges with splitting resonance frequencies, which is due to the periodically modulated refractive
indices of metallic grating structures. The plasmonic band edge resonance plays an important
role in versatile engineering applications, such as surface enhanced Raman scattering, solar cells,
nanoantennas, optical metamaterials, etc. To clarify the physical origin of plasmonic band edge
resonance, both excitation and eigenvalue analyses for the metallic grating are carried out. Par-
ticularly, a universal eigenvalue solver is developed to compute the complex Bloch band diagram
(dispersion relation) of dispersive periodic structures. The work provides a theoretical foundation
and physical interpretation to the plasmonic band edge effect.
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Ridge-type Semiconductor Laser with a Partially Undoped
Antiguiding Cladding Layer for Horizontal Transverse Modes

Guowei Chai and Takahiro Numai
Ritsumeikan University, Japan

Abstract— High power 980-nm semiconductor lasers are indispensable for pumping sources
of erbium doped optical fiber amplifiers. Generally, 980-nm semiconductor lasers have ridge
structures so as not to expose their active regions to air during their fabrication, because the
active regions are easily oxidized and degraded in air. In the ridge structures, higher-order
transverse modes as well as the fundamental transverse mode are confined. As a result, with
an increase in injected current, higher-order transverse modes lase; kinks appear in their current
versus light-output (I — L) curves. These kinks are attributed to changes in the local gain profile
and refractive index owing to spatial hole burning, the free-carrier plasma effect, and heating. To
obtain high fiber-coupled optical power, semiconductor lasers with high kink levels operating in
the fundamental transverse mode are required. To date, to increase kink levels, coupling of the
optical field to the lossy metal layers outside the ridge, highly resistive regions in both sides of
ridge stripe, and incorporation of a graded V-shape layer have been demonstrated. To increase
kink level and decrease the threshold current further, a ridge structure with optical antiguiding
layers have been proposed, but the fabrication process is fairly complicated. In order to make
the fabrication process more simple and increase kink level, a ridge structure with an antiguiding
cladding layer for horizontal transverse modes has been proposed. In this structure, the kink has
not appeared, but the threshold current has increased.

In this paper, a novel ridge structure with a partially undoped antiguiding cladding layer for
horizontal transverse modes is proposed, and lasing characteristics are simulated. In the proposed
ridge structure, kink levels are improved by suppressing spatial hole burning and lowering optical
gains for higher-order transverse modes with the step d of the antiguiding cladding layer. The
spreading of the carriers is suppressed with the undoped cladding layer. For 90nm < d < 210 nm,
kink-free laser operation is obtained up to the injected current of 2 A. The lowest threshold current
with kink-free operation is 44.3mA at d = 125nm. This value is 77% of 57.5mA in the previous
work.
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Enhanced Visible Photoluminescence of SnO,;/Gd203 Co-doped
Glasses

Yu Tong, Yinyao Liu, Jing Ren, and Guorong Chen
Key Laboratory for Ultrafine Materials of Ministry of Education
School of Materials Science and Engineering
East China University of Science and Technology, 130 Meilong Rd., Shanghai 200237, China

Abstract— Many investigations on optical glasses for different applications have been reported
in recent years. This is because glasses can be used as the ultraviolet and visible transmitting
matrices for hosting different functional ions, atoms or molecules. Although rare earth ions
have been used as main functional centers, some special attention has also been given to semi-
conductive oxides, such as ZnO and SnQOs.

In the present work, SnOs doped strontium phosphate glasses (75P205-255rO) are prepared
and their enhanced visible photoluminescence properties are investigated by co-doping GdsOg3 of
different concentrations (2.5, 5, 7.5, 10, 15 mol%). Absorption and photoluminescence (emission
and excitation) spectra are presented and discussed. Results show that SnO, and Gd3* can be
co-stimulated by the 267 nm excitation source with both broad emission band of SnOs at 420 nm
and sharp one of Gd®* ions at 312nm. Much enhanced visible emission from SnQOs, is observed
with the increased GdyO3 co-doping, while Gd®>t emission becomes weaker. Besides, excitation
spectra show the doubled integrated excitation cross-section (ECS) upon SnOg/Gd3?* co-doping,
which benefits for energy harvesting of light sources, indicating an efficient sensitization effect of
Gd>?* on SnO,. The relevant mechanism is discussed with respect to the involved energy transfer
and cross relaxation process between SnOs and Gd3t ions.
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Evaluation of Nonlinear Effect Impact on Optical Signal
Transmission over Combined WDM System

V. Bobrovs, A. Udalcovs, R. Parts, and I. Trifonovs
Institute of Telecommunications, Riga Technical University, Latvia

Abstract— The transmission throughput over the existing wavelength division multiplexed
(WDM) fiber-optic transmission systems (FOTS) can be increased in the following manner: using
higher per channel bitrates, narrower channel spacing or wider amplifier bandwidth. The first
approach used for achieving a higher system capacity throughput was the introduction into the
systems new channels with higher per channel bitrate since such solution can be deployed on
existing FOTS and is capable with current network architecture. Although it is a short term
solution since it requires free and for transmission suitable band. Such band is limited not
only with the “WDM-suitable” bandwidth of silica optical fiber but also with the bandwidth
of FOTS elements such as inline optical amplifier (e.g., erbium doped fiber amplifier (EDFA))
and dispersion compensation module (e.g., based on the use of dispersion compensating fiber
(DCF) or chirped fiber Bragg grating (FBG)). So, the increase of “for WDM-suitable” band
utilization (or increase of spectral efficiency) allows to reduce the number of channel required
for the transmission of the same data body as compared with relatively spectrally inefficient
WDM systems (i.e., SE < 0.2bit/s/Hz). As well as allows postpone the shortage of “for WDM-
suitable” band and avoid the deployment of new optical fibers. That is why the method of
increase of transmissions SE has some characteristics that are adequate for future needs and
requirements of continuous traffic growth. Obviously, it is necessary to evaluate the impact of
all fiber nonlinearities to optical signal transmission over the purposed model of combined WDM
system designed for the future optical transport networks.

The authors have investigated the impact of nonlinear distortions to optical signal transmission
over proposed configuration of combined wavelength division multiplexed (WDM) fiber-optic
transmission system (FOTS). In chosen model of ultra-dense combined WDM system optical
signals are transmitted with two different per channel bitrates (i.e., 10 and 40 Gbit/s) and three
different optical signal modulation formats are used for the encoding of transmitted data body
(i.e., non-return to zero encoded on-off keying or NRZ-OOK, orthogonal polarization shift keying
or 2-POLSK and NRZ encoded differential phase shift keying or NRZ-DPSK) and in addition
“non ITU-T” defined minimum and equal frequency intervals are used for the channels separation.
Generally, investigated 9-channel combined WDM system complies with the following configura-
tion scheme: [1st (fc = 193.025 THz), 4th and 7th channels: NRZ-OOK, R = 10 Gbit/s] — [2nd
(fe =193.100 THz), 5th and 8th channels: 2-POLSK, R = 40 Gbit/s] — [3rd (fc = 193.175 THz),
5th and 9th channels: R = 40 Gbit/s]. The developed concept of the combined WDM systems
is offered as model for the future design of optical transport networks. This research revealed
that 2-POLSK modulated signals are more susceptible to the impact of SPM in such ultra-dense
combined transmission mode than, e.g., NRZ-DPSK signals.
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Performance Improvement of Spectrum-sliced Passive Optical
Network

G. Ivanovs, S. Spolitis, R. Parts, and V. Bobrovs
Institute of Telecommunications, Riga Technical University, Latvia

Abstract— Spectrum-sliced dense wavelength-division-multiplexed passive optical network (SS-
DWDM PON) is an attractive and cost effective solution to satisfy the growing worldwide demand
for transmission capacity in the next generation fiber optical access networks. Traditional WDM
systems have multiple transmitter lasers operating at different wavelengths, which need to be
wavelength selected for each individual channel operated at a specific wavelength. It increases
complexity of network architecture, cost and wavelength (channel) management. The strength
of spectrum-sliced WDM PON technology is use of one common broadband seed light source
and its ability to place electronics and optical elements in one central office (CO), in that way
simplifying the architecture of fiber optical network. Such optical systems benefit from the same
advantages as WDM, while employing low cost incoherent light sources like amplified sponta-
neous emission (ASE) source or light-emitting diode (LED). One of the problems is that the
ASE spectrum originally resulting on the output of EDFA is irregular and manipulation with
EDFA parameters must be done to make it more flat. Flat optical spectrum of ASE source is
an important premise to achieve minimal output power level fluctuations of obtained channels
after spectrum-slicing operation and provide stable data transmission with BER < 107! over
the specified fiber optical link length. In this paper we successfully demonstrate the optical link
reach improvement by implementation of chromatic dispersion compensation for cost effective
spectrum-sliced DWDM PON system with data rate 2.5 Gbit/s per channel as well as realization
of broadband ASE light source with output power +23 dBm, channel power variation less than
0.42 dBm and flat spectrum in wavelength range from 1545.32nm to 1558.98 nm (C-band).

Investigated optical system is built on the ITU-T DWDM frequency grid, defined in recommen-
dation G.694.1 and therefore it is potentially much more compatible with other already existing
WDM PON optical systems. In this way it is possible to replace the classic WDM PON system
with our proposed extended-reach spectrum-sliced WDM PON system and reduce complexity
of network architecture as well as cost per one user. It is shown that CD compensation has an
important role for guaranteed downstream optical link performance and maximum transmission
line length of high speed SS-DWDM PON system.
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Numerical Investigation of Mode Birefrigence and Confiment Loss
of Different Air Hole Patterns in Photonic Crystal Fiber Cladding

Yuan-Fong Chau, Shinn-Fwu Wang, Yi Chu, and Wayne Yang
Department of Electronic Engineering, Chien Hsin University of Science and Technology
No. 229, Jianxing Rd., Zhongli City, Taoyuan County 32097, Taiwan, R.O.C.

Abstract— In this work, the optical mode birefringence and confinement loss of the photonic
crystal fiber with different patterns of air holes are investigated by using a full-vector finite
element method (FEM). Numerical results obtained from FEM show that a ultrahigh modal
birefringence and low confinement loss of rectangular lattice PCF with rectangular air holes at
excitation wavelength A = 1550 nm can be achieved larger than a magnitude of 8.0 x 1072 and
less than 10~2 dB/km, respectively. Noting that a ultrahigh birefringence up to 2.0 x 1072 can
be achieved from the case of circular air hole PCF, which is the highest value compared to
conventional circular air holes PCF. The asymmetry formed by pressing air holes along z-axis
in cladding of rectangular lattice PCF's is one of the vital factors in determining the localization
extent of the transverse mode. We utilize the intrinsically large index contrast in PCFs in
combination with asymmetric cladding designs. The merit of our designed PCFs is that the
birefringence and confinement loss can be easily controlled by changing the air hole size along
the direction of z-axis.
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Design of an Optimal Benes WEX Architecture Based on Sufficient
Permutations
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'Department of Computer and Communication Engineering
National Kaohsiung First University of Science and Technology, Kaohsiung, Taiwan
?Institute of Engineering Science and Technology
National Kaohsiung First University of Science and Technology, Kaohsiung, Taiwan
3Center of General Education, Kao Yuan University, Kaohsiung, Taiwan

Abstract— In order to achieve nonblocking connection, all the switching networks are designed
to provide connections of full permutations. To reduce the hardware complexity, we propose
designing wavelength-exchanging cross connect (WEX) to support sufficient permutations instead
of full permutations. In this paper, we propose an algorithm to construct an optimal Benes WEX
architecture with sufficient permutations. The idea is to select a minimal number of switching
elements in a Benes WEX so that all connections of sufficient permutations can be provided.
Our case study results show that the architectures of our proposed WEX based on sufficient
permutations in the cases of 2 and 4 wavelengths in each fiber can to save up to half switching
elements compared with that of the existing Benes WEXSs based on full permutations.
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Analysis of Anisotropic Diffraction in Volume Gratings Using Liquid
Crystal Composites
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Abstract— A micro-periodic structure composed of polymer and liquid crystal (LC) phases is
called holographic polymer dispersed liquid crystal (HPDLC) grating. The HPDLC grating has
been applied for grating formation to obtain both high optical efficiency and electric switching
function. Moreover, HPDLC grating shows polarization dependence in diffraction efficiencies
against the incident polarization state of laser light.The anisotropic diffraction is modulated by
the distribution of submicrometer-scale liquid crystal (LC) droplet in a polymer matrix using
interferometric laser exposure.The refractive-index modulations (ns, n,, n.)in grating medium
corresponding to the three dimensional directions are obtained by applying theoretical calcula-
tion based on the anisotropy for the experimental results of angular dependence of diffraction
efficiencies in various grating structures.Also the microscopic origin of the anisotropic property
is investigated by optical polarization microscopy and scanning electron microscopy (SEM). Our
analysis shows that the diffraction efficiency and the characteristic ratio of diffraction efficiency
in polarization parallel to the grating vector to that in polarization perpendicular to the grating
vector are markedly affected by the refractive-index modulations. The variation of refractive-
index modulations is considered to be produced by the orientation of the LC molecules in LC
phase depending on the grating structure. The theoretical and experimental investigations clar-
ify that the anisotropy in HPDLC grating is dependent on refractive-index modulation based
on the orientation of LC molecules, and the order of LC orientation is obviously changed with
grating configuration composed of small LC droplets such as grating thickness and slanted angle
of grating.
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Temperature Dependable Holographic Memory Using Holographic
Polymer-dispersed Liquid Crystal
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Abstract— Grating devices using photosensitive organic materials play an important role in
the development of optical and optoelectronic systems. High diffraction efficiency and polariza-
tion dependence achieved in a holographic polymer-dispersed liquid crystal (HPDLC) grating
are expected to provide novel polarization controllable optical devices, such as the holographic
memory for optically reconfigurable gate arrays (ORGAs). However, the optical property is af-
fected by the temperature change under environments where the HPDLC devices are applied. We
propose the temperature dependable holographic memory using the combination of nematic LC
and LC diacrylate monomer materials. Holographic polymer dispersed liquid crystal (HPDLC)
memory is fabricated by a photo-induced phase separation technique using laser light interfer-
ence exposures for the LC and polymer composites with different physical properties, such as
refractive indices and the temperature at clearing point. The temperature dependence of the
diffraction efficiency in holographic memory is investigated for various LC composites materials.
The anisotropic diffraction induced by the alignment of LC in periodic structure in the HPDLC
memory is confirmed to be maintained at high temperature over 100°C by adjusting the combi-
nation of refractive index of LC and polymer materials. The experimental results demonstrate
that the holographic memory fabricated by the LC diacrylate monomer (Merck RM257) and the
nematic LC (Merck MLC7023) of low refractive index between extra-ordinary and ordinary in-
dices (n. and n,) can reconstruct the configuration contexts to implement optical reconfiguration
under harsh environmental condition in the high temperature.
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Investigation on Band Gap Characteristics in a Two-dimensional
Photonic Crystal with Honeycomb Structure

Shanglin Hou, Rui Lv, Yanjun Liu, Jingli Lei, and Suoping Li
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Abstract— Photonic crystal is a periodic arrangement of dielectric materials in one, two or
three dimensions, which exhibits a “forbidden” frequency region where electromagnetic waves
cannot propagate along any direction. In a two-dimensional (2D) photonic crystal, the electro-
magnetic waves can be decoupled into two different polarized modes. These polarized modes
are known as transversal magnetic (TM) polarized mode and transversal electric (TE) polarized
mode. An absolute photonic band gap (complete TEM band gaps) exists for a 2D photonic
crystal only when photonic band gaps in both polarization modes are present and they overlap
each other. Photonic crystals have many potential applications and most of them rely on their
band structures.

Photonic band gaps for TE and TM modes occur at different frequency regions and only in select
structures both of them exist at the same frequency region giving rise to complete photonic band
gap. In order to obtain a large absolute photonic band gap, a sufficient overlap between both
TE and TM band gaps is important. Many attempts have already been made to design various
kinds of photonic crystal structures, which are not easy for fabrication and the geometric shape
is complex, although these structures can offer larger complete photonic band. Yuan et al. have
studied the band gap characteristics of two- dimensional photonic crystal with triangular lattice
structure and square lattice structure, however they haven’t reported the TE band gaps and TM
band gaps are responsible for the formation of complete TEM band gaps.

In this letter, we investigate the band gap characteristics of a two-dimensional photonic crystal
consisting of honeycomb lattices for the TE mode, TM mode and complete TEM gaps by using
the plane-wave expansion method. We concentrate on the effect of the relative dielectric constant
and filling ratio. The results indicate that the TE band gaps and TM band gaps are responsible
for the formation of complete TEM gaps; When r/a = 0.32, &, = 26, for the circular dielectric
rods structure, the largest complete photonic band gap exists with the normalized gap width
AGmax/wo = 25%. The study provides useful basic theory in the design of various complete
photonic band gap-based devices or integrated photonic circuits.



Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013 231

Study on Characteristics of the Photonic Crystal Fibers with Three
Zero-dispersion Points
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Abstract— Photonic crystal fibers (PCFs) have attracted considerable attention as optical
fiber transmission media and fiber-optic devices owing to the flexible tailor of their chromatic
dispersion over a wide wavelength range, the controllability of their effective mode area and
nonlinearities as well as their low confinement loss. So many novel optical properties are due to
the position and size of the air-holes around the core of the PCFs. PCFs have been considered for
fiber-optic devices but also as a candidate optical transmission medium for future large capacity
photonic networks. And now wavelength division multiplexing (WDM) systems are widely used
to improve the capacity of networks. Though the realization of higher bit-rate WDM transmission
will be required in the future, the dispersion and the nonlinearity of the optical fiber degrade the
transmission characteristics. So far people use dispersion compensation techniques to compensate
for the dispersion and enlarge the effective area of optical fiber for reducing nonlinearity.

The photonic crystal fibers with three zero-dispersion points present a very rich phase-matching
topology enabling enhanced control over the spectral locations of the four-wave-mixing and
resonant-radiation bands emitted by solitons and short pulses, because of the presence of a third
zero-dispersion point. The spectral evolution and the time-frequency characteristics of the soliton
in PCFs owning three zero-dispersion wavelengths have been reported and the result shows that
in high frequency normal dispersion region the blue-shifted dispersive wave was emitted by the
dispersion wave solution.

In this paper, we investigate the properties of the PCFs, which have three zero-dispersion wave-
lengths, by adjusting the air-hole diameters of the structure parameters in the cladding and
studied the influence of dispersion and nonlinearity on the structure parameters. The results
show that in these PCF's broad anomalous dispersion region around the wavelength of 1550 nm,
the lower dispersion in the normal dispersion region and larger effective mode area of the PCFs,
where the effective mode area A5 are sufficiently larger than that of the multicore fibers (effective
area about 120 um? at 1550 nm). These PCFs are expected to be used in optical networks with
wavelength of 1260 nm-1625nm (O-L bands), such as access networks and long haul networks.
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Investigation on Slow Light of Uniform Fiber Bragg Gratings

Jingli Lei, Shanglin Hou, Rui Lv, Yan-Jun Liu, and Suo-Ping Li
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Abstract— The interest in slow light research has been attracted due to its potential applica-
tions in optical communication components and sensors devices. Such as slow light buffers, delay
lines and laser radar, etc.. J. T. Mok reported the dispersionless slow light with 5-pulse-width
delay in fiber Bragg gratingin 2007 and the excitation of gap solitons in a 30cm fiber Bragg
grating using 0.68 ns pulses, which emerge with a tunable delay of up to 3.2ns corresponding to
almost five pulse widths and without broadening. In 2008, Myungjun Lee, Ravi Pant and Mark
A. Neifeld reported the improved slow-light delay performance of a broadband SBS system using
fiber Bragg gratings, they presented a technique for improving the pulse-delay performance of a
SBS based broadband slow-light system by combining with fiber Bragg grating and optimize the
physical device parameters of three systems. Pump power consumption is reduced by 15% as
compared to the broadband SBS system at the same bit rate. In 2009, Qian Kai, Zhan Li, etc.
reported the tunable delay slow-light in an active fiber Bragg grating which achieved tunable
optical delay by using the Er/Yb codoped fiber Bragg grating, a controllable delay of 0.9ns can
be obtained through changing the 980 nm pump power. It provides a very simple approach to
control the light group delay.

In this paper, the slow light based on the uniform fiber Bragg gratings is investigated and the
influence of the grating of length, “dc” index change spatially averaged over a grating period
and fringe visibility of the index change on group delay is demonstrated by means of numeric
simulation. The research results indicate that the impact of “dc¢” index change spatially averaged
over a grating period on group delay is most obviously, the maximum value of the group delay of
140.087 ns can be obtained and slow light decays exponential at the edge of reflected spectrum
of the fiber Bragg gratings.
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Optical Fiber Nonlinear Coefficient Measurements Using FWM
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Abstract— Telecommunication market needs for broadcasting channels determine the progress
of development of high speed fiber optics telecommunication systems (FOTS). The total average
demand for the data is increasing more and more rapidly [1].

Increasing data rates leads tomuch higher requirements to optical signal to noise ratio (OSNR)
and bit error ratio (BER) which inevitably decreases as signal propagates along the optical fiber
(OF) line due to linear effects (attenuation and dispersion) and non-linear effects. In addition
nonlinear effects’ influence is more dangerous because it is more complicated to compensateand
it may eventually degrade an optical signal to be unrecognizable at the receiver.

Parameter that characterizes OF’s nonlinearities is nonlinear coefficient . Traditional telecom-
munications OF’s v is not very high (around 2.5 W~'km~!). But high optical radiation inten-
sities in the OF core and long transmission distances lead to considerable nonlinear interaction.
Therefore this parameter is very essential especially for the fibers that are used in high data rates
FOTS.

In this research, v parameter measurements using nonlinear phenomena four-wave mixing (FWM)
are performed. Experimental measurement scheme is shown in the Fig. 1. Pump and signal laser
wavelength are set to be in the OF’s zero dispersion region to achieve better FWM interaction
efficiency. It has been established that measured nonlinear coefficient value is decreasing accord-
ing to increase in the pump and signal laser wavelength separation AX. This can be explained
by phase matching condition deterioration as two optical components are located further away
each from the other. Calculations are performed to find out exact A\ for which the v parameter
is constant.
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Figure 1: Measurement scheme for optical fiber v parameter measurement using FWM.

REFERENCES

1. Hecht, J., “Recycled fiber optics, how old ideas drove new technology,” Optics and Photonics
News, Vol. 23, No. 2, 22-29, 2012.



234 Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013

Multi-level Pores, Size-tunable Fe;0O, Nano/Submicrospheres for
Electromagnetic Wave Adsorption
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Abstract— Multi-level pores, size-tunable Fe304 nano/submicrospheres were prepared by one-
pot solvothermal method using [BMIM][FeCly] as iron source, 25wt% NH3-H2O as alkali source
and ethylene glycol as solvent. The electromagnetic data of the obtained Fe3O4 indicated that the
incorporation of multi-level pores into bulk Fe3O,4 enhanced the dielectric loss and made effective
complementarities between the dielectric loss and the magnetic loss, which is a key to improve
the reflection loss of electromagnetic wave absorbents. The reflection loss exceeded —40dB at
1.4 GHz when the thickness of absorbents is 5.7 mm and shows high dual adsorption at both low
frequencies and high frequencies.

Multi-level pores of 2nm, 10nm, 60 nm could be observed in SEM and TEM images, which
is also proved by BJH model of isothermal Ny adsorption and desorption. It is found that
[BMIM][FeCly] and gas-producible alkali played a importance role in nucleation and formation
of multi-level pores.

Varying the ratio of 25wt% NHsz-H20 versus [BMIM][FeCly], particles sizes of Fe3O4 could be
finely tuned from 411 nm to 23nm and the saturated magnetization decreased from 89.2 emu/g
to 74.9 emu/g simultaneously. With the increase of the import of alkali solution, the nucleation
also increased and the reduction possibility of Fe?t to Fe?T was decreased.

The electromagnetic wave adsorption depended greatly on the thickness of absorbents. When
the thickness of absorbent is below 3 mm or over 7 mm, the adsorption is relatively low; however,
when the thickness is between 3 mm to 6 mm, the maximum adsorption is over —18 dB. Especially,
when the thickness of absorbent is 5.7 mm, the adsorption reached a maximum of —40.0dB at
1.4 GHz.
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Design of Quantum Secure Communication System Based on FPGA
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Abstract— Nowadays, quantum secure communication has been recognized as one of the most
secure communication techniques, and plug-play scheme is one of the most practical case in QKD
(quantum key distribution) experiment. This paper mainly introduces how to use FPGA (field
programming gate array) to control the optical components in order to implement quantum key
distribution system. The system works based on phase coding mode with optical pulse frequency
being 10 MHz, communication distance being 50 km, code generating rate being 2 kbps and error
rate being 1076, Also we have developed an application software which can take text chat and
secure file transmit for the QKD hardware system using Qt IDE on Linux OS.
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Numerical Study of Effective Plasma Frequency for a Plasma
Photonic Crystal in the Presence of Magnetic Field

Heng-Tung Hsu', Jin Jei Wu?, Chi-Chung Liu?, and Chien-Jang Wu*

Department of Communications Engineering, Yuan Ze University, Chungli 320, Taiwan, R.O.C.
2Department of Electrical Engineering, Chung Hua University, Hsinchu 300, Taiwan, R.O.C.
3Department of Electro-Optical Engineering
National Formosa University, Yunlin 632, Taiwan, R.O.C.
4Institute of Electro-Optical Science and Technology
National Taiwan Normal University, Taipei 116, Taiwan, R.O.C.

Abstract— In this paper, based on the transmittance spectrum calculated by making use of
the transfer matrix method, we numerically study the effective plasma frequency for a ternary
plasma photonic crystal (PPC) in the presence of static magnetic field. The results illustrate
that the effective plasma frequency for the PPC will be red-shifted as a function of the static
magnetic field. In the case of oblique incidence, we find that the effective plasma frequency is
found to be insensitive to the angle of incidence in the TM wave.
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Mode Transformations of Surface Plasmons to Propagating and
Back to Surface Plasmons in Metal Dielectric Interface with a
Half Space Cloaking Region
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Abstract— John Pendry first proposed the considerations for an ideal optical cloak using
anisotropic material media that mimic a curved co-ordinate system and this field became known
as Transformation Optics (TrO) [1]. Since then, several research groups have used TrO to study
guiding light around obstacles and to design practical metamaterial structures in different fre-
quency regimes [2].

In this work, we present an interesting mode transformation that occurs when Surface Plasmon
Polaritons (SPPs) encounter a semi-cylindrical metallic bump covered with a half-space cloaking
medium. The anisotropic permittivity and permeability tensors of the cloaking medium were
calculated using TrO and full wave electromagnetic simulations were performed. It was observed
that when SPPs encountered the cloaking region, a mode transformation from tightly confined
SPPs to loosely confined propagating wave occurred. This enabled SPPs to be guided around
the bump as a propagating wave and another mode transformation back from propagating mode
to tightly confined SPPs occurred on the second interface. It was observed that almost all the
energy was transferred across the cloaking medium. Full wave simulations for Attenuated Total
internal Reflection (ATR) configuration revealed that the angular SPP resonance characteristics
for the glass-metal-air geometry was identical to the semicylindrical metallic bump coated with
a half-space cloaking medium, resulting in a complete cloaking of the metallic bump from the
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Figure 1: (a) Mode transformation in the semi-cylindrical cloaking region with end-fire SPP coupling. (b) At-
tenuated total internal reflection characteristics of glass-metal-air interface with a metallic bump. (c¢) At-
tenuated total internal reflection characteristics with the metallic bump covered with a cloak.
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Abstract— High pulse energy picoseconds laser systems have emerged as universal tools for
ablation almost any material without unwanted thermal effects in micromachining applications.
Until now, however, the exact measurement method of the ps laser pulses has not developed even
though the temporal pulse profile or pulse distortion could affect micromachining performance.
This paper demonstrates the measurement method of several tens ps laser pulses based on the
frequency-resolved optical gating (FROG). The huge pulse front tilt generated by a holographic
grating increases the temporal range of the device which can make a single-shot measurement
of several tens ps laser pulses. In order to prove the demonstrated measurement technique we
generated double pulses using a Michelson interferometer. The duration of the single pulse is
about 700fs and the measured delay of two pulses is 50 ps, which implies that the maximum
delay is 100 ps and the measurable maximum laser pulse duration is around 35 ps.
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The Studies of Enhanced Optical Single Sideband Modulation Using
by Laser’s Cavity Mode and Nonlinear Optical Fiber Effect
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Abstract— The conventional fiber optical communication system usually adopts light inten-
sity modulation with optical double sideband (ODSB) modulation format. After transmission
for a long distance, dispersion effect will make the microwave signal produced serious fading.
Optical single sideband (OSSB) signal, which can remove a half of the optical spectrum, solving
dispersion induce microwave signal degradation. Recently, radio-on-fiber systems have attracted
considerable attention due to their superior capabilities for radar systems and commercial radio
access applications.

The traditional optical double sideband (ODSB) modulation could cause severe optical dispersion
in Radio-on-fiber (ROF) system. Optical single sideband (OSSB) modulation is usually used
to solve it. OSSB modulation can suppress the power dissipation effectively and extend the
signal transmission distance. The study proposes the improved and enhanced OSSB modulation
method, which can suppress the dispersion caused between carrier and sideband, then can be
transmitted over a longer distance.

Adjust the phase shifter for phase difference between the two paths of electrical signal; output
signal is OSSB format in early method. Hence, we propose a transmission system based on
injection-locked Fabry-Perot (FP) Laser and stimulated Brillouin scattering (SBS) to achieve
modulation in fiber. These two kinds of technologies fall on frequency band approximately
nearby 10.87 GHz ~ 11 GHz to enhance optical single sideband (OSSB) signal. The first step
based on injection-locked FP Lasers to achieve modulation. The right sideband is amplified and
unlocked mode signal is attenuated by the cavity mode to produce OSSB modulation. The second
step drive radio-frequency (RF) signal into the modulation and then used SBS effect to enhance
performance of OSSB modulation. After 25-km of single-mode fiber (SMF) transmission, we can
observe the sideband power ratio (SBPR) > 17dB and phase noise < —80.07 dBc/Hz.
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Abstract— In Radio-on-fiber (ROF) transmission system, the microwave signal is converted
into the optical signal and distributed to the remote base station by fiber link, which provide
broad bandwidth and low attenuation characteristics. The conventional fiber optical communi-
cation system usually adopts light intensity modulation with optical double sideband (ODSB)
modulation format. After transmission for a long distance, dispersion effect will make the mi-
crowave signal produced serious fading. Optical single sideband (OSSB) signal, which can remove
a half of the optical spectrum, solving dispersion induce microwave signal degradation. By elimi-
nating one of the sidebands, OSSB modulation not only immunizes to fiber dispersion, but it also
increases the spectral efficiency twice. The study proposes the improved and enhanced OSSB
modulation method, which can suppress the dispersion caused between carrier and sideband,
then can be transmitted over a longer distance.

We propose a transmission system based on stimulated Brillouin scattering (SBS) and Distributed-
Feedback (DFB) Lasers to achieve OSSB modulation in fiber. These two kinds of technologies
fall on frequency band approximately nearby 10.87 GHz ~ 11 GHz, to enhance OSSB signal. The
first step drive radio-frequency (RF) signal into the modulation and then used SBS effect to
produce of OSSB modulation. The second step based on injection-locked DFB Lasers to achieve
modulation. The right sideband is amplified and unlocked mode signal is attenuated by the
cavity mode to enhance performance OSSB modulation. After 25-km of single-mode fiber(SMF)
transmission test, we can observe the sideband power ratio (SBPR) > 8.84dB and phase noise
< —86.09 dBc/Hz.
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Diode with a Reflective Aluminum Layer
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Abstract— Many optoelectronic researchers focus their studies on the development of output
power and efficiency performance in solid state light (SSL) illuminations. A standard flip-chip
light emitting diode (FCLED) has many advantages. First, it can illuminate a light from the
back side without electrode obstruction. Second, it can improve its efficiency by dissipating high
heat through a thermal conductive submount. In this work, we investigate a reflective metal layer
on the backside electrode of FCLEDs to reflect the emitting light for increasing output power.
Aluminum is known to reflect well at the wavelength of visible light. In the process of device
fabrication, an aluminum metal layer is deposited on the back side of FCLEDs and functioned
as a light reflective layer to increase the output light. An electroluminescence measurement
demonstrated that the light intensity of FCLED with a reflective layer is about 42% higher than
that without a reflective layer under a current injection of 350 mA. In addition, its light output
power in is also much higher than that without a reflective layer.
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Abstract— Subwavelength metal structures exhibiting plasmonic resonances determined by
their geometries are like artificial plasmonic atoms whose optical responses can be tailored via
engineering designs and advanced fabrication methods. In particular, the resonant frequencies
of these plasmonic atoms are highly sensitive to the environmental media and can be utilized as
optical refractive index sensors. In the past, it was predicted that the refractive index (RIU) sen-
sitivities of various plasmonic atoms obey a simple universal scaling relation that the sensitivities
linearly increase with the resonant wavelengths. However, because no magnetic responses exist
at optical frequencies, these results are established exclusively in permittivity sensitivities only.

In this work, we employ electrodynamical simulations to study the fundamental electromagnetic
duality of various plasmonic atoms by testing their sensitivities to environmental permeability
changes. Interestingly, we find that electromagnetic duality is broken in various plasmonic atoms’
sensitivities to the environmental permittivity and permeability. While the permittivity sensi-
tivities vs. the resonant wavelengths relation follows a universal straight line at the visible to
infrared ranges and is independent of the geometries of the plasmonic atoms, the permeability
sensitivities deviate from the straight line with decreasing resonant wavelengths and is strongly
geometrically dependent. Remarkably, for a given plasmonic atom, we can always find a particu-
lar resonant frequency beyond which the permeability sensitivity drops to zero. We numerically
retrieve the effective dispersion relation from the simulation data and find that the conventional
standing wave model can not explain the breakdown of the electromagnetic duality. Instead,
the phenomena can be explained in terms of LC (L = inductance, C = capacitance) resonator
model with added contributions from the inductance of kinetic electrons. We find that the effects
are strongly correlated with the effective plasma frequency of the plasmonic atom and thus they
can be further manipulated by introducing the concept of spoof plasmons. Unlike traditional
electromagnetic systems such as microwave waveguides or antennas, our results provide a rare
example that the fundamental electromagnetic duality can be broken in plasmonic systems.
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Development of Optical Wave Microphone Measuring Sound Waves
with No Diaphragm
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Abstract— As a standard technique to measure sound waves, various types of microphone
have been developed and used over one hundred years. However, they have many restrictions
on practical applications because they use a diaphragm or any vibrating object to detect sound
waves, which disturbs the sound field and cannot respond to the fast phenomena.

In this paper, the optical wave microphone with no diaphragm (or Optophone), which can detect
sound waves wave-optically by using a laser beam without disturbing an air flow and a sound
field, is presented as a nodal sound measurement technique.

The method is principally based on the interaction between light and sound and the Fourier
optics. The sound signal is obtained by detecting ultra-small diffraction light generated from
phase-modulation by sounds. In the optical receiving aparatus, the diffraction light generated
from optical phase modulation by sound waves is passed through an optical information processing
system or an optical Fourier-transform system and then is converted into an electric signal by a
photodetector.

The principle and theory, which have been developed in the nuclear fusion research as a new
plasma diagnostic technique to detect the electromagnetic radiation scattered by long-wavelength
plasma waves, are briefly introduced. Based on it, property and merits as a wave-optical sound
detection method are described. Furthermore, the fundamental experiments and results including
the frequency property, the dynamic range and the directivity are described, in which it is shown
that sounds from about 100 Hz to 100kHz could be simultaneously detected by a visible laser
beam of 5 to 20 mW. Finally, present main problems of the optical wave microphone for practical
uses in the sound engineering field are shortly shown, adding the expected future technology.
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Visualization of Electric Discharge Sound Fields in Atmospheric
Pressure Plasma Using Fraunhofer Diffraction
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Abstract— Most of electric discharges emit acoustic (20 ~ 20,000 Hz) and ultrasonic (over
20kHz) waves. Continuous and pulsed voltages initiate the electric breakdown which generates
pressure deviation from equilibrium pressure. The sound waves are generated by the pressure
change causing local compression and rarefaction. We have examined the sound signals which are
emitted from the discharge area [1,2]. Because the sound signals contain about the information
of discharge and atmospheric condition around the discharge.

However, it’s not easy to detect the sound signal in plasma reactor by the conventional condenser
microphone technique. Therefore, we have developed a new diagnostic method, in which sound
wave is measured by an optical sensor based on a Fraunhofer diffraction effect between the sound
wave and laser beam. The light diffraction technique, which we call the “Optical Wave Micro-
phone (OWM)” technique, is an effective sensing method to detect the sound. This technique is
very useful to detect the sound wave without disturbing the sound field. Moreover, OWM can
be applied for the visualization of sound field by computerized tomography (CT) because the
ultrasmall modulation by the sound field is integrated along the laser beam path.

Applied voltage, current and the electrical discharge sound of coplanar dielectric barrier dis-
charge are measured, and examined the relationship between the micro discharge and the acous-
tic properties. We expect that understanding of acoustic properties gives more details of electric
discharges.
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An Overview of Metamaterials in Biomedical Applications
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Department of Electronics and Communication Engineering
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Abstract— Communication technologies and biomedical sensors can provide services for the
patient’s vital signs to be monitored outside the clinical environment. The need for implantable
telecommunication devices for medical applications has been growing rapidly over the past ten
years. Microwave antennas and sensors are key components of telemetry systems related to medi-
cal applications. Metamaterials are artificial materials which have the electromagnetic properties
that may not be found in nature. The unusual properties of a metamaterial have led to the
development of metamaterial antennas, sensors and metamaterial lenses for miniature wireless
systems which are more efficient than their conventional counterparts. Metamaterials exhibit
a very sensitive response to the strain, dielectric media, chemical and biological sensing appli-
cations. A wide area of biomedical applications using metamaterials has been discussed in this
review. The design concept of metamaterial antennas in ISM band is presented. Later, the funda-
mental theory and recent progress of metamaterial in sensors, lenses and absorbers are reviewed
for various healthcare applications towards its practical implementation.
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Interfacial Properties of Modified Natural Polysaccharide
Carbohydrate Surfactants
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Abstract— New natural polysaccharide carbohydrate derivatives of sodium alginate surfactants
were prepared by condensation of sodium bisulfite onto the polysaccharide linkages at different
hydrophobic chain of Fatty acids. We were synthesis and solution properties of hydrophobi-
cally modified alginate-ester derivatives in which dodecyl or octadecyl chains were grafted onto
the polysaccharide backbone via ester functions. In semi-dilute aqueous solution, intermolecu-
lar hydrophobic associations result in the formation of physical networks, the physico-chemical
properties of which can be controlled through polymer concentration, hydrophobic chain con-
tent and non-chaotropic salts such as sodium chloride. Alginate is a biomaterial widely used in
the food industry as thickener and in biotechnological applications including cell encapsulation,
protein delivery or tissue engineering. Alginate is a negatively charged polysaccharide obtained
from marine algae and various bacteria, with solution properties ranging from viscous to gel-like
structures in the presence of divalent cations. In this study, the structure of final products was
confirmed by FT-IR and 1H-NMR. The interfacial properties were evaluated by surface tension,
foaming properties and conductivity. The result showed that the novel material is capable of
encapsulating both hydrophilic and hydrophobic molecules. Crucially, the all-important gelling
and non-toxic properties of native alginate have been retained.
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Indoor Broadband Spectrum Survey Measurements for the
Improvement of Wireless Systems
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Abstract— This paper presents unique measurement campaign focused on indoor spectrum
survey. This typeof the results which are achieved by the measurement should be used in many
ways. Firstly, spectrum regulators have to know which frequencies are used at measured locations
and also power limitations have to be accomplished. Secondly, spectrum survey data are used
to simulate Cognitive Radio [1]. Cognitive radio is phenomena of the wireless communication
during the last decade. It increases intelligence of transmitter and receiver to minimize Signal-to-
Noise Ratio and interference with other users of shared frequency spectrum mainly by dynamic
spectrum sharing. Generally, spectrum survey was presented is several papers e.g., [2], but
presented measurements have significant differences. Instead of several directional antennas, in
our case we use one wideband omnidirectional antenna, which enables us measure wideband
results (up to 7GHz). Portable wideband receiver (9kHz-7.5 GHz) [3] is used, and it provides
sufficient sensitivity (not worse than — 113dBm) in the whole band. The receiver is controlled
by specially designed program, which communicates via TCP/IP and provides fast connection to
download huge amount of data to the controlling PC. The other advantages of presented system
are portability and speed of measurement.Calibration was carefully made in anechoic chamber
to measure baseline of the whole system. Results are processed to detect primary users (users
of the frequency spectrum) and calculate utilization of the frequency spectrum. White spaces,
part of the unused frequency spectrum at current location and time, that are possible to use for
wireless communication, are detected and calculation of minimum, maximum and average white
space duration is provided. Results are mainlyconcerned with the indoor spectrum survey, where
the wireless traffic created by group of users is also taken into account. Based on the results
one can see there is a potential of improvement ofwireless traffic by using principle of dynamic
spectrum sharing [4]. The optimization of the radiated electromagnetic waves has beneficial effect
for biological tissues.
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Measurement of Inhomogeneity in the By and B; Fields Performed
via the Spin-Echo and Gradient-Echo MR Imaging Techniques
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Abstract— The physical phenomenon in which the magnetic field of the nuclei of some atoms
of the substance under examination reacts mutually with a rotating magnetic field is called NMR
(Nuclear Magnetic Resonance). NMR spectroscopy and tomography require the basic magnetic
field By to be generated with a high homogeneity. The homogeneity of basic magnetic field can
be distorted by measured object. It is not necessary to be magnetic, just different susceptibility
can lead to distortion in images. Figure 1 shows the same specimen filed with water and with
bubble at the top. The boundary between water (x = —9.5 x 107°) and air (y = 4x1077)
leads to By distortion. Figure 1(a) shows image obtained by SE (Spin Echo) pulse sequence.
Figure 1(b) shows image obtained by GE (Gradient Echo) pulse sequence. Measuring techniques
using SE compensate By inhomogeneity and then the distortion in image is much less then
in image obtained by GE. Properties of relaxation measurement techniques using SE and GE
methods can be used to inhomogeneity estimation.

High homogeneity of RF field in the working space of MR tomograph depends on construction of
a probe and on its adjustment. The mapping of RF magnetic field is commonly based on an MR
image measurement of the homogenous testing specimen with optimally determined flip angle
for obtaining the maximum contrast in the measured map of RF magnetic filed. The local By
field strength in each examination can be obtained using repeated acquisitions with different RF
impulse amplitudes (transmit gain, flip angle). The inhomogeneity can be corrected by the use of
a map of the spatial distribution of the B; field acquired either through computer simulation, or
through the measurement of the field. The relaxation measurement using SE and GE sequences
was firstly used for By inhomogeneity estimation.

Ao ]

Figure 1: By and B; inhomogeneity maps, specimen is a cube filled with water.
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Processing of Magnetic Resonance Images of Adipose Tissues
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Abstract— Sufficiently meaningful picture of tissue structure can be obtained by the correct
processing of the image data. This can be done by using image analysis, which takes place in
several steps: acquisition of data, image adjustment, segmentation, and image description. At
first, digital images are obtained, in our case these are the images of soft tissue obtained with
using magnetic resonance tomograph (MR). This device is mainly used to display human tissue
in medicine. MR is one of the non-destructive methods, does not cause harmful radiation, whose
main advantage is the high contrast in the imaging of soft tissues. The contrast of the resulting
images can be changed by setting of the pulse sequence (Spin Echo and Inversion Recovery)
timing parameters used to measure the monitored tissue. The data acquired by tomograph is
necessary reconstruct by using Fourier Transform reconstruction from K-space in to the MAT file
as complex data. The next step of image analysis is image improvement, usually by suppression
of noise, histogram equalization and segmentation. Noise should be suppressed to improve results
of image processing. Linear transform of histogram was adjusted using a median filter. This is an
expansion of the range of brightness in order to cover the entire width of the available brightness.
The last step of image processing is multiparametric segmentation. It is a process that divides the
image to objects of different characteristic. The main methods include the use of edge detector
to highlight certain edges. The last step of the analysis is a description of the image; it is a
statistical description of segmented objects in an image with subsequent classification. The aim
of this paper is to demonstrate the internal morphology of chicken thigh by using MR. All MR
images were evaluated using programs Marevisi and Matlab.
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Abstract— Current interest in the application of pulsed electromagnetic fields (PEMF) as
alternative therapy for different medical conditions has proven to be successful. There are studies
that demonstrate the effectiveness of low frequency PEMF in facilitating wound healing. There
are many factors that can affect wound healing and cause improper or impaired tissue repair.
Of particular interest are the infected wounds where bacteria or other microorganisms have
colonized that cause either a delay in wound healing or deterioration of the wound. In most cases,
wounds are typically contaminated by bacteria. In this study, we investigate the application of
the applied PEMF on the selected bacterial cultures. In our previous study [1], we presented
and discussed the design and development of an extremely low frequency (ELF) PEMF system
that produces time varying magnetic field in the range of 0.5mT to 2.5mT for a frequency
range of 2-500 Hz. Here, we report simulation results of the induced magnetic field distribution
and the region of uniformity produced by the system of two pairs of air core Helmholtz coils.
We also present the experimental evaluation of varying parametric changes in the applied ELF
PEMF on the bacteria Staphylococcus aureus. The selection of this gram-positive bacterium
for this study is attributed to the versatile role of these bacteria in infecting wounded tissues.
These bacteria are also within easy reach and can be bred at a temperature of 37°C. Here,
the Staphylococcus aureusbacteria in broth were exposed to the ELF PEMF of magnetic flux
density, B = 0.5-2.5mT, frequency (f) range of 2-500 Hz and time of exposure, ¢ = 30 min. This
is done in order to compare studied bacterial cultures viability (number of colony-forming units
(CFU)). The number of colony-forming units aids in quantifying the experimental result. Fresh
bacterial culture is used throughout the experiment. Findings from our investigation have direct
implication in determining the optimal characteristics of the applied ELF PEMF for possible
treatment of infected tissue and thus, wound healing promotion.
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The Effects of Visible Light Radiation (400-500 nm) on Enzymatic

Activity of Collagenase
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Abstract— Debridement is the process of removing necrotic burden or contaminated tissue
from the wound bed until surrounding healthy tissue is exposed. It is an essential component
of wound bed preparation (WBP) that aims to create an optimal wound healing environment.
Enzymatic debridement helps to remove non-viable tissue which can otherwise delay wound heal-
ing and lead to infection [1]. Collagenase enzyme is known to be able to promote the cellular
responses to injury and wound healing in vivo. Collagenase shows more selectively on denatured
collagen in devitalized tissue. This selectivity is beneficial as it keeps the vital tissue and growth
factors crucial to wound healing intact [2]. There are studies that showed the applied electromag-
netic radiation (EMR) in the visible light range can modulate protein and cellular activity. Here
we have studied experimentally the hypothesis of the Resonant Recognition Model (RRM) that
selectivity of protein activities is based on specific resonant electromagnetic interactions [3]. The
RRM theory proposes that an external electromagnetic field at a particular activation frequency
would produce resonant effects on protein biological activity, and this activation frequency can
be determined computationally [3]. The computational analysis of 28-collagenase sequences was
carried out using the RRM. The activation frequency/wavelength range was determined to be
between 450-460nm. To evaluate this activation range experimentally the samples of the col-
lagenase enzyme were irradiated by monochromatic visible light in a range of 400-500 nm. The
kinetics of the irradiated collagenase was measured by continuous monitoring of the changes in
digested collagen solution’s absorption and optical density at 570nm. The results reveal that
collagenase activity can be modulated at the particular wavelength of 456 nm which is within the
activation wavelength range defined computationally. This finding supports the hypothesis that
protein function can be modified by an applied electromagnetic radiation of defined frequency,
which may contribute to the development of a new clinical therapy for wound healing promotion.
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Scattering-induced Changes in the Degree of Polarization of a
Stochastic Electromagnetic Plane-wave Pulse

Liuzhan Pan and Chaoliang Ding
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Abstract— In recent years, the statistical properties of the light generated by scattering have
been studied extensively due to their considerable interest in medical diagnostics and imaging,
remote sensing of the atmosphere and ocean, and so on. However, in most cases, the treatment
of scattering of the field was confined to the case that the incident field is statistically stationary.
In this paper, the scattering of a stochastic electromagnetic plane-wave pulse on a deterministic
spherical medium is investigated. Analytical formula for the degree of polarization (DOP) of the
scattered field in the far zone is derived. Let pulse duration Ty — oo, our formula can be applied
to study the scattering of a stationary stochastic electromagnetic light wave. Numerical results
show that the DOP of the far zone field is closely determined by the size of the spherical medium
when the incident field is a stochastic electromagnetic plane-wave pulse, which is much different
from the case when the incident field is a stationary stochastic electromagnetic light wave, where
the degree of polarization of the far zone field is independent of the size of medium. One may
obtain the information of the spherical medium by measuring the scattering-induced changes in
the DOP of a stochastic electromagnetic plane-wave pulse.
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The Comparison of the Contrasts of Magnetic Resonance Images of
Plants
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Abstract— To obtain an image with the largest information value is needed to achieve the
best image contrast during the measurement of the object in the magnetic resonance tomograph.
This contrast depends on the physical properties of the object, in particular a proton density and
relaxation properties of the material. Furthermore, the contrast depends on parameters charac-
teristic for each MR method: Spin Echo, Gradient Echo and Inversion Recovery. The echo time
and repetition time are included between the two most important parameters of pulse sequence.
We can create four different variants of contrast by combination of these two mentioned times:
the contrast spin density, the T7 weighted contrast, the T, weighted contrast, and the last one is
inappropriate setting for the contrast. Each resulting contrast is suitable for displaying different
plants stem tissue. Increasing in the contrast can also be achieved by adding contrast (param-
agnetic) substances for differentiation of isomagnetic tissues. The aim of this paper is to display
the internal morphology of plants by various methods with subsequent contrasts comparing and
identification of appropriate method for the study of transport of substances in the stem of the
plant. Euphorbia cactus was chosen for the study of the contrasts of images, which was inserted
into working space of the tomograph. Images of the plant stem were acquired by magnetic res-
onance tomograph with the magnetic field induction 4.7T (200 MHz). The evaluation of the
results obtained by all used methods followed the last measurement. The data processing was
performed by using programs Marevisi and Matlab. Monitored parameters of individual plant
samples were inserted into a table and plotted on graphs. By evaluation and comparison between
the relaxation times it can be determined that in the same selected points T5 relaxation time has
shorter values than the T relaxation time, although it is a faster method but at the cost of the
quality of the final image. On the contrary, respect to intensity of images where T relaxation
time has a lower value of intensities.
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Electromagnetic Structures and Inertias of Particles including the
Higgs Boson
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Abstract— Electromagnetic string structures suitable for photons [1] and the main sub-atomic
particles [2] have previously been presented. A photon is an ‘electromagnetic string arrow’ with
a single line frequency spectrum. It is envisaged to be ‘dark matter’ with low inertia. A photon
is a boson and has zero or unit spin. The unit spin can be taken to correspond to left-hand
or right-hand circular polarisation. Protons, electrons and neutrons can be described by two
or more interlaced toroidal string loops arguably having two or more dominant line frequency
components in the particle’s spectrum. The interlacing can be regarded as a representation of
circular polarisation and characterises ‘intrinsic spin’. These three particles have half unit spin
and so are classified as ‘fermions’. All these particle models have an electromagnetic frequency
spectrum with discrete lines. The total energy of the spectral lines is the mass m of a particle
according to E = mc?. But the Higgs Boson is expected to have a wideband spectrum with no
discrete lines.

An explanation for the existence of inertia in particles is shown in Figure 1. It is based on
the concept of a delay in the formation or alteration of the potential ‘atmosphere’ surrounding
the core of the particle with respect to any acceleration of the particle normal matter ‘core’.
The atmosphere is taken to be ‘dark matter’ which has gravitational mass in accordance with
E = mc?, and a much lower inertial mass.

The Higgs Boson has a mass of about 125 GeV /c? (a proton is 0.938 GeV/c?) and a predicted
mean lifetime of 1.56 x 10722s. Its size, structure, (spherical) density profile and whether its
inertial mass differs from its gravitational mass are unknown and under discussion. Size is difficult
to measure or estimate with such a short lifetime. The internal structure of the Higgs Boson has
not yet been discovered or unequivocally established by theory. Thus at this moment in time a
simple electromagnetic structure for the Higgs Boson can be considered to have as much credence
as any other offering from theoretical physics.

The proposed structure is a sphere with a core mass/energy density that is constant out to a
radial distance at which it decays moderately rapidly towards zero density. The density law is
assumed to be caused by (electromagnetic) self coupling. Surrounding the dense core is a region,
an ‘atmosphere’ dominated by the (gravitational?) potential, giving an inverse square law of
field /potential energy density. At some further distance the energy density decays more rapidly
than the inverse square law to avoid the total field energy becoming greater than the core energy.
With respect to Figure 1 the very short predicted Higgs particle lifetime may be comparable to
the delay between core and atmosphere. Thus its inertia may be uncertain.

Energy and hence mass is assumed to be totally electromagnetic. Electromagnetic energy in
general has a spectrum. In the case of the Higgs Boson the energy spectrum is postulated to
be broadband covering a very wide band of frequencies, perhaps similar to that of a black body.
Because of the short lifetime the spectrum of the electromagnetic energy, the highest spectrum
frequency is expected to be at least a few tens of times the reciprocal of the lifetime, perhaps in
excess of 1023 to 1024 Hz.

General model of static Particle accelerated to right
or constant velocity by (gravitational) force
partical with concentric mainly on core. Atmosphere
EM 'dark matter' . dragged by core after a fixed —>.
potential 'atmosphere’ delay and hence with an
and EM ‘core’ of offset. The offset causes an
normal matter currents inertial dragging force

Figure 1: General model of a particle with an explanation for the inertia of normal matter.
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Abstract— In this paper, a low phase noise VCO for millimeter application is presented. The
phase noise introduced by the NMOS channel current and the tank loss resistance are modeled to
give approximate evaluation of the circuit character, and an optimization of the phase noise has
been done according to this model. An inductor is inserted between the drain of one transistor
and the gate of the other transistor, and then the transistor g,, generation efficiency is improved.
To acquire an optimization inductor value, HFSS is used to model the device. The circuit has
been simulated in a 90 nm CMOS technology. The result indicates that the frequency of the
VCO is from 56 to 65.24 GHz, and the phase noise is —100.63dBc¢/Hz @ 1 MHz in 65.24 GHz.
The VCO core consumes 1.225mA with 0.7V power supply and the FOM is —197.62 dBc/Hz in
65.24 GHz. The chip layout occupies 500 x 800 um? areas.

Figure 1 is the architecture of the VCO circuit [1-3], and the inductor is modeled in HFSS which
is shown in Fig. 2. Fig. 3 is the layout of the VCO.
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Figure 1: The VCO architec- Figure 2: The inductor model Figure 3: Layout of the VCO.
ture. in HFSS.
REFERENCES

1. Li, L. and P. Reynaert. “A 60-GHz CMOS VCO using capacitance-splitting and gate-drain
impedance-balancing techniques,” IEFE Transactions on Microwave Theory and Techniques,
Vol. 59, No. 2, 406-413, 2011.

2. Li, L., P. Reynaert, and M. Steyaert. “A low power mm-wave oscillator using power matching
techniques,” IEEFE Radio Frequency Integrated Circuits Symposium, 469472, Boston, America,
June 2009.

3. Chai, S. W., J. Yang, and B.-H. Ku, “Millimeter wave CMOS VCO with a high impedance LC
tank,” IEEE Radio Frequency Integrated Circuits Symposium, 545548, Anaheim, America,
May 2010.



Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013 257
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Abstract— The analytic expression for the acoustoelectric (AE) current in the presence of an
electromagnetic wave (EMW) induced by the electron-external acoustic wave (external phonons)
interactions and electron-internal acoustic wave (internal phonons) scattering in a rectangular
quantum wire (RQW) with an infinite potential is calculated by using the quantum kinetic equa-
tion for electrons. The dependence of the AE current on the temperature, the external acoustic
wave frequency, the frequency of the EMW and the parameters of the RQW is analyzed. The
theoretical results are numerically evaluated, plotted and discussed for the specific rectangular
quantum wire with an infinite potential GaAs. These results are also compared with those for
normal bulk semiconductors and RQW in the case of the absence of the EMW to show difference.
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Influence of a Strong Electromagnetic Wave (Laser Radiation) on
the Hall Coefficient in Doped Semiconductor Superlattices with
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Abstract— The Hall effect is studied theoretically in a doped semiconductor superlattice
(DSSL) with a periodical superlattice potential in z direction, subjected to a crossed dc elec-
tric field E; = (0,0, F1) and magnetic field B = (0, B,0) (B is oriented in the plane of free
motion of electrons) in the presence of a strong electromagnetic wave (EMW) characterized by

electric field E = (Egsin(Qt),0,0) (where E; and Q are the amplitude and the frequency of
EMW, respectively). By using the quantum kinetic equation method for electrons interacting
with optical phonons at high temperatures, we obtain analytical expressions for the components
0., and o, of the Hall conductivity as well as the Hall coefficient with a dependence on B, Ej,
FEy, Q, temperature T of the system and the characteristic parameters of DSSL. These expressions
are fairly different in comparison to those obtained for bulk semiconductors. The influence of the
EMW is interpreted by using the dependencies of the Hall conductivity and the Hall coefficient on
the amplitude Ey and the frequency Q of EMW. The numerical results for the n-GaAs/p-GaAs
DSSL show that the Hall coefficient reaches saturation when the magnetic field or the EMW
frequency increases. The Hall coefficient varies strongly at small values and reaches saturation
at large values of doped concentration.
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Fabrication and Applications of Polymer Photonic Crystals

Yanlin Song
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China

Abstract— Photonic crystals (PCs) not only have beautiful colours, but also could effectively
modify the emission and propagation of light with minimal losses, thus the fabrication and appli-
cations of PCs have attracted extensive research interest. In our group, PCs with high strength
were prepared from latex spheres with a hard PS core and an elastometric PMMA-PAA shell [1-
3]. The mono-dispersed latex spheres were synthesized via one-step emulsion polymerization
without purification [4]. PC films with brilliant colours covering the wavelength period from the
UV to the IR can be fabricated over large areas by vertical deposition method and even spray
coating [5, 6]. The wettability of the PCs could be well controlled from superhydrophilicity to su-
perhydrophobicity by adjusting the assembly temperature or pH [7-9]. Furthermore, functional
polymer inverse opals were achieved by using the PCs as template, such as high stable polyimide
inverse opal PCs [10] and an electrically tunable polypyrrole inverse opal [11]. Additionally, as
the PC stop band is sensitive to its lattice constant and the relative index of its components, the
colorful humidity-sensitive PC hydrogel [12] and oil-sensitive inverse opals [13, 14] were achieved.
Moreover, the PCs could be used as wavelength-selective concentrator and effectively improve
the output power of dye-sensitive solar cells [15]. The PCs could also be used to enhance the
fluorescence emission [16] of dyes and energy transfer of plasmonic device [17].

Figure 1: Photonic crystals pattern prepared by inkjet printing.
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Effective Medium of Periodic Electromagnetic Composites

Ying Wu
Computer, Electrical and Mathematical Sciences and Engineering
King Abdullah University of Science and Technology, Thuwal 23955-6900, Saudi Arabia

Abstract— In the framework of multiple-scattering theory, we studied the effective medium
properties of two-dimensional periodic electromagnetic composites, such as photonic crystals and
metamaterials, in the long-wavelength limit. The composites considered are cylindrical inclusions
of magnetodielectic materials embedded in air host. We derived the effective medium theory for
two particular cases: complex cell and high filling ratio of the scatter. For the complex cell case,
in which there are two distinct scatterers in a unit cell, we investigated the effective medium in
the zero-frequency limit as well as at finite frequencies. For such cases, we show that the effective
medium is anisotropic in general but it exhibits isotropic behavior when the relative position
of the two scatterers satisfies certain conditions. The isotropic effective medium parameters are
functions of the summation of the scattering coefficients. For the case of large scatterers, in which
there is only one scatterer in a unit cell and the filling ratio of the scatterer is high even close
to the tight-packing, we studied the zero-frequency effective medium properties. We found that,
if the lattice has four- or six-fold symmetry, the effective medium is isotropic regardless of the
concentration of the scatterer. While one effective parameter (dielectric constant for TM waves
and permeability for TE waves) always remains the same form as the Maxwell-Garnett formula,
the other effective parameter deviates from its leading order dipole solution and becomes lattice
structure dependent in a certain range of filling ratios. The analytic expressions of the effective
parameters are given and verified by the finite-element simulations.
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Dirac Points in Two-Dimensional Photonic Crystals

Jun Mei!, Yan Li', and Ying Wu?

!Department of Physics, South China University of Technology, Guangzhou 510640, China
2Computer, Electrical and Mathematical Sciences and Engineering
King Abdullah University of Science and Technology, Thuwal 23955-6900, Saudi Arabia

Abstract— A perturbation theory, in the spirit of k- p method in electron systems, is developed
to study the origin of Dirac points in two-dimensional photonic crystals composed of common
dielectric materials. Our methods take the degenerate eigen-functions on a high symmetry point
in the Brillouin zone as the basis set to expand the unknown Bloch states around that point. It
is shown that the existence of linear dispersions around the Brillouin zone center requires that
the mode-coupling integrals between the degenerate Bloch statesat the I' point, in the form of
perturbation matrix elements, should be nonzero. The linear slopes of band structures in the
vicinity of the Brillouin center can be very accurately reproduced by our perturbationformulae,
which agree excellently with the rigorous band structure calculations given by COMSOL Multi-
physics, a commercial package based on finite element method. In addition, a selection rule is
established which provides an easy and quick check for the existence of Dirac pointsby identify-
ing the spatial symmetry of the Bloch states and evaluating the direct product of the irreducible
representations for a vector differential operator and the Bloch states at the I' point. Such a
selection rule gives a conclusive prediction on the existence of linear dispersion, and it makes no
assumption on if the accidental degeneracy of Bloch states is already achieved, and if there is
an effective medium theory. With all the multiple-scatterings of electromagnetic waves in the
photonic crystals fully taken into account, our general theory is applicable to different photonic
crystal systems independent of wave polarizations, lattice types, and components’ properties.
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Optical Force in Parallel-plate Metamaterial

Z. H. Hang' 2, Z. Marcet??3, D. Guan?, S. B. Wang?, H. Liu>*,
H. B. Chan!, P. Tong?, and C. T. Chan?

!'Department of Physics, Soochow University, Suzhou, Jiangsu 215006, China
2Department of Physics, The Hong Kong University of Science and Technology
Clear Water Bay, Kowloon, Hong Kong, China
3Department of Physics, University of Florida, Gainesville, FL 32611, USA
4National Laboratory of Solid State Microstructures, Department of Physics
Nanjing University, Nanjing 210093, China

Abstract— Artificial electromagnetic resonating material, also known as metamaterials have
successfully been used to demonstrate various interesting wave guiding properties, including
negative refraction, super-imaging, cloaking etal. at a broad frequency range from optics to
microwave. In addition, the use of laser paved the path to non-contact particle manipulation by
light induced forces, which leads to various applications in physics, chemistry and biology. Here
we show by both theory and experiments that by combining the concept of metamaterial and
optical manipulation, we can induce enhanced optical force orders of magnitude larger than the
normal incident photon pressure to achieve mechanical movement of macroscopic objects.

The prototypical system we studied is a parallel-plate metallic cavity. Under the light illumination
with wave vector normal to the plate surface and the magnetic field polarized parallel to the
surface, anti-parallel current can be induced on the top and bottom plates [Fig. 1]. In the
plasmonic regime, the strong attractive force is induced by field penetration into the metal [1].
In the microwave regime, leakage of electric field at the edge of the cavity leads to a net repulsive
force [2]. Using a differential capacitance technique, we successfully measured the repulsive force
induced between the cavity walls in the microwave regime, which is about two orders larger
than the microwave radiation pressure provided at resonance. Using dynamic mode atomic force
microscope, we can measure the enhanced optical force of a plasmonic resonant cavity at infrared
frequency.

1 Eo

X I
(a) (b)

Figure 1: (a) Schematic representation of a parallel-plate resonant cavity showing the geometric parameters
and coordinate system. (b) The direction of the incident plane wave and polarization are shown. The
anti-parallel induced current I is indicated by the yellow arrows at a certain instance of time.
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Effects of Broken Time-reversal Symmetry on Periodic Resonator
Arrays

Kin Hung Fung’ 3%, Jin Wang?*, Ross C. H. Tang®, C. T. Chan®, and Nicholas X. Fang*

!The Hong Kong Polytechnic University, Hong Kong, China
2Southeast University, Nanjing, China
3The Hong Kong University of Science and Technology, Hong Kong, China
4Massachusetts Institute of Technology, Cambridge, MA 02139, USA

Abstract— We discuss the effects associated with the broken time-reversal symmetry on pe-
riodic resonator arrays. In particular, we discuss the effect of decoupling between resonators by
static magnetic field and the splitting of leaky modes by absorption.

To show the first effect, we consider the wave propagation in periodic arrays of gyromagnetic
resonators. When the external staic magnetic field is off, electromagnetic waves can propagate in
the array with a finite group velocity. When the external static magnetic field is on, even nearly
touching resonators can be decoupled so that almost no wave propagation is allowed. The wave
is thus localized within one single resonator. This interesting effect is explained by the splitting
of photon angular momentum states by external static magnetic field [1].

For the second effect, we consider a linear array of plasmonic resonators [2,3]. When there is no
absorption, the degeneracy of two leaky modes is protected by time reversal symmetry. When
absorption exists, two modes split and thus lead to two different exponential decays together
with an additional long-range power-law decay [2].

These two effects are of different origins although both are associated with broken time-reversal
symmetry. The first one has a broken reciprocity while the second one does not. We will also
have some discussions on distinguishing different types of broken symmetries in Green’s functions
that are associated broken time-reversal symmetry.
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Dispersion in Drude DNG Stacks: Infinite Density and Line Gaps

G. Rosenblatt and M. Orenstein
Department of Electrical Engineering, Technion, Israel

Abstract— Double negative media (DNG), having negative permittivity and permeability,
suggested by Veselago and realized by Smith et al., were proposed by Pendry to act as perfect
lenses. Significant research effort followed towards DNG-based devices and applications. A
periodic stack of alternating DNG and DPS (double positive) layers, was shown to exhibit some
unique features including: complex modes [1], discrete Fabry-Perot modes [2], and giant resonance
absorption [3].

Nevertheless, a study of its actual band dispersion, without assuming constant media responses
over the frequency range of interest, is still missing and it is crucial since the assembly of meta-
materials is based on highly dispersive dipoles. Herein we present such a detailed study, applying

Drude dispersion for both the DNG permittivity and permeability (&, upng =1 —w /wp R #)

The frequency vs. propagation constant plain — Figs. 1(a) and 1(b) is divided by the dispersive
light-lines, and supports three types of possible bands: (i) Infinite number, converging to the DPS
light-line at high frequencies (purple); (ii) two surface-wave converging at a resonant frequency,
similar to plasmonic bands, but in both polarizations (yellow); (iii) unique complimentary of (i):
Infinite number, condensed in a finite frequency domain converging to the DNG light-line with a
negative slope, lacking an equivalent in non-DNG stacks (light blue).

Cases of special interest are further scrutinized. Especially, for epng = ppng we show no
complete band gap can form, unless both layer thicknesses are equal — resulting in overlapping
surface-wave bands along a flat boundary at the frequency for which epng = ppng = —1
(Fig. 1(c)), with no power allowed via the stack (a single-frequency ‘band gap’) — as expected
for zero average index media.
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Figure 1: Band structure dispersion for a DNG-DPS (40 nm-50nm) periodic stack in (a) TM, and (b) TE
polarizations, and (c) the special case epng = upng with equal layer thicknesses (40 nm).
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Bending and Cloaking for a Surface Plasmonic Wave

Hongyi Xu' 2, Su Xu®>*4, Hongsheng Chen® 4, Handong Sun''?, and Baile Zhang' 2
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Nanyang Technological University, Singapore 637371, Singapore
2Centre for Disruptive Photonic Technologies
Nanyang Technological University, Singapore 637371, Singapore
3Department of Information Science and Electronic Engineering
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Abstract— Surface plasmonics, a subject bearing expectations in building next-generation
ultra-compact on-chip photonic technologies, is subject to a long-standing issue: the propagation
of surface plasmonic polaritons suffers from strong scattering when encountering a sharp corner
linking two unparallel surfaces, or an obstacle on a flat surface. This disadvantage shadows the
efficient routing and interconnection of surface signals in plasmonic circuits.

In our recent research, we address this issue by adapting the method of nonmagnetic transforma-
tion optics. Theoretically and experimentally, the transmission of surface plasmonic polaritons
across a sharp bending corner and through an abrupt bump can approach unity in broadband.
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The Manipulation of Heat Flow by Affine Transformation
Thermodynamics

Hongyi Xu, Handong Sun, and Baile Zhang
Division of Physics and Applied Physics, School of Physical and Mathematical Sciences
Nanyang Technological University, Singapore 637371, Singapore

Abstract— While transformation optics has incubated exciting applications such as invisibility
cloaks and light harvesting devices, the method residents yet not limited in fields of electromagnet-
ics. Its extension brings forth an effective way of heat manipulation, when the idea of coordinate
transformation marries thermodynamics. Although there have been interesting results regarding
this subject, the complex transformation method leads to a harsh requirement of material selec-
tion and implementation, whereas low cost material with simple fabrication technique is highly
demanding in thermal management. We address this issue by proposing a simple, clear affine
transformation method, and the design of metallic thermal cloak is demonstrated as an example.
The method offers a direct, effective solution of heat flow manipulation, and finds its application
in the thermal management of electronic devices and heat engine.
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Controlling the Dynamics of Quantum Mechanical Processes Using

Meta-atoms

C. Rockstuhl', R. Filter', S. Miihlig', T. Eichelkraut',
S. Fischer?, J. C. Goldschmidt?, and F. Lederer!

nstitute of Condensed Matter Theory and Optics, Abbe Center of Photonics
Friedrich-Schiller-Universitdt Jena, Germany
2Fraunhofer Institute for Solar Energy Systems, Germany

Abstract— Optical meta-atoms are metallic nanostructures with complex geometries that pro-
vide a desired resonant scattering response. They are the basic building blocks of metamaterials
upon closely packing them. However, already individual structures attracted considerable re-
search interest in the past and their theoretical treatment, analysis and their simulation by solv-
ing Maxwell’s equations is a prime challenge for nanoscience. Optical nanoantennas, as they are
usually dubbed then, promise to provide electromagnetic fields on the nanoscale with predefined
spatial and spectral characteristics. A prominent class of applications of optical nanoantennas
consists in mediating the interaction of light with other nanoscopic systems. Here, we provide
an overview of our latest activities on using optical meta-atoms to mediate the interaction of
light with molecular systems described by rate equations. The first subject concerns the control
of the dynamics of quantum mechanical systems featuring dipole-forbidden transitions. There,
the meta-atoms provide local fields that exhibit a large electric quadrupole moment. The second
issue is related to the enhancement of the upconversion process in erbium-doped crystals. There,
the optical meta-atom has to show resonances at multiple frequencies which match the transition
frequencies of the erbium ion. Unique to our work is a rigorous analysis of the optical proper-
ties of the meta-atoms and the treatment of the entire dynamics in the molecular and/or the
atomic system on the basis of rate equations. The required nanoantennas resemble meta-atoms
which sustain resonances at multiple frequencies and/or resonances which are characterized by
higher order multipole moments. Such meta-atoms are currently accessible by both bottom-up
or top-down approaches and will find use in future. In conclusion, optical meta-atoms represent
a promising approach to access weak processes in a quantum mechanical system. We strongly
believe, that as a consequence, in the future this will allow ground breaking applications.
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Engineering the Response of Fano-resonant Plasmonic Systems for
Sensing at the Ultimate Scale

B. Gallinet!:2, T. Siegfried?, H. Sigg?, and O. J. F. Martin?
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2Nanophotonics and Metrology Laboratory
Swiss Federal Institute of Technology Lausanne, Switzerland
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Villigen-PST CH-5232, Switzerland

Abstract— Over the last five years, there has been a surge of interest for Fano resonances
in plasmonic systems. This interest is motivated by the possibility of engineering the spectral
response of a plasmonic system using Fano resonances, in particular by creating spectrally narrow
features, which should exhibit enhanced sensitivity to their environment for sensing applications.
Such engineering requires full mastering of the underlying modal structure that produces the
Fano resonance. To address this, we have recently established an ab initio theory for Fano res-
onances in plasmonic nanostructures and metamaterials using the Feschbach formalism [1]. The
resulting generalized Fano formula can be used to describe the spectra observed for any Fano-
resonant plasmonic system. Furthermore, this formalism provides access to the modal structure
associated with the Fano resonance and can be used to tune some of its specific spectral features
by adjusting the geometry of the system [2]. With this approach, we are able to identify differ-
ent electromagnetic coupling regimes in Fano-resonant plasmonic systems, with rather different
properties. Some configurations are associated with large energy storage (i.e., strong evanescent
near-field), while other configurations exhibit an extremely high sensitivity to geometrical changes
and can be used for sensing with unprecedented sensitivity [3]. Using arrays of periodic plasmonic
nanostructures fabricated with extreme-UV lithography [4], we verify experimentally these differ-
ent electromagnetic coupling regimes in Fano-resonant systems and demonstrate optical sensing
with visible light with a sensitivity down to a few Angstroms!
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Real-space vs Fourier-space Homogenization of Metamaterials
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Abstract— A large variety of effective medium theories for periodic electromagnetic structures
(metamaterials) have emerged over the last decade. Many of these theories strive to extend the
classical Fourier-space description of electromagnetic waves from natural materials to metama-
terials; other theories operate in real space.

This paper argues, first, that Fourier-space theories have, in the case of metamaterials, very
serious limitations. The key drawback of Fourier methods is that they are not suitable in the
presence of boundaries (all spatial harmonics become coupled). But without interface boundaries,
i.e. for an infinite medium, the permittivity and permeability cannot be separately defined as a
matter of principle. Indeed, the H and D fields can be re-gauged in such a way that Maxwell’s
equations remain unaffected but the material parameters change. (This re-gauging is sometimes
referred to as the “Serdyukov-Fedorov” transformation).

Some Fourier-based methods assume a “forced” excitation of waves by hypothetical plane-wave
sources. Such sources are not directly realizable, but two physical setups leading to them are
conceivable. First, a small (point-like) physical source inside an infinite material may be math-
ematically expanded into plane waves. Second, there may be an incident wave coming from the
outside, and the field inside the material could again be expanded into plane waves. In both cases,
boundaries cannot be effectively handled because all spatial harmonics are coupled. Also in both
cases, the waves everywhere in the material outside the source itself are still a superposition of
normal eigenmodes, not “forced” modes.

With regard to real-space methods, the fundamental principle is that coarse-grained fields must
be defined in such a way that Maxwell’s equations and boundary conditions hold. The paper
describes methods that satisfy this requirement and discusses methods that do not. A complete
analytical study is available in one dimension and is presented in the paper. Illustrative numerical
examples for 3D metamaterials are also given.
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Abstract— We present a novel rigorous three-dimensional model that can describe the near-
field interaction between the metallic s-SNOM probe and an arbitrary three-dimensional (3D)
inhomogeneous sample.

Scattering-type scanning near-field optical microscopy (s-SNOM) is a versatile scanning probe
technique for nondestructive optical imaging with wavelength-independent nano-scale spatial
resolution [1]. The imaging is typically performed by scanning an AFM tip above the sample
surface, subject to an external illumination. The field scattered by the tip depends on the near-
field interaction between the probe and the sample, and can thus provide important information
about the local sample properties, e.g., its composition.

In particular, s-SNOM has recently demonstrated the ability to perform infrared (IR) spectro-
scopic identification of minerals in biological materials [2] and polymer particles with 20nm
spatial resolution [3] via direct comparison against standard FTIR databases. While such nano-
FTIR technique works well for on-surface (2D) studies of a wide range of organic and biological
samples, the determination of sample structure below its surface and in three dimensions presents
both theoretical and experimental challenges.

From the theoretical standpoint the determination of the 3D sample structure from s-SNOM im-
ages requires the solution of the near-field inverse scattering problem. This, in turn, necessitates a
tractable model which accounts for the near-field interaction between the relatively large metallic
tip employed in IR s-SNOM and an inhomogeneous sample. Previous approaches, which treat
such tips as point-dipoles, can only provide qualitative description of the depth dependence [4].
Here we present a novel model that is able to describe scattering by the tip-sample system be-
yond treating the former as a point polarizability. Our model is based on the multiple multipolar
expansions of the scattered field and is a generalization of the finite-dipole model [5]. Finally, we
describe our progress towards optical near-field tomography.
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Surface Waves in Electromagnetic Metamaterials and Their Effect
on Effective Parameters

Xiaoyan Y. Z. Xiong!, Lijun Jiang', Vadim A. Markel?, and Igor Tsukerman?
!The University of Hong Kong, China
2Departments of Radiology and Bioengineering and
the Graduate Group in Applied Math and Computational Science
University of Pennsylvania, Philadelphia, PA 19104, USA
3Department of Electrical and Computer Engineering
The University of Akron, OH 44325-3904, USA

Abstract— Many applications of periodic electromagnetic composites (metamaterials) involve
a metamaterial slab with cubic elementary cells. It is important to understand how the char-
acteristics of such a slab depend on the number of lattice layers in it. Physical and numerical
experiments published in the literature indicate that the material can be accurately characterized
by an effective bulk parameter tensor even if the number of layers is surprisingly small (five or
even less). These findings, however, are largely heuristic, and the purpose of this paper is to
provide a solid analytical and numerical foundation for them.

We argue that the dependence of effective medium parameters on the number of layers is due
to the surface wave (surface plasmon polariton, or SPP). In homogeneous materials, SPPs can
be excited only by an evanescent incident wave, i.e., from the near-field, or from a medium
with a higher refractive index (Kretschmann geometry). However, in periodically modulated
media, SPPs can be exited by both propagating and evanescent incident waves and are, therefore,
unavoidable. The paper demonstrates that the role of surface waves diminishes rapidly as the
vacuum wavelength increases beyond a certain threshold.

The effective parameters of the periodic structure are determined from the recently developed
non-asymptotic homogenization theory applicable to all cell sizes, not necessarily vanishingly
small relative to the vacuum wavelength. The main underlying principle of the new theory is
that the coarse-grained fields must satisfy Maxwell’s equations and interface boundary conditions.
Consequently, E and H are sought as curl-conforming interpolants of the respective rapidly
varying fields e and b — i.e., as interpolants preserving the tangential continuity of fields across
all interfaces. At the same time, B and D are sought as div-conforming interpolants preserving
the normal continuity across all interfaces.

The actual microscopic fields in the structure are approximated by suitable basis functions (b.f.)
For lattice cells in the bulk, such basis functions could be chosen as Bloch waves traveling in
different directions. In the present paper, however, the basis is defined differently — by illumi-
nating a metamaterial sample with incident waves at varying angles. This allows us to construct
a basis set not only in the bulk but also at the surface, where traditional Bloch modes are not
applicable. This approach also has a computational advantage: transmission and reflection of a
given incident wave is less difficult to calculate than eigenmodes.

Illustrative numerical examples for three-dimensional periodic structures are presented.
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Signal Formation in Scanning Nearfield Optical Microscopy
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Abstract— Nearfield optical microscopy renders optical images with deep-subwavelength reso-
lution. However, the analysis of recorded signals still suffers from considerable uncertainty about
the exact nature of the image forming mechanisms. Inevitably, a probing tip has to penetrate
the nearfield zone of the sample. In the general case it is far from obvious, to what degree its
interaction with the sample distorts the resulting images.

We develop a fully general framework based on the reciprocity theoretical formulation of Maxwell
theory. This approach has been used in the past by Carminati, Greffet, et al. who have formulated
a description of the measurable signals in the form of integrals over an infinite plane separating
the probe and sample. Using the volume equivalent representation and a convenient angular
spectrum description of the vectorial Green function for the Helmholtz operator, we re-cast the
main relation into an integral over the volume of the perturbing probe tip volume. This allows
for an intuitive interpretation of measured signals.

Our formalism is applicable to aperture-type probes as well as apertureless probes. As we show
with several examples, it is able to predict recorded signals for various experimentally relevant
situations. In particular, for point-like dipolar probe tips, the analysis simplifies dramatically. If
a Born-series description of the sample-probe interaction may be used, our results show that the
main recordable signal is directly proportional to the local field of the excited sample — at the
location of the dipole probe. This has been an empirically established rule for a number of years,
already, which is now set on a more formal basis.
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Effects of Tuning Condition, Head Size and Position on the SAR of
a MRI Dual-row Transmit Array at 400 MHz

M. Kozlov and R. Turner
Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany

Abstract—

Purpose: It is becoming well understood that the performance of RF transmit coils used in MRI
benefit from dual-row array design. Safety assessment is significantly complicated for a dual-
row array because matching dual-row array conditions in numerical and actual domains is very
complicated. In typical RF coil simulations SAR can be calculated for several excitation modes
and even complex pTX pulse but on base of assumption of ideally decoupled array elements [1]
or in best case for a single array tuning condition with comparison of magnitude of complex
array circuit level measures: element matching and adjacent element coupling. Influence these
measure phases on SAR has generally been neglected. In our previous works we developed
simulation work-flow closely corresponds to fabrication steps of an array, but results reported
were obtained for circuit level optimization reached their global minima [2].

Our numerical simulation goals were: a) to investigate effect of different tuning condition on dual-
row array SAR; b) to explore the sensitivity of SAR both to the head size, and to position of the
head inside an array, which would be used without adjustment of array variable components for
each subject.

Method: We numerically investigate already fabricated 9.4 T dual row array [3] using RF circuit
and 3-D EM co-simulation. The realistic 3-D EM model of the arrays included all coil construction
details for the resonance elements, simulated with precise dimensions and material electrical
properties. The loads utilized were the multi-tissue Ansoft human body models, cut in the
middle of the torso, with different scaling factor: head #1 with scaling X = 0.9, Y = 0.9,
Z = 0.9 simulating an average head, head #2 with scaling X = 0.85, Y = 0.85, Z = 0.9
simulating a small head, and head #3 with scaling X = 0.95, Y = 0.975, Z = 0.9 simulating a
large head. We analyzed: geometry case #1 — head placed symmetrically in transverse plane
and geometry case #2 — head shifted from case #1 position for 22 mm downwards to provide
space for mirror of visual stimulus system. In each case four axial positions of the human models
were defined with 5 mm step, and in case #1 the head #1 was also shifted to both sideward by
5 and 10mm. In circuit domain the inductors of the decoupling networks were placed in series
with distributed capacitors; @ factor of all capacitors was equal to 200; all inductor were simulate
with actual inductor size and copper wire diameter; array decoupling pin diode resistance was
0.2 Ohm.

To obtain values of array variable components — decoupling inductors, tune and match ca-
pacitors — we used two circuit-level array optimization strategies: 1) optimization based on S
parameters, mimicked the commonly used optimization during fabrication, where the reflection
coefficient (S,;) for each individual array element and the coupling coefficient (S, ) for the each
decoupled pair of array elements were minimized at the array operating frequency (Fyri); 2)
mode optimization, minimized an error or cost function (EF), which consisted of individually
weighted sums derived from S parameter matrix and power reflected by array rows for given set
of excitation modes [2].

All optimizations were independently performed in two steps: 30 000 random tries, followed by
“Quasi-Newton” method until no further improvement was possible. This resulted in a set of
eight values for variable components and a correspondent set of E and H fields (on an equidistant
1 mm mesh) for each independently excited radiative element. The fields were exported from 3-D
EM domain to files in Matlab format. The peak SAR averaged over 10 gram (SAR;o,) was
calculated for CP and some other excitation modes by an in-house Matlab procedure, which was
developed in consistence with IEEE 1528.1 standard and which reliability was proved during
IEEE TC 34 interlab comparison study [4]. For each 3D EM domain simulation total amount of
calculated SAR;o, values was equal 96 (to number of head positions (4) multiply by number of
circuit level strategies (2) multiply by number of excitation modes (12)).

Results and Discussion: For circuit level optimization strategy #1 and geometry case #1
magnitude of the S;, (< —40dB) and S,, (< —18dB) were similar for each axial position of
head #1 but mutual inductor coupling coefficient Kg4; for decoupling inductors and S, phases
were significantly different between position #3 and other positions. When variable component
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values were used from another head #1 position the S;, magnitude slightly increased (remaining
below —20dB) and the S,, slightly decreased. Therefore in all configurations array looked as
properly tuned. Variation of the S;; and S, for head #2 and head #3 simulations was more
pronounced but still in all configurations array looked near to be reasonable (only a couple of
S, were about —16 dB, others S, < —20dB and all S;, < —18dB) tuned.

For circuit level optimization strategy #1 and geometry case #2 all four circuit level optimization
resulted in similar magnitude values of the S;; and S;,. The S;; and S;, behaviour for different
head positions and head sizes was similar to case #1. For geometry case #2 and given excitation
mode SAR, variations were less than £5% for each optimization strategy and less than +£10%
when results for both optimization strategies were taken into account.

If results for head position #3 tuning of geometry case #1 would be excluded from database
SARy, variations for both geometry cases would be very similar. But if these results were
taking into account SAR o, variations increased up to 30% for some excitation modes. When
head position #3 tuning was applied i) significant variation of current through radiative elements
was observed; ii) the constructive E-field interference had a different pattern; iii) finally, value
and spatial location of peak SAR ¢, significantly changed.

To perform sensitivity analysis circuit level optimization strategy #1 was applied 100 times for
geometry case #1. We obtained solutions where values of Ky; were grouped to two values with
small dispersion: the first value was closed to value of the original optimization for head in head
positions #1, #2 and #4 and the second value were closed to value of the original optimization
of head positions #3. Probability to obtain the first value was 83%.

Conclusion: A precise match of dual row array conditions in numerical and actual domains is
vital for reliable SAR assessment. Tuning condition may provide a significant impact on SAR g
of a dual row array. When array diameter is relative large and variation of head position resulted
in non-significant variations of array circuit level measures, SAR o differences are expected to
be relative small (less than 20%) and can be easily covered by array safety margin. However it is
impossible to provide a general conclusion that a variation of an array property provides negligible
influence on SAR o, for any dual row array. Given dual row array should be comprehensively
and reliable investigated (including sensitivity analysis) for defining scanner SAR assessment
parameters. If the precise match of conditions or sensitivity analysis cannot be obtained safety
margin should be increased considerably.
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Active Implantable Medical Devices and Electromagnetic
Compatibility

Veronica Ivans' and Chung-Kwang Chou?

IMDS, LLC, USA
2Motorola Solutions, Inc., USA

Abstract— This presentation gives an overview of active implantable medical devices (AIMD),
which include implantable pacemakers and ICDs (implantable cardioverter defibrillators), require-
ments in a newly published international standard ISO 14117 (2012) [1] addressing safety in the
presence of ElectroMagnetic Fields (EMF).

During recent years there has been a rapid proliferation of emitters across the entire electromag-
netic frequency spectrum. Majorities of these emitters are intended to broadcast radiofrequency
energy for communication or other applications. On the other hand, there has been a demand for
smaller size AIMDs, and more advanced systems (distant telemetry communication, more leads,
etc.) with more sophisticated features that would allow physicians to provide, and their patients
to receive, better health care and quality of life. The above factors combined have raised the
visibility to potential interference from EMF and their effects on patient safety.

As a result, the International Standard Organization (ISO)/International Electrotechnical Com-
mission (IEC) Joint Working Group 1 has developed an international standard ISO 14117 com-
prising immunity requirements for AIMDs in these environments to minimize interference from
EMF emitters. In general, AIMDs shall not cause any harm because of susceptibility to electri-
cal influences due to external EMF, whether through malfunction of the device, damage to the
device, heating of the device, or by causing local increase of induced electrical current density
within the patient. The standard defines implantable cardiovascular systems, and describes basic
operation of pacemakers and ICDs. EMF sources in non controlled and controlled and medical
environments are identified. Test procedures for various frequency ranges and environments of
the AIMDs are specified in the ISO 14117 standard. Main elements of the standard will be pre-
sented in the meeting. For increased safety of the patients, it is highly recommended the AIMDs
comply with the standard to minimize electromagnetic interference from various EMF sources.
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Interesting Issues of Mobile Phones and Base Stations in Taiwan

Ji-Shing Lin
Office of Board of S&T, The Executive Yuan (Cabinet), Taiwan

Abstract— There are 5 telecom operators in Taiwan, a small island of 36,188km?, crammed
with thousands of base stations spreading around the country. Fueled by local activists and the
media that enjoy cherry-picking foreign news or researches fitting their EMF scare, Taiwan has
been much under the siege of mis-information that both mobile-phone sets and base stations
are endangering people’s health, especially, causing cancers which is a serious driving force for
mobilizing peoples’ protests.

There have been several studies of their health effects, provided by local regulatory authorities
and operators. For example, the impact on infants due to mothers’ using mobile phones. Most
of these show that exposure to telecom EMF is not causing health problems.

Another related issue is electromagnetic hypersensitivity (EHS), which, according to a local
study, seems to be quite prevalent in Taiwan, with 13.5% of Taiwanese claiming suffering from
it. At least one provocative study has been done on this issue, and the result indicates that the
symptoms are not associated with telecom EMF.

Here, an overview of the prevalence of mobile phone uses, base station set-up, media coverage of
health effects, activist “propaganda,” and responses of regulatory authorities is presented. Then,
related research work on health concerns, including EHS, follows.
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Impact of Planning Based Restrictions on Operation of Mobile
Networks

Jack Rowley
GSM Association, 7th Floor, 5 New Street Square, London EC4A 3BF, UK

Abstract— Around the world mobile networks continue to be expanded in response to growth
in subscribers and increasing demands for data services. In some countries there is concern about
possible health risks from the radio signals used for mobile communications and national or local
policy makers have responded with a range of measures including restrictions related to siting
of antennas near schools. In Australia the radio frequency (RF) exposure limits are consistent
with international recommendations and there are no mandatory planning exclusion zone policies.
Therefore, we studied the hypothetical impact upon existing networks of radio base stations in the
Melbourne metropolitan area and the potential for such a policy (if applied) to negatively impact
the future enhancement of these networks.We used publicly available geographical information
system data on the location of community facilities and the location of base stations to construct
a series of overlays to allow the testing of the impact of different size exclusion zones on the
siting of existing base stations. In this paper we present the results of the analysis of the impact
of a hypothetical 500 m exclusion zone. The main findings of the analysis include that across
the Melbourne metropolitan area, 54.1% of all existing radio base stations would be impacted if
such an exclusion zone was applied around community facilities (schools,pre-school and medical
facilities). The impact increases in dense urban areas and for larger radius zones. A reason given
for adopting such policies is to reduce the RF exposure in schools and hence the potential for
a health risk to the students. However, measurements at schools in the US with and without
monopoles for mobile communication antennas show that geometric mean RF exposures in either
group of schools are generally more than 100,000 times below the US federal RF exposure limits.
This study shows that planning based exclusions would significantly impact the ability to operate
mobile networks and consequently the ability of subscribers to obtain services. Importantly, such
a policy would not significantly reduce the RF exposure on school properties.
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Occupational Over-exposure to RF Radiation in TV Tower

Maila Hietanen
Finnish Institute of Occupational Health, Finland

Abstract— There are only few reports of the effects of acute exposure to radiofrequency expo-
sures from high power transmitting antennas, as it is a commonly adopted rule that it is safe for
staff staff to climb through radio and television towers only when the antennas are transmitting
with reduced power. This Case Report describes an event in which a worker was accidentally
exposed to high levels of radiofrequency radiation (85-100 MHz) while working on transmission
mast. The mast worker experienced various adverse health effects, such as headache, pain in
chest and stomach, diarrhea, sweating, changes in blood pressure and heart rate, and other simi-
lar somatic symptoms. A measurement survey was carried out after the accident, indicating that
the average power density in front of the antenna, at the approximate site of the worker, was
36 W/m?, and the corresponding peak reading was 87 W/m?. Hence, the exposure level was sig-
nificantly higher than the occupational reference guideline (10 W/m?) given by the International
Commission on Non-Ionizing Radiation Protection [1].

RF over-exposure at 100 MHz is not immediately detectable by the human body which makes
difficult for workers to avoid high fields without an alarming meter. In order to give advice to
proper health risk management at typical work situations, a project on safe working on trans-
mission towers with transmitting antennas in liaison with the telecommunications industry will
be undertaken in Finland.
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Update of IEEE C95.1 Exposure Standard Revision
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T. Dovan, R. A. Tell, K. Gettman, R. Bodemann, and R. C. Petersen
IEEE International Committee on Electromagnetic Safety, TC95, Piscataway, NJ, USA

Abstract— The IEEE International Committee on Electromagnetic Safety (ICES) develops
standards for the safe use of electromagnetic energy in the range of 0 Hz to 300 GHz. Presently,
two IEEE exposure standards, C95.6-2002 [1] (0-3kHz) and C95.1-2005 [2] (3kHz to 300 GHz)
specify levels to protect against established adverse health effects in humans caused by exposure
to electric, magnetic and electromagnetic fields, and the associated induced currents, and contact
currents and voltages. The standards draw upon comprehensive reviews and evaluations of the
scientific literature including studies conducted under many different exposure conditions, some
using levels of radio frequency energy too low to produce significant (or measureable) heating in
animal or in vitro test systems (sometimes called “non-thermal” exposures).

This presentation is a report of the Editorial Working Group (EWG) on the progress of combining
the two IEEE exposure standards into a single standard C95.1-201X “Standard for Safety Levels
with Respect to Human Exposure to Electric, Magnetic and Electromagnetic Fields, 0 Hz to
300 GHz.” Also, under a Technical Cooperation Agreement between NATO and IEEE, ICES
TC95 is developing a “Standard for the Evaluation and Control of Personnel Exposure to Electric,
Magnetic and Electromagnetic Fields, 0 Hz to 300 GHz” for consideration by the NATO member
countries as a replacement for NATO STANAG 2345 [3].

Defining terminology associated with different interaction mechanisms above and below 100 kHz
represents one of the challenges in combining the standards. This is important since appropriate
safety factors must be defined that result in adequate safety margins for protection against
hazards and adverse health effects. Several terms have been changed to address these differences
and to make the meaning of each term more obvious. Thus far, 15 EWG meetings and 6 TC-95
Subcommittee 3 and 4 combined meetings have been held to discuss details and approve these
changes. Presently, only the exposure limits for contact current at radio frequencies have been
changed. A special exposure zone with relaxed limits restricted to selected experts has been
established for the NATO standard to enable multinational interoperability.

Conclusion: Both C95.6 and C95.1 standards protect against established adverse health effects
and include safety margins for human exposure. Work to combine C95.6-2002 and C95.1-2005
into a single standard for frequencies between 0 Hz and 300 GHz is ongoing. ICES continues to
critically review the relevant scientific information while updating its standards. ICES considers
harmonization with ICNIRP [4] and the proposed European Union Directive important, with an
ultimate goal of internationally-harmonized EMF exposure criteria.
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A Review on Electrical Property Retrieval in a Noninvasive Way

Shao Ying Huang! ? and Shaohui Foong?

!Massachusetts Institute of Technology, USA
2Singapore University of Technology and Design, Singapore

Abstract— Knowledge of the spatial distribution of electrical properties, namely dielectric
constant and conductivity, is valuable to various diagnostic and therapeutic technologies, for
example, transcranial magnetic stimulation (TMS) or in wvivo specific absorption rate (SAR)
mapping in high-field magnetic resonance imaging (MRI). It could probably provide information
on microstructure and function of tissues and materials which would be complementary to that
provided by traditional imaging modalities. Recently, MRI has become a new tool for noninvasive
electrical property retrieval without the assistance of additional sensing equipment. Mainly there
are two categories, namely electric properties tomography (EPT) [1,2] based on the integration
version of the Maxwell’s equations, and local Maxwell tomography (LMT) [3] based on the
Maxwell’s equations. EPT requires the absolute phase of and it works based on the assumption
that ¢ = (¢ +¢7)/2 at 3T or below. The assumption is referred as half phase assumption in
this content. LMT has no assumptions on the phase and it works at arbitrary field strength. In
the coming International Society for Magnetic Resonance in Medicine (ISMRM) annual meeting
and exhibition in April 2013, we propose a new method called Local Electrical Property Retrieval
(LEPR) to retrieve the electrical properties of tissues at 3T or below.

In this paper, we present a review on the technical details for the aforementioned different methods
that retrieve electrical properties in a noninvasive ways, from an electromagnetic point of view.
The methods are implemented, commented, and compared. SEMCAD X based on FDTD is used
for full-wave simulations [4]. This study may provide insights to the future study on this topic.
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Quantification Error in Local Maxwell Tomography (LMT)
Introduced by B; Map Inaccuracy
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1Xi’an Jiaotong University, Xi’an, China
2Massachusetts Institute of Technology, USA
3Singapore University of Technology and Design, Singapore

Abstract— Maps of the spatial distribution of conductivity, o, or dielectric constant, &, are
valuable to various diagnostic and therapeutic technologies such as in vivo specific absorption rate
(SAR) mapping in high-field magnetic resonance imaging (MRI). There are mainly two existing
approaches that have been proposed for the estimation of &, and o based on MRI; electric
properties tomography (EPT) [1, 2] based on the integral version of the Maxwell’s equations, and
local Maxwell tomography (LMT) [3]. EPT requires the absolute phase of B]” and it works based
the assumption that ¢*/2 = ¢~ /2 which holds at 3T or below. LMT has no assumptions on
the phase and it works at arbitrary field strength.

In this work, we evaluate the accuracy of the retrieved ¢, and o obtained from LMT when Bfr and
B; are noisy. Three kinds of effects are reported. They are the effects introduced by the effect
of the tissue types, that of Larmor frequencies, f’s, and the effect of the number of excitations
and B; maps. A spherical phantom in Fig. 1 with a radius of 0.1 m is used for the study. The

excitation sources are planes waves (%, in Fig. 1). SEMCAD X based on FDTD is used for
full-wave simulations [5].
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Figure 1: The spherical phantom.
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A Economical Surface Coil Design without Lumped Elements for
MRI Application
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Abstract— Radio frequency (RF) coils are used to receive signals in magnetic resonance imag-
ing (MRI) scanners, among which surface coils have been widely used because of their narrow
bandwidth and high signal to noise ratio (SNR). In a surface coil, one of the most important
components is the capacitor. Usually,at least one capacitor is organized in parallel at the input
port, which are used to tune the desired resonant frequency. However, the capacitor is made of
lumped elements, so its hard to fabricate to adjust the capacity in surface coil. This factor leads
the surface coils to be at a high price. If the cost of the coils is reduced, then the MRI scanners
will be affordable by more clinics and hospitals.

In this paper, we design a economical surface coil without the tuning capacitor. Specifically, we
use a couple of interdigital microstrip lines instead of the lumped capacitor in the RF coil. In
the interdigital microstrip lines, the stretched strips and slots are used to tune the gap between
neighboring lines, which control the capacitance of the equivalent RLC circuit. By adjusting
the microstrip length and insert depth of the stretched strip, the capacitance can be adjusted
and the resonant frequency can be tuned over a wide range. This design allows us to tune the
resonant frequency without changing the coil size, which reduces the fabrication expense of surface
coisl. Our simulation shows this design of RF coil achieves the comparable performance as the
traditional RF coil with lumped elements, which shows its potential utility in (MRI) scanners.

Figure 1: The surface coil without lumped capacitor.
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Resonant RF Biosensors for Immature Cells Identification
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Abstract— Since biological cell membranes are transparent at RF or microwave frequencies,
such high frequency signals can penetrate inside cells and interact with their intracellular content.
There is so a high interest to use microwave to perform biological cell analysis. Hence, in this
paper, we will show that such frequencies can be especially used to identify the cell maturity
state (from differentiated cell up to stem cell). Indeed, we have used surface micro-machined
biosensors derived from RF resonators (Fig. 1) to probe individually the content of cells and
measure their intrinsic dielectric properties. The high sensitivity detection achieved thanks to
these detectors allows performing analysis without requiring any cell labeling; only measuring
intrinsic physical parameters of cells under analysis. Especially, this work is focused on cells com-
ing from a glioblastoma cell line known for their cancerous aggressiveness and high proliferation
capabilities. Interestingly, by changing culture conditions of such cells, in terms of medium and
oxygen rate, we have selected different cells pools with an increasing immaturity level looking
for reaching a high stem cell concentration. These different pools have been specifically analyzed
with several of our biosensors in order to measure their dielectric permittivity characteristics
depending on several frequencies. Thanks to these collected data, we have established a repre-
sentative electromagnetic signature for each of the different cells pools we obtained. Hence, as
illustrated in Fig. 2, we have extracted from these pools significant electromagnetic signature
differences that can be relied to the increasing cell immature/undifferentiated level. Indeed, as
shown on Fig. 2, we can observe that cells coming from well differentiated cell pool “NN” seem
to present an intrinsic permittivity following a dispersive behavior versus frequency (linked to
their water content) with much lower values that ones coming from “DH” pool. This “DH” pool
is in fact made up cells with the higher immaturity level we have successfully grown and selected
including a large amount of cancerous stem cells.

In the final paper, more details about the cell culture selection and the used measurement method-
ology will be discussed. In addition, we will further comment biological analysis performed to
characterize these cell pools and evaluate their immaturity level with biological criteria.

To conclude this abstract, we wish to underline that looking-introduced results; this sensing
method appears very promising especially to develop new powerful tools for label free cancerous
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Micro chamber

Figure 1: (a) Top-view of biosensor chip micro-machined
on fused silica substrate and (b) individual biosensor
photograph.
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stem cell discrimination and sorting. Indeed cancerous stem cells, which are nowadays still
difficult to fully discriminate with conventional biological technics, are currently focusing an
increasing attention in the clinical research community since they might be the cause of a majority
of cancer recurrences that too often follow chemotherapy or radiotherapy treatments.
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Feasibility of Microwave Dental Imaging
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Abstract— In this presentation we seek to advocate the use of microwave (RF) reflection
imaging as an adjunct and, ultimately, a robust dental diagnosis competitor to the prevailing
technique of computerized tomography (CT) with x-rays as probe. Since x-rays inevitably ionize
intervening tissue along their path, their use, in no matter how small an amount, must always
be viewed as a potential carcinogenic trigger. Penetrating microwaves, by contrast, are totally
exempt from posing any such threat, and are thus a priori superior from the standpoint of safety.

We have evolved both measurement procedures and computer codes centered around our unique
Field Mapping Algorithm (FMA), which provides full three-dimensional structural imaging
based upon either transmitted or reflected (T/R) microwave fields. In particular, our FMA,
utilizing a T /R tangential microwave data capture along some suitable surface (preferentially
planar, cylindrical, or spherical), permits a full structural reconstruction of the material traversed.
Such reconstruction is achieved essentially in real time, fully apace with the imaging procedure
under way, and is altogether unburdened by the delays, spatial imprecision, and massive CPU
demands accompanying optimization schemes, schemes, indeed, which are altogether foreign to
the makeup of our FMA, but otherwise central to most other microwave imaging initiatives.

In the proposed context of dental diagnosis, an FMA embodiment would minimize instrument
intrusion into patient tissue. Both transmit source and receive array would be placed in proximity
to, but entirely exterior to the patient’s cheek. There would be no need for an internal (and most
uncomfortable) image capture, be it on film or direct digital sensor, or else the massive x-ray
dosage inflicted from a multitude of directions during a standard CT session. In particular, there
would be no adverse carcinogenic legacy bequeathed by x-ray ionization.

There does not appear to be any RF hardware impediment in implementing the diagnosis setup
thus suggested, since ingredients such as source and receive array are commercially available.
Equally as important, the structural FMA reconstruction objectives, which, in a specifically
dental setting would take the form of searching for cavities and, say, root pathologies and/or
congenital abnormalities, have been tested with promising results in software simulations based
upon analytic and numerical examples, a few of which will be on view herein.
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Microwave Medical Imaging Techniques
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Abstract— A wide swath of medical imaging techniques will be summarized and individually
assessed as to their comparative efficacy. Ultimately, however, we intend to focus our emphasis
upon microwave imaging We shall begin with traditional, pulse-based measurements, typified by
heartbeat rate, blood pressure, and EEG/EKG readings and then continue on to X-ray imaging
and the still more sophisticated procedures embodied in computerized tomography (CT), Ultra-
sonics, Magnetic Resonance Imaging (MRI), Positron Emission Tomography (PET), and so on.
Both underlying principle and hardware implementation will be outlined and discussed along the
way.

Medical imaging utilizing electromagnetic waves as probes has been studied for at least the past
half century, and, despite its long gestation period, in recent years it has finally claimed its
proper role as an emerging alternative to X-rays. These evolving electromagnetic techniques
now embrace several varieties of bioinstrumentation, microwave thermography and microwave
microscopy, radar imaging, microwave holography, diffraction tomography, and on to inverse
scattering methods, the latter largely reliant upon an optimization-based, computer-intensive
underpinning. Our survey will conclude with a comprehensive comparison roster

In 2004 we developed the Field Mapping Algorithm (FMA) in the arena of electromagnetic fields.
In addition to its natural antenna and radar cross section (RCS) applications, we have recently
found it to be ideally suited for use in medical imaging. Our FMA provides direct solutions
to 3D inverse scattering problems, allowing images of internal biological organs to be obtained
simply on the basis of the scattered fields detected by sensors that are proximate, yet fully
external to living tissue. In particular, with the low-power microwave probing which is organized
beneath the control of our FMA, one is able to bypass altogether the carcinogenic threat of in
situ ionization which inevitably accompanies X-ray transit. Test measurements conducted with
bona fide biological samples have consistently shown convincing results.
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Abstract— Usually, the high quality inverse synthetic aperture radar (ISAR) radar image is
generated inside anechoic microwave chamber with far field test range or compact far field test
range. In this paper, a high performance three dimensional radar image with size 1.5 meter by
1.5 meter and far field RCS versus aspect angle is performed by using the spherical near field
range. By using the near field to far field transformation, the high fidelity radar image and radar
cross section (RCS) can be generated. The radar system is impulse time domain system. The
pulse width and pulse repetition frequency of radar are 30 ps and 1 MHz respectively. Figure 1
shows the simulation image result of 12 scatter points target model, distributed on 1.5 meter by
1.5 meter plane, by using the near field spherical range. Figure 2 shows the structure of near field
scanner. The target is mounted on the horizontal positioner. By the rotation of the target, the
near field ISAR image can be generated at special aspect angle. The impulse time domain radar
system is moved along the arch. By using the radar movement along the arch and the target
rotation on the postioner the three dimensional near field ISAR radar image can be generated.
By using the field transformation from near field to far field, the high performancee radar image
and RCS can be generated. The details, such three dimensional image and RCS, will be included
at the full paper and oral presentation.
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Figure 1: Simulation results of points scatter target. Figure 2: Spherical near field scanner.

Three Dimensional Radar Imaging by Using Spherical Near Field
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Measuring ELF-EMF Levels in the State of Kuwait
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Abstract— Extremely low frequency magnetic field, ELF-MF around power lines has increas-
ingly gained the attention and concerns of the public and officials. Scientists have conducted
many studies to find the relation between ELF-MF and many health disorders including cancer.
Research on the health effects of electromagnetic field began in the late 1960’s and was originally
focused on electric fields. In 1979 Wertheimer et al. [1] reported a statistical association between
magnetic field exposure and distance between a power line and someone’s home, and two- to
three-fold increases in leukemia risk among U.S. children. This early research brought the issue
of magnetic field-related health risks to the attention of scientists and the public. Two stud-
ies by Green etal. [2] and Schuz et al. [3] have reported an association between ELF-EMF and
Leukemia. Ahlbom [4] found the strongest link between exposure and childhood leukemia, where
a statistically significant association between childhood leukemia and average exposure for 24—48
hours of 0.4 uT or greater was found, (0.4 uT = 4mG). Many studies link between exposure to
power frequency fields and breast cancer, lymphoma, liver cancer, skin cancer and brain cancer
in animals. while Loomis [5] showed a clear association of female breast cancer with occupational
exposure to power low frequency fields. Strongest evidence for a connection between power fre-
quency fields and many diseases in addition to cancer was found by Neutra et al. (2002) [6]. In
addition to different types of cancer, ELF-EMF was found to be a possible cause of miscarriage
among women living close to power lines. This finding was also reported in Geraldine et al.
(2002) [7]. International Association for Research on Cancer, (IARC) [8], and The U.S. National
Institute of Environmental Health Sciences (NIEHS), [9] have assigned EMF radiation to group
2B, which means it is a possible carcinogenic.

Based on the surveyed literature we believe there is a health hazard associated with extremely
low frequency magnetic fields. However, studies were not able to find and confirm the exact
dangerous levels due to the complex nature of the problem. This study aims at measuring
magnetic field levels close to power transmission lines and transformer substations, in order
to provide an unbiased data to the scientific community and the public. We aim to present
information regarding this project in addition to results on field levels at some of the surveyed
locations in Kuwait. For each location spot measurements were conducted at various distances
from the power lines and substations, at a height of one meter. The visit to a location is repeated
at three times of the day at four seasons of the year.
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An Investigation on Ionospheric Total Absorption of Radio Waves in
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Abstract— The ionogram data obtained by DPS-4 digisonde at the high-latitude Station No-
rilsk (Dip lat. 60°N) in 2006 were used to study properties of Ionospheric Total Absorption of
Radio waves (ITAR), such as its diurnal variation, seasonal variation, and response to geomag-
netic activity. In winter and some months of equinox, the ITAR occurrence rate was much higher
in nighttime than in daytime, and its maximum was about 90%. In summer, the occurrence
rate dropped in nighttime and went up in daytime, thus the difference between the occurrence in
nighttime and that in daytime was reduced. The total duration of ITAR declined from April to
July and ascended from August to December. The ITAR occurrence ascended with the increase
of Kp. The physical mechanism of the ITAR is also discussed.
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Abstract— The presentation is devoted to modeling and analysis of the interaction of a power-
ful obliquely incident wave beam of decameter radio waves with the ionospheric layer F2. Much
like the linear case, propagation through the natural anti-waveguide layer F2 splits the initial
beam. Part of its energy propagates trough the ionospheric layer, the other part goes back along
a downward trajectory. However, nonlinearity leads to further stratification of the ionospheric
layer. A new feature, in comparison with the linear case, is appearing a narrow waveguide beneath
the F2 layer maximum which traps a small part of the beam energy. We study the relationship
between these parts of the wave field in a simplified model of parabolic F2 layer, with nonlinearity
caused by thermal plasma expulsion from the high field intensity region. Analytical results are
supplemented with numerical estimates of the effects.

e We model and analyze of the interaction of a powerful obliquely incident wave beam of
decameter radio waves with the ionospheric layer F2.

e Oblique propagation of a powerful HF wave beam in the ionospheric F2 layer leads to
additional plasma stratification, in particular — to the formation of an artificial waveguide
controlled by the beam intensity.

e The formation of the artificial waveguide is a nonlinear effect.

e The problem of efficient feeding the artificial waveguide depends on the ability to create in
the F2 layer high values of the HF electric field compared with the characteristic “plasma
fields”.
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Evaluation of Correlation Detector for Ship Detection with HF
Radar
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Abstract—

Summary: HF radar finds applications in various fields such as oceanography, maritime surveil-
lance, search and rescue operations, and Tsunami warning. Probability of ship detection Pgetect
for HF Surface Wave Radar (SWR) can hardly be justified purely by either theoretical or exper-
imental investigations. We propose to evaluate the performance of recently invented Correlation
Detector using synthetic targets in the background of measured sea clutter data. Various datasets
for a wind speed of 1.5m/s prove that reliable estimation of Pgetect is achieved with proposed
approach. Results are provided for values of Radar Cross Section RCS from 10-40 dBsm.

Motivation: For the detection of ships by using HF Surface Wave Radar (HF SWR) the primary
obstacle is first-order ocean clutter identified as so-called Bragg lines in the Range-Doppler (RD)
map. Recently a new detector has been proposed which uses the property that azimuth variation
of received power for a Range Doppler (RD) cell including a target will be more correlated across
the adjacent RD cells as compared to a RD cell without a target [1, 2]. Detection of targets within
the first and second order Bragg sea scatter on measured data has been shown. In this paper
the performance of the Correlation Detector is investigated by evaluating the probability of ship
detection using synthetic targets in the background of measured clutter data. In particular the
impact of the window length (number of azimuth bins) considered for calculating the correlation
of azimuth vectors is investigated. Application is advantageous for both ship detection and
oceanography as detection list can be used to improve the quality of oceanographic data.

Concept: The evaluation of Pyetect in case of HF SWR is not straightforward. Since the statistics
of sea clutter is not fully understood it is not possible to calculate the value of Pyetect theoret-
ically. On the other hand experimental investigations using measured targets and Automatic
Identification System (AIS) data for verification are also prone to error as AIS data are often
incomplete (leading to a high number of false alarms) and sometimes even incorrect. Therefore,
in this paper we propose to implant a synthetic target of variable RCS and range in 100 measured
data sets and make a statistical estimate. To evaluate the value of Pjetect for a given data set
the synthetic target of a given RCS is inserted in middle of the range Doppler bin. The target
signal is weighted by Sommerfeld surface wave attenuation function and corresponding complex
voltage is added to the voltage of measured signal after range transform. The correlation detector
is used to detect the presence of the target. The process was sequentially repeated for ranges
from 10-200 km and Doppler frequencies from +2.5 Hz. By evaluating the number of successful
detections the value of Pgetect has been calculated for various RCS values and window lengths as
seen in Fig. 1 and Fig. 2 respectively.

Paetect (%)
Pde(ec( (%)

RCS (dBsm)

Figure 1: Probability of detection, Pgetect versus tar- Figure 2: Probability of detection, Pgetect versus
get Radar Cross Section, RCS for window length of = window length, win for a target RCS of 25dBsm.
25. Black line represents the mean Pjegect- Black line represents the mean Pyegect-
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Abstract— Ground-penetrating radar (GPR) technology finds applications in many areas such
as geophysical prospecting, archaeology, civil engineering, environmental engineering, and defense
applications as a non-invasive sensing tool. One key component in any GPR system is the re-
ceiver/transmitter antenna. Desirable features for GPR antennas include efficient radiation of
ultra-wideband pulses into the ground, good impedance matching over the operational frequency
band, and small size. As the attenuation of radio waves in geophysical media increases with
frequency, ground-penetrating radars typically operate at frequencies below 1 GHz. For either
impulse or stepped frequency continuous-wave applications, the wider the frequency range, the
better the range resolution of the radar. Continuous wave multi-frequency radars are advanta-
geous over impulse radars in coping with dispersion of the medium, the noise level at the receiver
end, and the controllability of working frequency. It requires, however, mutual coupling between
the transmit (Tx) and receive (Rx) antennas, which determines the dynamic range of the system,
to be kept as small as possible.

In this paper, the full-wave analysis of electromagnetic coupling mechanisms between resistively
loaded wideband dipole antennas operating in realistic GPR scenarios is carried out. To this
end, a locally conformal finite-difference time-domain (FDTD) technique, useful to accurately
model electromagnetic structures having complex geometry, is adopted. Such a scheme, necessary
to improve the numerical accuracy of the conventional FDTD algorithm, by avoiding staircase
approximation, is based on the definition of effective material parameters, suitable to describe
the geometrical and electrical characteristics of the structure under analysis. By doing so, the
losses in the soil, as well as the presence of ground-embedded inhomogeneities with arbitrary
shape and material parameters, are properly taken into account. Emphasis is devoted to the
investigation of the antenna pair performance for different Tx-Rx separations and elevations over
the ground, as well as on scattering from dielectric and metallic pipes buried at different depths
and having different geometrical and electrical characteristics. Novelty of the analysis lies in the
fact that at the lowest operational frequency both the receive antenna and a pipe are situated
in the near-field, whilst at the highest operational frequency only the far field is playing the
role. The obtained numerical results provide a physical insight into the underlying mechanisms
of subsurface diffraction and antenna mutual coupling processes. This information in turn can
be usefully employed to optimize the performance of detection algorithms in terms of clutter
rejection.

Finally, a frequency-independent equivalent circuit model of antenna pairs is provided in order
to facilitate the design of the RF front-end of ground-penetrating radars by means of suitable
software CAD tools. The procedure employed to extract the equivalent circuit is based on a
heuristic modification of the Causer’s network synthesis technique useful to model ohmic and
radiation losses. In this way, one can obtain a meaningful description of the natural resonant
modes describing the electromagnetic behavior of antenna pairs for GPR systems.
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Integration of Multi Instrument Ionospheric Plasma Diagnostics
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Abstract— In order to enhance our understanding of the rich plasma physical processes that
drives the solar-terrestrial space environment we need to dramatically increase our ability to
perform multi point measurements with sensors of different types. The magnetosphere-ionosphere
thermosphere system is strongly affected by electric and magnetic fields, particle precipitation,
heat flows and small scale interactions. The changes of the near Earth plasma conditions are
produced mainly by natural perturbations, but some of them also have anthropogenic origin.
The diagnostics of the ionospheric plasma property as electron and ion density, temperature and
velocity can provide essential inputs for modeling the Space Weather conditions.

The aim of this presentation is to show global distribution of main plasma parameters during
different geomagnetic conditions and seasons diagnosed by various measuring techniques as: in
situ wave and plasma diagnostics registered on board of DEMETER satellite, GPS observations
collected at IGS/EPN network, GPS observation carried out at the Antarctic and Arctic IGS (In-
ternational GNSS Service) stations used and the data retrieved from FORMOSAT-3/COSMIC
radio occultation measurements. We are willing to present and validate the properties of the
ionospheric electron density profiling retrieved from FORMOSAT-3/COSMIC radio occultation
measurements. The comparison of radio occultation data with ground-based measurements indi-
cates that usually COSMIC profiles are in a good agreement with ionosonde profiles both in the
F2 layer peak electron density (NmF2) and the bottom side of the profiles. For this comparison
ionograms recorded by European ionospheric stations (DIAS network) during 2008 year were
used.

We would like also to discuss the limitation of presented diagnose techniques with respect to
different geomagnetic condition and localization in space.
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Analysis of Radio Signals Spatial Structure in Relation with
Ionospheric Perturbations

R. Talhi and G. Rogerie
C.N.R.S-LPC2E, University of Tours, Orleans 45071, France

Abstract— This paper presents an analysis of statistical properties of radio signals reflected
from the ionosphere, focusing on the scattered wave intensity and the wave polarization rate,
among other important parameters related to fluctuations of the radio propagation channel. As
we know, the high spatio-temporal ionization variability of the ionosphere requires a statistically
accurate predictions at all times and under all kind of geophysical conditions in order to lead to a
reliable performance in many applications like HF communications. Although empirical methods
are used, there is no efficient theory (or method) able to predict and to explain the physical
process which is at the origin of the ionospheric behaviour.

In this study, we performed an optimization of a series of numerical simulations based on Monte
Carlo method, using typical condition and ionospheric parameters, total electron content values,
turbulence spectrum. The evolution of the predicted scattered wave intensity and wave polariza-
tion rate with frequency, incidence angle, electron density, and turbulence strength, is analysed
and the relevant phenomena to take into account during simulations are specified. Finally, results
and comments are presented and discussed to illustrate the use of the method.
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Passive Ionospheric Sounding and OTH Radar Using DRM Signals

Michael J. Underhill
Underhill Research Ltd., Lingfield, UK

Abstract— A novel technique for passive ionospheric sounding was published in May 2012 in
a paper entitled “Estimation Of Ionospheric Layer Heights and Velocities Using Available DRM
Signals” [1]. DRM (Digital Radio Mondiale) signals are used for high fidelity and long distance
HF broadcast transmissions. DRM has a high immunity to multipath interference from delayed
versions of the original transmitted signal. It is an OFDM (Orthogonal Frequency Division
Multiplex) signal with a 10kHz wide flat-topped spectrum of 200 to 500 equally spaced 16 or
64-QAM (Quaternary Amplitude Modulation) carriers of equal amplitude.

Figure 1 shows the signal and immediate past history time waterfall of the 10kHz wide 15 kW
signal of RUVR (Voice of Russia) transmitted on 9850 kHz from Bolshakovo, Kaliningrad Oblast,
and received 30km south of London, UK, on an RFspace SDR-IQTM software receiver. The
direct path length is 1500 km.

Figure 1 shows a time waterfall of reflections delayed relative to the shortest ‘direct’ path inter-
fering and combining to give the patterns shown. The distance of a reflection has been shown [1]
to be inversely proportional to the horizontal period of the pattern component. The velocity of
a reflection is given by the slope of the pattern troughs or peaks. A slope corresponding to a
decreasing frequency with time is a receding reflection, and an increasing frequency with time is
an approaching reflection. Speed can also be estimated from Doppler shifts measured vertically
on the waterfall. By inspection we can identify three distinguishable delayed reflections. These
are: (a) a layer reflection at a spacing of about 210km receding at a velocity of 185kph, (b)
a layer reflection at about 120km with an apparent velocity 1830kph and (c) seen faintly at
right of centre at the bottom of the waterfall, a discrete object reflection at 530 km travelling at
870kph. The first two reflections (a) and (b) are from ionospheric layers, and (c) would appear to
be an OTH (Over The Horizon) aircraft reflection at a distance of at least 530 km. The velocity
of 1830 kph is too high to correspond directly to ionospheric layer movements. This mystery is
under investigation.

The problem is to find what signal processing algorithms could best separate and measure these
kind of targets automatically. A ‘successive unwrapping’ de-convolution approach is being ex-
amined. The concept is to identify the strongest reflection first by taking a Fourier transform
of the 10kHz wide spectrum and observing which is the strongest component. This component
is then both subtracted and used to correct the periodic phase reversals that this signal causes
on all other components. The next strongest component is then extracted, subtracted and used
to correct the phase reversals on the remaining less strong components. And so on until all
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Figure 1: SpectraVue display of 9850 kHz DRM signal over a 1500 km path with at least 3 different delayed
reflections of the original signal.
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identifiable components have been extracted. The final step is to find the reflection component
velocities from the time waterfalls of the separated components.

REFERENCES
1. Underhill, M. J., “Estimation of ionospheric layer heights and velocities using available DRM
signals,” IET Conf. on lonospheric Radio Systems and Techniques 2012, Royal York Hotel,
York, UK, May 15-17, 2012.



308 Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013




Session 2P3b
Present and Future of Terahertz Science & Technology,

Including Applications in Radio-sciences

Study of DNA Fingerprint of Pine Wood Nematode Based on Terahertz Spectroscopic Technology at
0-10THz

Ling Jiang, Chun Li, Lin Huang, Zhenwei Zhang, Cunlin Zhang, Yunfei Liu, ..................... 310
Terahertz Functional Tissue Imaging

Seongsin Margaret Kim, Patrick Kung, ........ ... o 311
Characterization of High Intense Pulse Amplified by Yb-doped Fiber Chirped Pulse Amplification System

for THz Wave Generation

Junichi Hamazaki, Norihiko Sekine, Shingo Saito, Iwao Hosako, .............. ... iiiiiiiiooo... 312
The Transmission Spectra of Semiconductor Based Samples Using the Terahertz Spectroscopy System
Weizin Lu, Bo HOU, .....oonn ettt e e e 313

309



310 Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013

Study of DNA Fingerprint of Pine Wood Nematode Based on
Terahertz Spectroscopic Technology at 0—-10 THz
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Abstract— In this paper, we investigate the fingerprint characteristics of harmful Bursaphe-
lenchus xylophilus (Bz) nematode and harmless Bursaphelenchus mucronatus (Bm) nematode by
applying terahertz spectroscopic techniques. We measure and analyze the transmission features
of the deoxyribose nucleic acid (DNA) of the Bz and the Bm samples, and their correspond-
ing polymerase chain reaction (PCR) amplification segments of the DNA molecules by using
terahertz domain spectroscopy (THz-TDS) and Fourier transform infrared spectroscopy (FTIR).
The low-frequency absorption features measured by THz-TDS exhibits different absorption peaks
(i.e., 0.07 and 0.11 THz) for the Bz and the Bm samples respectively. The calculated relative
refractive index of the Bm-PCR segment is found to be much smaller compared with other three
samples. The higher frequency characteristics of the four samples measured by the FTIR spec-
troscopy shows similar absorption peaks, except that the Bm-DNA provides a smooth differential
feature of absorption at 5.46 THz. These measurement results indicate the Bm samples including
DNA and PCR segment indeed have unique signature behaviors different from the Bz samples.
It demonstrates that the terahertz spectroscopic technique is a useful method to distinguish the
Bz and the Bm’s DNA and PCR segments by locating the absorption frequency.



Progress In Electromagnetics Research Symposium Abstracts, Taipei, March 25-28, 2013 311

Terahertz Functional Tissue Imaging

S. M. Kim and P. Kung
Department of Electrical and Computer Engineering
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Abstract— In recent years, biomedical imaging techniques using electromagnetic radiation in
the terahertz (THz) spectral band, between 0.2 THz and 10 THz, has drawn considerable interest
and made progress due to the ability of THz radiation to interact with biological tissue at the
molecular structure level, in addition to being non-ionizing. For example, THz waves have been
used to identify tissue changes in tooth enamel, cartilage, and malignant cancer cells. Terahertz
Time-Domain Spectroscopy (THz-TDS) is one of the most versatile methods for spectroscopic
image acquisition because of its ability to simultaneously determine the amplitude and phase of
the traveling wave over a broad spectral range.

In this study, we develop and investigate the use of THz-TDS imaging techniques to uniquely
identify changes in tissue samples for both forensic and treatment applications. Using THz-
TDS imaging in both transmission and reflection modes, we examine tissue samples that have
been damaged using a variety of acids, thermal burns, and other chemical compounds. Each
method causes structural deterioration to the tissue through a different mechanism, thus a distinct
fingerprint on it that can lead to contrast visible in the THz. In this study, we correlate the
observed spectroscopic change in the THz time domain spectra, the frequency spectra, as well
as phase shift for each damage type to the mechanisms and severity of the deterioration caused.
Once these correlations are established, we further investigate the forensic viability of such THz
techniques by allowing natural rotting to damage the cellular structures so that the time window
of effectiveness for this identification method can be determined.
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Characterization of High Intense Pulse Amplified by Yb-doped
Fiber Chirped Pulse Amplification System for THz Wave
Generation

J. Hamazaki, N. Sekine, S. Saito, and I. Hosako
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Abstract— Terahertz (THz) spectroscopy is suitable for identifying molecules of interest with
fingerprints in the THz region, including gas molecules, illicit drugs, and so on. In the THz
spectroscopy, high power THz wave generation is required for precise measurements. To generate
high-power THz wave by nonlinear optical effects, high-intense pump pulse with shorter pulse
width is desired. This is because generated THz wave increases superlinearly with increase in
peak electric field intensity of the pump pulse.

Since Yb-doped fiber has large gain and broad gain spectrum (1.0-1.1 um), a combination of
Yhb-doped fiber laser oscillator and Yb-doped fiber amplifier has attracted much attention as a
promising candidate of ultra-short high-intense pulse source, an alternative to a commonlyused
Er-doped fiber laser system. To date, by using Yb-doped fiber laser oscillators and Yb-doped
fiber amplifiers, ultra-short (< 150fs) and high-intensity pulses (100 pJ) have been reported.

There are reports of THz wave generation by using ultra-short high-intensity pulse amplified by
Yhb-doped fiber amplifier. However, they simply input the pulse to nonlinear crystal. Detailed
investigation of THz generation depended on input pump pulse condition (e.g., pulse width,
dispersion of pulse and so on) is not well examined.

In this paper, we demonstrate our Yb-doped fiber chirped pulse amplification system. As a seed
oscilla